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1 Introduction
RoverD is a method that follows the guidance of NRC (2011) to assess the risk associated
with concerns raised in GSI-191. RoverD uses test data and NRC (2011) guidance to
evaluate the magnitude of LOCAs required to exceed a performance threshold that is
established by testing for effects again associated with concerns raised in GSI-191. The
performance threshold is set low, set to underestimate the true level where functionality
may be lost, so that risk for strainer failure is overestimated. Even when adopting a low
performance threshold, the risk is shown to be very small (NRC, 2011).

RoverD separates the risk estimate into two categories of scenarios designated as
‘deterministic’ and ‘risk-informed’ as illustrated in Figure 2a. The deterministic scenarios
are those in which the LDFG fiber fines estimated to arrive in the ECCS sump following
LOCA are equal to, or less than, the amount of fines used in acceptable strainer testing.

The limit is set using testing methods intended to determine the maximum ECCS
strainer head loss for the tested condition. For example, single failure criteria are adopted
in combination with conditions known to overestimate head loss such as chemical quanti-
ties and morphology, strainer flow rate, and particulate amounts that includes mechanical
processing of fiber. If the strainer performance test shows a LOCA scenario will not cause
any strainer performance requirements to be exceeded, then that scenario will not result
in failure and is categorized as deterministic as shown in Figure 2a.

Scenarios are the result of exhaustive sampling for break sizes and orientations at weld
locations. Although some scenarios at a weld location with one or more scenarios in the
risk-informed category may be successful, in RoverD, the frequency assigned at any risk-
informed weld is the frequency associated with the smallest break size for that weld. As a
consequence, some scenarios at weld locations may have break sizes larger than the smallest
size but do not produce more fines than the tested amount. That is, some scenarios for
any particular non-DEGB risk-informed weld may be successful (in fact, many may be
successful). The nature of this kind of behavior is shown in Figure 1.

The term ‘acceptable testing’ refers to so-called deterministic tests performed under
circumstances that would not be realized in a design basis accident as mentioned above.
Such tests can be used to establish a bounding envelope of performance (low performance
threshold) for the realistic scenarios realized or hypothesized. Using test data that includes
unrealizable circumstances may result in scenarios that would fall outside the bounding
envelope defined by such test data. The risk for any such scenarios is required to meet a
‘very small’ threshold as shown in Figure 2b.

In the following, the various analyses required to complete a RoverD assessment are
summarized. The steps required to complete a RoverD analysis are summarized in Sec-
tion 2. Section 3 summarizes the way RoverD fiber generation, transport, erosion, and
latent fiber quantity are established. Section 4 summarizes the LOCA frequency deter-
mination for scenarios in the risk-informed category. The basic approach uses top-down
frequency partitioning. In-vessel analyses are described in Section 5 including blockage
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(a) Conceptual illustration of a break with diam-
eter Di where robust barriers truncate the ZOI
such that breaks larger than the smallest break
exceeding the tested amount of fines result in less
amounts of fines.

(b) Depiction on the {angle of orientation,break size}
phase plane of the smallest break size and the resulting
amount of fines. Some areas on the phase plane at break
sizes larger than the smallest have less than the tested
amount of fines.

Figure 1: Hypothetical break and the fines production for different break sizes and orientations showing
how some breaks sizes larger than the smallest break size in a risk-informed weld location can have less
fines produced

analyses for HLB and CLB (scenario success criteria), fuel fiber limits, boric acid pre-
cipitation. Core performance metrics must be met in addition to strainer performance.
Section 6 summarizes evaluation of core performance metrics.

2 RoverD risk quantification summary
RoverD involves the following steps to assess the risk associated with the concerns raised
in GSI-191:

1. Perform a test that has some margin to failure following accepted protocols (see
AREVA, 2008)
Note the amount of fine tested (in this case, 191.78 lbm) as well as the configura-
tion (in this case, two ECCS trains). The plant configuration is important to ensure
whether the test bounds other plant states. Fine fiber is used because it is the trans-
portable form of the LDFG created in the break scenario.
Note that the test results must be applied to strainer performance criteria to ensure
they are met using deterministic analysis requirements (e.g., vortexing, structural
margin, flashing, etc.)

Thursday 18th June, 2015, 15:25 2 corresponding: keeej@stpegs.com
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(a) RoverD separates those scenarios that go to success deterministically from those that are assumed to
go to failure and require risk-informed analysis

(b) Flow chart showing the RoverD evaluation process following categorization of scenarios to determine
risk acceptability. In this depiction, the frequency, fi, of break at any location is determined by the diameter
as determined in NUREG 1829.

Figure 2: The two basic elements of RoverD are separating scenarios into risk-informed or deterministic
categories and then subsequently evaluating the risk.
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2. In-vessel performance criteria (core cooling, including fiber effects, boric acid precip-
itation) must be met under the conditions tested

3. Run CASA Grande to itemize all break locations, break sizes, and amount of LDFG
fines in the sump (including erosion and latent fiber)

4. Compare the amount of fiber fines in each break scenario to the tested amount
(AREVA, 2008)
If the amount is equal to or less than the tested amount, categorize the scenario
‘deterministic’.
If the amount exceeds (that is, ‘over’) the tested amount, categorize the scenario
‘risk-informed’

5. Evaluate the risk contribution (including in-vessel) of scenarios in the risk-informed
category against the Regulatory Guide 1.174 quantitative criteria for {CDF,∆CDF},
{LERF,∆LERF}
Assign change in core damage frequency to the frequency from (4)
Check {CDF,∆CDF} against the quantitative requirement of Regulatory Guide 1.174,
Region III
Check {LERF,∆LERF} against the quantitative requirement of Regulatory Guide 1.174,
Region III
Verify other requirements (for example, safety margin, defense in depth) of Regula-
tory Guide 1.174 are met

6. If all requirements are met for the risk-informed category, the performance is accept-
able

3 Reactor containment building debris generation and
transport

NEI (2004) documented an acceptable methodology for determining the amount of debris
generated in a LOCA of any particular size by defining a ZOI. Within the ZOI, specific size
distributions of LDFG particles can be estimated using acceptable methods (Figure 3).

The amount and type of each debris species transported to the ECCS sump is gov-
erned by logic trees developed to estimate the amounts captured and sequestered, and
the amounts that would continue to transport (for example see NEI, 2004, ppg 3-45, 3-53).
RoverD uses a ‘worst case’ set of assumptions in development of the STP debris transport
logic tree.

The flow paths through the RCB with the water flowing out of the breach in the RCS
as well as with water from sources such as ECCS and CSS during the recirculation phase

Thursday 18th June, 2015, 15:25 4 corresponding: keeej@stpegs.com
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Figure 3: Conceptual illustration of three zones of destruction potential within the ZOI showing how the
debris distribution shifts towards larger sizes further from the break.

Figure 4: Fiber flow paths for a three train plant (trains A, B, and C) in containment after ECCS
recirculation showing flow splits, γ, between total ECCS injection and ECCS.

are shown in Figures 4 and 5. Although different size particles are created from partially
destroyed fiberglass insulation strands within the ZOI (Figure 3), the smallest particles
that transport readily through the RCB are ‘fines’. Larger and partially destroyed LDFG
insulation either do not transport or quickly sink to the containment floor and remain
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Figure 5: Fiber flow paths through the reactor vessel following ECCS recirculation showing the additional
flow split (λ) to the core and the break.

there. Over time, water flowing through the RCB tends to erode some of the larger particles
captured outside of the ECCS sump into fine particles. Besides LDFG either destroyed or
eroded into fine particles, fine particles from tramp dust and dirt need to be taken into
account.

A break size and location define a scenario from which is derived the amount of LDFG
fines that arrive in the ECCS sumps. The methodology for examining many thousands
of possible break sizes, orientations, truncation of ZOIs, transport of fines, and erosion of
LDFG requires a computational framework implemented on a computer.

3.1 Computer implementation of debris generation & transport

As mentioned previously, generation, transport and erosion of LDFG fines requires a com-
putational framework implemented on a computer. Alion Science & Technology (2015)
has developed a generalized computer implementation inside of CASA Grande that uses a
STP plant-specific CAD model of the RCB. The methodology used to obtain the amount
of LDFG fines generated and transported to the STP RCB recirculation pool for each
postulated break is described in the following sections.
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Figure 6: Simplified arrangement of the reactor system, ECCS and CSS with flow directions shown during
normal operation for the intact plant and flows in the emergency systems when demanded. The arrangement
has been distorted so the flows and equipment can be seen. Shown as well are flow paths from hypothesized
breaks out to the ECCS sump.

The computational framework for calculating fibrous debris generation inside of
CASA Grande can be summarized in three items:

1. Importing CAD geometry,

2. Line of sight grouping of voxels that can be seen by each weld location that are not
shadowed by concrete, and

3. Insulation debris generation for each weld location based on scenario specific break
size.

3.1.1 Import of CAD geometry

There are three types of geometry files that are imported into a CASA Grande simulation
for use in the insulation debris generation routines:

1. pipe extract insulation data files,

2. equipment insulation text files, and

3. concrete STL files.
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These three types of geometry files and descriptions of how they are imported and used
in the CASA Grande debris generation routines are described below.

Pipe extract insulation data Pipe data are extracted from the piping assembly in
the 3D containment CAD model using a proprietary AutoDesk Inventor add-in (created
by AutoDesk for Alion). The data include all information about piping and piping insula-
tion needed to rebuild the piping insulation geometry numerically inside of CASA Grande.
Specifically, pipe extract insulation data includes pipe segment lengths, pipe names, pipe in-
sulation types, Cartesian coordinates of extracted points on pipe centerlines (Work-Point),
bend radii of extracted Work-Points, inner and outer diameters of insulation shells, and
Work-Point types (i.e. valve, hangar, weld, etc.). An example of a pipe segment in a pipe
extract insulation input file is Table 1.
Table 1: Pipe Extract insulation data file example. The data include three header records and pipe work
point data in columns: Inventor Ipart (.ipt Name), work point ID (Point), Cartesian coordinates (X, Y, and
Z), bend radii (Rad), inner insulation shell diameter (ID), outer insulation shell diameter (OD), and work
point type (WP).

extracted data
12-11-26 South Texas Plant.iam
Number of Points = 26. Number of Straights = 9. Unit of Length = Inches.
.ipt Name Point X Y Z Rad ID OD WP
30MS-1002-GA2 [NUKON]:1 0 -137.14 369.14 1404.88 0 32.75 38.75
30MS-1002-GA2 [NUKON]:1 1 -137.14 369.14 1441.89 0 32.75 38.75 WELD
30MS-1002-GA2 [NUKON]:1 2 -137.14 369.14 1496.75 49.12 32.75 38.75
30MS-1002-GA2 [NUKON]:1 3 -193.84 367.73 1496.75 0 32.75 38.75 FW0060
30MS-1002-GA2 [NUKON]:1 4 -301.05 365.07 1496.75 49.12 32.75 38.75
30MS-1002-GA2 [NUKON]:1 5 -301.05 365.07 1420.97 0 32.75 38.75 WELD1
30MS-1002-GA2 [NUKON]:1 6 -301.05 365.07 1271.75 0 32.75 38.75 FW0002
30MS-1002-GA2 [NUKON]:1 7 -301.05 365.07 1202.25 0 32.75 38.75 HL5016
30MS-1002-GA2 [NUKON]:1 8 -301.05 365.07 1173.99 0 32.75 38.75 HL5015
30MS-1002-GA2 [NUKON]:1 9 -301.05 365.07 1148.88 0 32.75 38.75 HL5009
30MS-1002-GA2 [NUKON]:1 10 -301.05 365.07 1047 49.12 32.75 38.75
30MS-1002-GA2 [NUKON]:1 11 -343.48 407.5 1047 0 32.75 38.75 HL5008
30MS-1002-GA2 [NUKON]:1 12 -386.54 450.55 1047 0 32.75 38.75 WELD2
30MS-1002-GA2 [NUKON]:1 13 -417.99 482.01 1047 49.12 32.75 38.75
30MS-1002-GA2 [NUKON]:1 14 -461.28 438.72 1047 0 32.75 38.75 WELD3
30MS-1002-GA2 [NUKON]:1 15 -489.05 410.95 1047 0 32.75 38.75 HL5006
30MS-1002-GA2 [NUKON]:1 16 -613.41 286.59 1047 0 32.75 38.75 FW0004
30MS-1002-GA2 [NUKON]:1 17 -660 240 1047 49.12 32.75 38.75
30MS-1002-GA2 [NUKON]:1 18 -660 120 1047 49.12 32.75 38.75
30MS-1002-GA2 [NUKON]:1 19 -660 120 986.02 0 32.75 38.75 HL5001
30MS-1002-GA2 [NUKON]:1 20 -660 120 964.3 0 32.75 38.75 HL5002
30MS-1002-GA2 [NUKON]:1 21 -660 120 801 49.12 32.75 38.75
30MS-1002-GA2 [NUKON]:1 22 -721.12 120 801 0 32.75 38.75 FW005A
30MS-1002-GA2 [NUKON]:1 23 -834.94 120 801 0 32.75 38.75 FW0006
30MS-1002-GA2 [NUKON]:1 24 -849.94 120 801 0 32.75 38.75
30MS-1002-GA2 [NUKON]:1 25 -957.94 120 801 0 32.75 38.75
Point to Point Length: 1748.53

The data from each pipe segment in the Pipe Extract insulation file are read into
CASA Grande and used to create a numerical reconstruction of the piping insulation with
volume elements called voxels; where each voxel’s volume is modeled to reside at its center
point. The user can specify the numerical resolution of the piping insulation reconstruction
(with voxels) in the CASA Grande simulation by defining linear resolution and number of
azimuthal bins in the simulation input deck (Listing 1).
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Figure 7: Illustration of insulation discretization on piping. The discretization is defined in input as shown
in the input fragment in Table 1

Listing 1: Input fragment for defining piping insulation discretization

% -------------------------------------------------------------------------------
’’Spatial Resolution for Discretizing Insulation’’
% -------------------------------------------------------------------------------
% (must repeat weld target sort if these are changed)
% (delete all master files and rerun with new delL and Nangbin)

% Linear Resolution (inches)
6

% Azimuthal Bins in 2 Pi Radians on Pipes
12

\% -------------------------------------------------------------------------------

An example of how the piping discretization works for a straight pipe is illustrated in
Figure 7. The illustration shows how the insulation is discretized on the pipe. Also shown
is the way the ZOI interacts with the voxels defined by azimuthal and linear parameters.
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The pipe actually appears transparent in the ZOI (spherical or hemispherical) and if the
center-point of the voxel is within the ZOI the entire insulation volume within the voxel is
assumed destroyed.

Equipment extract data Equipment insulation voxels are defined differently than the
piping because equipment shapes may be fairly arbitrary as compared to pipes. Therefore,
equipment voxels are defined in files with X, Y, Z coordinates defining the center of a voxel
having volume, V and insulation type (as appropriate).

The simplicity of the equipment insulation definition files allow them to be created in a
text file or spreadsheet. The STP equipment definitions were created from high-resolution
STL exports of equipment insulation from the CAD software. The STL files were pre-
processed to supply the necessary Cartesian coordinate data.

Concrete STL file The concrete input file is a STL data file containing all CAD-defined
plant concrete structure geometry and is used to represent robust barriers (insulation shield-
ing) in the insulation destruction computations. The STL data file is interpreted as a col-
lection of surface triangle faces (facets) and respective unit surface normal direction vectors
in three-space such that the line-of-sight can be defined from the ZOI point of origin. The
CAD generated STL files resolve detailed features such as door casings and cylindrical pipe
penetrations. All surfaces defined as robust barriers in the concrete input file are used to
truncate ZOIs centered on weld locations. Insulation shielding by large equipment such as
the steam generators and RCPs is not credited in the STP CASA Grande debris generation
calculation.

3.1.2 Line of sight calculations

Before debris generation is calculated for varying break sizes at each weld location, a line
of sight grouping of insulation not shadowed by concrete is performed. These computations
analyze each weld location and save the insulation voxels that are not shadowed by concrete
along with their associated spatial location and volume information in a voxel packet
specific to each weld. This step organizes visible (non-shadowed) voxels into weld specific
voxel packets that make ZOI calculations of destroyed insulation faster during simulations
over all weld locations in containment

3.1.3 Weld location based debris generation

After CAD geometry is imported and line of sight voxel computations are performed, weld
location-based insulation debris generation can be calculated for scenario specific break
sizes. Each scenario specific break is numerically represented by either a spherical ZOI for
double-ended guillotine breaks (DEGB) or by a hemispherical ZOI for partial breaks. For
both spherical and hemispherical breaks, the individual voxel center point locations from
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the voxel packet (Section 3.1.2) for the scenario-specific weld location are compared to the
spherical or hemispherical ZOI centered on the current weld location for interference. Any
insulation voxel with a centerpoint voxel from the weld specific voxel packet that is inside
the ZOI is counted as destroyed, and all destroyed voxels are summed for each insulation
debris type to yield total insulation generation for the analyzed break scenario. User-defined
ZOI sizes for each insulation type are properly applied during the debris generation process.

3.2 Fine fiber debris sources

There are four sources of fine fiber debris that must be considered for each break scenario
modeled for STP: Nukon®, Thermal-Wrap®, and latent fiber (Alion Science & Technology,
2008). Note that the fixed amount of latent fiber specified as input for the plant is applied to
every break scenario and that Nukon®, Thermal-Wrap® generation is scenario specific. The
ZOI sizes and insulation debris size distributions used for the CASA Grande computations
of each modeled fiber type at STP are described in this section.

Insulation specific ZOIs Each of the three insulation types, mentioned in Section 3.2
analyzed for fiber fine destruction in the STP RoverD methodology, have individually
defined ZOIs based on jet testing. The maximum ZOIs used for each of the STP fiber-
producing insulation types are summarized below in Table 2 and are based on the standard
deterministic approach promulgated by NEI (2004, Volume 1 and 2).

Table 2: Summary of the ZOIs for fiber-producing insulation

Insulation Type ZOI
(

radius
break diameter

)
Reference

Nukon® 17.0 (NEI, 2004)
Thermal-Wrap® 17.0 (NEI, 2004)

In the way previously illustrated in Figure 3, the ZOIs for Nukon® and Thermal-
Wrap® insulation are shells with different percentages of debris sizes created within each
shell. Along with fiber fines produced, debris sizes are calculated from each shell for small
pieces, large pieces, and intact blankets (Alion Science & Technology, 2009).

Fibrous latent debris sources The bounding latent debris mass of 200 lbm as sug-
gested by NEI (2004, Volume 1), was used as the latent debris source for the STP evaluation.
fifteen percent (30 lbm) of the 200 lbm latent debris was introduced as fiber fines based
on the safety evaluation report promulgated by NEI (2004, Volume 2) (15% fiber and 85%
particulate by mass).

Destroyed volume mass All destroyed insulation volume was converted to mass using
the manufactured densities :
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• Nukon® 2.4 lbm
ft3 (NEI, 2004, Volume 1)

• Thermal-Wrap® 2.4 lbm
ft3 (NEI, 2004, Volume 1)

• Microtherm® 15 lbm
ft3 (Alion Science & Technology, 2014b)

Figure 8: Schematic representation of the transport logic tree used to obtain the mass of fiber fines
transported to the RCB sump.

3.2.1 Fiber fines debris transport

Once the amounts and distributions of fiber types are known, a transport logic tree, Fig-
ure 8, is used to arrive at the amount of fiber distributed to various areas of the RCB. Only
fiber fines generated from the break are analyzed this way, the other two sources of fiber
fines, latent fiber and eroded fiber, are transported directly to the sump. The transport
fractions are representative of a break in the Steam Generator compartment, which bound
transport fractions that would represent other possible break locations in the RCB.

Fiber fines from the ZOI The majority of fiber fines (98.5%) destroyed from insula-
tion in the ZOI are transported to the containment pool. The other 1.5% of debris not
transported to the RCB sump is trapped in inactive cavities during pool fill. The transport
modes and their contributing fractions to the RCB sump for ZOI-generated fiber fines are
described below.

Blowdown Fiber fines were initially calculated to be blown to upper and lower con-
tainment at 30% and 70%, respectively (Alion Science & Technology, 2014a). The
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percentages blown to upper and lower containment were calculated as volume frac-
tions taken as ratios of the open containment volume in upper containment and
lower containment compared to the total open containment volume. This proportion
of fibrous fines transport was assumed (Alion Science & Technology, 2014a) to be
reasonable because fine debris generated by the LOCA jet would be easily entrained
and carried with blow down flow.

Wash Down All (100%) of the fiber fines blown to upper containment is washed down
and homogenized in the containment pool. Note that wash down fractions from upper
containment were split between the “Inside Secondary Shield Wall” and “Annulus”
compartments; because both of these compartments are at the pool level, and because
fine debris was assumed homogenized, these fraction are inconsequential except for
their combined total which is 100%.

Pool Fill 5% of the fiber fines transported to lower containment during blow down is
trapped in inactive cavities. This pool fill transport fraction of 5% is less than the
NEI (2004) SER suggested maximum inactive cavity pool fill transport fraction of
15%. Although 6% of the debris blown to lower containment was calculated to arrive
on strainers early as a function of initial sheeting flow, this only affects debris arrival
timing in a full CASA Grande calculation and does not affect the total fraction that
can reach the strainers. The RoverD methodology depends only on the amount of
fine fiber introduced to the containment pool.

Recirculation All fibrous fines were assigned a conservative recirculation transport frac-
tion of 100%. CFD calculations were not used to predict the amount of fines that
may settle on the pool floor. One hundred percent transportability exceeds the fine
fiber introduced to the containment pool for each analyzed break scenario and the
amount of fine fiber introduced by AREVA (2008) in the flume test. Credit for real-
istic settling is an inherent part of the test conditions.

Eroded fines Three types of erosion were considered for small and large pieces of fibrous
debris held up on containment structures:

1. CSS spray flow

2. Break flow

3. Pool recirculation (Alion Science & Technology, 2014a)

The percentage of small and large fibrous insulation pieces eroded into fines as a result
of CSS flow is assigned the maximum value of 1% as found by Rao et al. (1998). The
percentage of small and large pieces eroded into fines by break flow is negligible in the
STP RCB since debris is blown away from the break location. Based on Alion Science
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& Technology (2011) testing that shows a maximum of 7% of small and large fibrous
insulation pieces erode to fiber fines in 30 days of testing fibrous erosion by recirculation
flow, 7% are eroded to fines. Total fractions of small and large fibrous debris held up on
containment structures, their corresponding erosion fractions and resulting total fiber fines
transport fractions homogenized in the containment pool have been provided in Table 3.

Table 3: Erosion modes and erosion percentages summary of smalls and large pieces eroded to fines.

Insulation Size Erosion Mode Held Up Fraction Erosion Fraction Total Fines from Pieces

Small Pieces Spray 36.5% 1.0% 0.4%
Recirculation 23.8% 7.0% 1.7%

Large Pieces Sprayed 100.0% 1.0% 1.0%
Recirculation 0.0% 7.0% 0.0%

3.3 Fiber collection in the ECCS

A flow network that approximates the transport and capture of debris in containment in
a CLB is shown in Figure 9. The primitive data for this system are: (1) time-dependent
flows Qs(·) and Qc(·), (2) scalars Vp, Mp(0), and γ. The flows are time-dependent due
to the influence of Qc on λ. Qc as a function of time is obtained from a table and is
governed by the decay heat level. Table 4 lists the first few entries in the table. Given
these model primitives, an analysis of the time-dependent accumulation of debris on the
strainer, core, and in the pool can be performed. These functions are governed by a set of
non-linear differential equations. The non-linearity arises due to the filtration function, as
shall become apparent in the following.

Table 4: Example of the first few flows that would result from a decay heat load in a 40K MWd/MTU
exposure assuming 3853 MW operation history. Note that the time is not shifted to account for delay to
start of recirculation following LLOCA

Hour Flow Hour Flow
(gpm) (gpm)

0 2141.1 0.0125 1467.4
0.0025 2141.1 0.015 1401.1
0.005 1964.3 0.0175 1352.5
0.0075 1718.6 0.02 1314.1
0.01 1564.8 0.0225 1281.8

3.4 Mass conservation

The transportable debris from the hypothesized LOCA moves down into the containment
annulus forming a pool of water (Figure 6). The initial concentration of debris in the
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Figure 9: Flow network for the three STP ECCS and CSS trains showing the three places debris is caught:
the pool, the strainer, and the core during a CLB scenario. Shown as well are the various flow splits that
take place between the places debris is caught. The flow split λ is defined by the amount of flow demanded
by the core to remove decay heat.

containment water pool is Cp(0) = Mp(0)
Vp

. At the start of the ECCS recirculation phase,
we assume all the transportable debris is in the pool. Hence, there is none on the strainer
or the core (Ms(0) = 0 and Mc(0) = 0). The rate of accumulation of the debris on the
strainer and the core is almost entirely governed by the amount of fiber that penetrates
the strainer and is subsequently transported to the core as a result of the core flow rate.
The governing conservation equations are:
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d

dt
Mk
s (t) =Qks(t)Cp(t)f(Mk

s (t)), (1a)

d

dt
Mc(t) =Qc(t)Cp(t)

∑
k

[(
1− f(Mk

s (t))
) (

1− γk
)
Qks(t)

]
∑
k [(1− γk)Qks(t)]

, (1b)

0 = d

dt
Mp(t) + d

dt

∑
k

Mk
s (t) + d

dt
Mc(t), (1c)

where k is the strainer index. Wherever k appears the index is taken over all the values in
{A,B,C}, i.e., the three strainers. The initial conditions and boundary conditions are:

1. f(Ms) is a fraction between 0 and 1 Figure 10, dependent on the amount of mass on
the strainer (Ogden et al., 2013, Figure 13)1,

2. Qs(·) should be treated generally as a function of time to model pumps turning on
and off (discrete tabular function),

3. Qc(·) is a known function of time (discrete tabular function based on decay heat
demand),

4. Vp is a given constant value for any particular scenario,

5. The initial mass on the core is Mc(0) = 0,

6. The initial mass in the pool, Mp(0), is given,

7. And Cp(t) = Mp(t)/Vp.

3.5 Results

(1a) to (1c) are integrated in an application designed by Zolan et al. (2015a) to provide
solutions for different initial conditions and boundary conditions supplied in simple text
files. Sensitivities are performed to ensure that the fiber limit of 15 gm/FA is not exceeded
when the tested amount of fine fiber is present in the containment pool. Sensitivities are
performed for expected and design basis (two trains) operation.

Analysis has shown that the maximum fiber accumulation is realized when the core
flow is approximately the same as the ECCS flow. Results for cases over large ECCS flow
variations for normal and two train operation are presented.

1Ogden et al. (2013) used test data from measurements performed on one of the 20 strainer modules
in each STP ECCS train. As a consequence, the data must be scaled to the full strainer area (scaled by a
factor of 20) when applied to the full plant.
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Figure 10: Filtration efficiency fits as a function of mass compared to measured data for the STP ECCS
strainer modules. Efficiency fits obtained for the upper, central, and lower limits of the measurements are
compared to the measured data.

3.6 Sensitivity analysis

The amount of fiber bypassed to the core is primarily dependent on the initial sump pool
concentration, Cp(t = 0), the filtration efficiency, f(·), and the decay heat demand, Qc(t)
which is assumed to be a fixed function of time. The pool concentration is defined by the
amount of LDFG arriving in the ECCS sump pool for each Dsmall

i and the pool volume.
The filtration efficiency is based on data with uncertainty (Figure 10).

Uncertainty associated with the variables, Cp(t = 0) and f(·) is evaluated by looking at
lower and “upper bound” values for the variables. The threshold amount of LDFG fines in
all the risk-informed scenarios (Table 18) is approximately 192 lbm (the amount tested).
Assuming the total amount of LDFG transported to the sump is double the amount of
fines, an upper bound for fiber mass in the pool for risk-informed scenarios would be about
550 lbm (note that smalls don’t fully transport to the strainer). A reasonable upper pool
volume limit is approximately 550,000 gal and reasonable lower limit is approximately
300,000 gal.

3.7 Sensitivity studies for two train cases

When the ECCS flow is closer to the core flow (CLB), more fiber is accumulated on the core
than for when the ECCS flow is much higher than the core flow. Cases where the ECCS
flow is close to the core flow would be two train cases where the only pumps operating are
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Table 5: Core mass accumulation for bounding cases of initial ECCS sump pool fiber concentration Cp(t =
0) and upper and lower bounds of filter efficiency.

Cp(t = 0) gm/GAL lower:f(Mk
s (t = 150 min.)) upper:f(Mk

s (t = 150 min.))
High (0.832) 441 (gm) 247 (gm)
Low (0.158) 400 (gm) 241 (gm)

Figure 11: Comparison of bounding cases for core LDFG accumulation after start of ECCS recirculation.
The mass accumulation should be divided by 193 to obtain gm/FA.

the LHSI. Summarized in Table 6, a sensitivity study shows that, even at the lowest flow
possible for success (one LHSI train operating),�15 gm/FA accumulates on the core. The
sensitivities were run without CSS flow with the exception of the design configuration (2
trains of LHSI, HHSI, and CSS). CSS flow reduces the amount of fiber that gets downstream
because the CSS flow is recirculated through the strainer (refer to Figure 9, Page 15).

The sensitivity study shows an interesting behavior for the case where just one train
of LHSI is operating. Even though the total flow is greater in the single train LHSI case
than in the one-half single HHSI train and single HHSI train cases, the amount of fiber
accumulation is less in the single LHSI case. The greater surface area exposed with two
trains in operation combined with lower flow through each strainer results in significantly
more bypass to the core.
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Table 6: Sensitivity of core fiber buildup to total ECCS flow. The “Plant state” column represents the
nominal plant configuration for the flows in the column “Total ECCS flow”. The Plant state ‘2 CSS 2 LHSI
2 HHSI’ most closely approximates a two train design configuration. The case in bold face is the nominal
STP two train design case that includes two CSS trains with the two trains of ECCS resulting in higher
strainer flow (Qs).

Plant state (approx.) Total ECCS flow Core fiber (gm) Core fiber (gm/FA)
Half HHSI flow 800 2400 12.4
0 LHSI 1 HHSI 1600 1344.5 7.0
1 LHSI 0 HHSI 2800 799.5 4.1
0 LHSI 2 HHSI 3200 1327.3 6.9
1 LHSI 1 HHSI 4400 982.1 5.1
2 LHSI 0 HHSI 5600 791.7 4.1
2 LHSI 1 HHSI 7200 618.8 3.2
2 LHSI 2 HHSI 8800 511.3 2.6
2 CSS 2LHSI 2 HHSI 8800 339.8 1.8

4 LOCA frequencies
In general, the ECCS strainer may operate under several different plant states. Most of the
plant states tested will be congruent with deterministic assumptions on train availability
(plant states). In the risk-informed category of RoverD, scenarios associated with plant
states not tested would be relegated to failure, or could be assessed for risk based on their
risk contribution in a way similar to the states tested. Because different plant states may
need to be evaluated, depending on details associated with the test used in the RoverD
assessment, an additional step may need to be taken to account for plant states not tested.

As shown in Table 18, all breaks in the risk-informed category fall into the PRA LLOCA
category (the smallest break size is greater than 7 in.) Therefore, only the upper two elicited
intervals (7 in.–14 in., 14 in. – 31 in.) are required for frequency analyses. The pipe sizes
involved in the risk-informed category are 16 in. (nominal pipe size) and larger.

4.1 ∆CDF method development

A fundamental goal of the RoverD approach is to determine the total frequency of breaks
that fall into the risk-informed category. In a preprocessing step known as RoverD’s fetch
stage, CASA Grande runs are performed to identify all weld locations, with corresponding
break sizes, which produce more than the allowable amount of fiber fines.

With fetch completed, the RoverD approach has data that can be thought of as
ordered pairs consisting of a weld index and a break size. For now, assume that I weld
locations are in the risk-informed category and these locations are indexed by i = 1, . . . , I.
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Figure 12: The top down approach assigns equally-weighted frequency in intervals between pipe diameter
extents. As Dsmall

i becomes larger, the total number of welds in successive categories decreases.

Each weld location i then has a corresponding break size Dsmall
i which caused it to be

placed in the risk-informed category. It is possible that for a single weld, multiple break
scenarios caused it to be put in this category. If so, define Dsmall

i to be the smallest such
break size. That is, there is no break size smaller that can produce more fines than the
Dsmall
i at the corresponding weld.
Now, recall that the goal is to determine the overall frequency of events that generate

too many fiber fines. Two primary principles are adhered to in order to obtain the top-down
frequency:

1. In the limiting case for which every weld and every break above x is considered “bad”
(that is, at that break size, more fines come to the sump than were tested), Φ should
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equal to f(x), the NUREG 1829 exceedence frequency at x (for any given quantile
or mean),

2. In the top-down method, RoverD should depend on the number of welds in the
RoverD fetch file, for any (fixed) plant. In particular, Φ should increase if welds are
added to the set of “bad” welds.

For each weld i in the risk-informed category the goal is to determine the frequency of
breaks that exceed Dsmall

i . This is called F (Dsmall
i ) and is the frequency of unacceptable

events caused by that particular weld. Then, the overall frequency of unacceptable events
caused by breaks in the risk-informed category is simply the sum of these frequencies:

Φ =
I∑
i=1

F (Dsmall
i ).

In general, as shown in Figure 12, interpolation is required to obtain frequencies at
break sizes (that is, Dsmall

i ) and at pipe diameters other than those in Table 7. From
inspection (for example, Table 7), Tregoning et al. (2008) exceedence frequencies decrease
rapidly (at larger diameters, they decrease roughly logarithmically) with increasing pipe
size.

Log-linear and linear-linear interpolation methods were investigated for their behaviors.
Hasenbein (2015) shows that, for these naive log- and linear-based interpolation methods, a
linear-linear method will interpolate frequencies, φa and φb, for break size x in the interval
a and b, everywhere greater than or equal to log-based interpolation for the Tregoning et al.
(exceedence) data:

φx = φa + (φb − φa)
(x− a)
(b− a) . (2)

Based on its interpolation behavior, the linear-linear method is used for the ∆CDF deter-
mination of the scenarios in the risk category.

To explain the calculations, we first focus on a particular weld from Figure 12. In
particular, we examine Weld 5 in a pipe of category 1, which is denoted by D1. To determine
F (Dsmall

5 ), the goal is to be consistent with NUREG-1829. Any particular quantile value in
Table 7 may be used as the basis. For example, the PRA LOCA initiating event frequencies
are based on the mean value. Let f(Dsmall

5 ) be the exceedance frequency for a break of size
Dsmall

5 as implied by a selected quantile value in Table 7. In general, such a quantity must
be interpolated from the values in the NUREG-1829 categories.

Plant-wide, the frequency of breaks of size Dsmall
5 and larger is

f(Dsmall
5 ).
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Table 7: NUREG-1829 (Tregoning et al., 2008, Table 7.19) and NUREG-1829 (Tregoning et al., 2008,
Table 7.13) for the geometric (GM) and arithmetic averaged (AM) mean, median, 5th percentile, and 95th
percentile exceedence frequency values for current-day estimates STP PRA break sizes for small, medium
and large LOCA are, less than 2 in (small), 2 in to 6 in (medium), greater than 6 in (large).

NUREG-1829 Values, Table 7.19
Break Size (in) 5th Median Mean 95th
1
2 6.80E-05 6.30E-04 1.90E-03 7.10E-03
15

8 5.00E-06 8.90E-05 4.20E-04 1.60E-03
3 2.14E-07 3.4E-06 1.6E-05 6.1E-05
7 1.4E-08 3.1E-07 1.6E-06 6.1E-06
14 4.1E-10 1.2E-08 2.0E-07 5.8E-07
31 3.5E-11 1.19E-09 2.9E-08 8.10E-08

NUREG-1829 Values, Table 7.13
Break Size (in) 5th Median Mean 95th
1
2 4.20E-05 7.00E-04 3.00E-03 1.20E-02
15

8 5.00E-06 8.90E-05 4.20E-04 1.60E-03
3 1.30E-06 1.90E-05 7.30E-05 2.90E-04
7 6.90E-08 1.30E-06 9.40E-06 3.00E-05
14 9.90E-09 2.60E-07 2.40E-06 7.20E-06
31 5.90E-09 1.50E-07 1.50E-06 5.20E-06

Shown down the right side of Figure 12 are categories defined by increasing pipe sizes.
We define Cat(Dsmall

i ) as 0 < D1 < D2 < . . . < Dj−1 < Dsmall
i < Dj . . . < Dn−1 < Dn,

Cat(Dsmall
i ) = j. Every weld that can experience a break of sizeDsmall

5 or larger contributes
to the overall frequency. Referring to Figure 12, Dsmall

5 falls into Category 1. Hence, it is
deduced that:

F (Dsmall
5 ) = f(Dsmall

5 )
TW1

,

where TWn for Category n is the total number of welds in pipes of this category or larger.

For a pipe in category 2, the calculation is similar. However, it should be noted that
the denominator in the equation above depends only on the size of the break and not the
category of pipe in which the weld resides. So, for Weld 7 in pipe category 2, Dsmall

7 is
smaller than D1. In this case, the frequency of a break of size Dsmall

7 is

F (Dsmall
7 ) = f(Dsmall

7 )
TW1

.
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For Weld 11, it is

F (Dsmall
11 ) = f(Dsmall

11 )
TW2

.

Now for any weld i in pipe category n with a smallest break size Dsmall
i a general formula

can be written:

F (Dsmall
i ) = f(Dsmall

i )
TWCat(Dsmall

i )
. (3)

Cat(Dsmall
i ) is the pipe category corresponding to Dsmall

i . For example, if Category 1 is
1-inch pipes and Category 2 is 2-inch pipes, then for a break of 1.75in, Cat(1.75in) = 2.

Now, let Rn be the set of all welds which are in the risk-informed category and are
associated with pipes of category n. Then, the frequency of unacceptable events due to
weld breaks in pipes of category n can be written as:∑

i∈Rn

F (Dsmall
i ).

Finally, the overall frequency of events in the risk-informed category is given by:

Φ =
NP∑
n=1

I∑
i∈Rn

F (Dsmall
i ). (4)

Zolan et al. (2015b) implemented (4) in an application that takes as input the appropriate
table from Tregoning et al. (2008), the plant weld inside diameters, and the Dsmall

i for each
risk-informed scenario and provides Φ evaluated for the quantiles and mean frequencies
from Tregoning et al. (2008) data supplied.

4.2 Plant states not tested

The ECCS debris screen testing considers two trains operating, one train idle, to be con-
sistent with deterministic design assumptions. The more likely case (not tested) is three
trains in operation in which case the debris would be spread over three ECCS strainers. It
is clear that the three train case is bounded (in terms of debris loading) by the two train
case.

The limiting single ECCS/CSS train operation is when all pumps are operating on one
ECCS strainer. For example, if one aclhsi was operating on one strainer and one HHSI was
operating on a different strainer, the maximum loading on each strainer would be less than
if both pumps operated on the same ECCS strainer. If the CSS were to be operating on the
third strainer, approximately one third of the debris would load on the that (third) strainer
without passing to the RCS. However, in a risk-based assessment, single train operation is
possible and for certain scenarios, single train operation is assessed to go to success in the
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PRA. In the STP ECCS design, single train operation would result in twice the debris load
on the operating strainer. Therefore, the breaks that could be tolerated would be those
with one half the tested (two-train operation) debris load.

The break frequency description above would apply in the same way to the single train
operation, but would clearly result in higher frequencies due to the increased debris load.
To account for the increased risk, (4) could be assessed for the cases where two or three
trains are operating (cases either tested or bounded by the test) and assessed again for
the untested case (single train operation) with the higher frequency. For example, if f2 is
the success frequency for two or more trains operating and f1 is the success frequency for
single train operation, (4) can be rewritten to accommodate the total frequency, Φ̂, for
both operating states:

wj = fj∑
j fj

; j = 1, 2, (5a)

Φj =wj
NP∑
n=1

I∑
i∈Rn

F (Dsmall
i ), (5b)

Φ̂ =
∑
j

Φj . (5c)

In later sections it is shown that pipe break sizes exceeding the amount of fines tested fall
only within the large break LOCA range of sizes; that is, greater than the equivalent 6
inches in diameter. In referring to the number of trains of ECCS pumps operating following
a LLOCA it is important to consider all the applicable pump types; that is HHSI, LHSI,
and containment spray pumps. Since the spray pumps are eventually shut down after swap
over to recirculation and the HHSI pumps are of much lower capacity, the frequencies of
ECCS trains operating is evaluated on the status of the LHSI pumps only. Therefore f1 (for
single train operation) is computed as the sum of all pump state frequencies in which exactly
one LHSI pump is operating, regardless of the status of the HHSI or containment spray
pumps. Similarly, f2 (that is for two or more trains in operation) is based on the sum of all
pump states in which 2 or 3 trains of LHSI pumps are operating, again, regardless of the
number of HHSI pumps or containment spray pumps operating. For both computations,
only those pump states in which the large break LOCA is successfully mitigated in the
absence of GSI-191 phenomena are tracked. There are no success sequences in which zero
LHSI pumps operate. The results for f1 and f2 are provided below in Table 8.

4.3 LERF

Because operation of the STP RCFCs is not dependent on the sump status, and because
they are designed to remove decay heat and maintain RCB contamination limits within
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Table 8: Summary of success frequencies (sums) for sequences where pumps for two or more LHSI pumps
and sequences where a single LHSI pump is operating.

LHSI Operating train Condition Success Frequency per year
f2 4.16E-06
f1 1.55E-09

design limits, the concerns raised in GSI-191 would not result in new early containment
failure modes.

Contributors to large early containment failure modes may include the following:

1. Containment bypass paths (including interfacing system LOCAs, steam generator
tube rupture initiating events, and induced steam generator tube ruptures).

2. Containment isolation failures.

3. High pressure melt ejection phenomena.

4. Core debris impingement on containment (if applicable).

5. Reactor vessel and containment venting (if applicable).

6. In-vessel steam explosions leading to containment failures (alpha mode failures).

7. Hydrogen burns leading to early containment failure.

The following considerations are included in the STP RCB early failure analysis:

1. For STP, GSI-191 phenomena are only applicable for break sizes in the LLOCA
range; that is, greater than 6 in equivalent diameters. Since GSI-191 phenomena are
only relevant for LLOCAs, containment bypass paths are not applicable.

2. Containment isolation failures are still applicable but of extremely low frequency.
GSI-191 phenomena do not impact the reliability of containment isolation.

3. High pressure melt ejections are not applicable for LLOCAs.

4. Core debris impingement on the containment wall is not applicable to STP.

5. Containment venting features are not applicable to the STP design.

6. In-vessel steam explosions are applicable to GSI-191 scenarios but are of low prob-
ability. GSI-191 phenomena do not impact their probability of causing containment
failure.
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7. Hydrogen burns leading to early (that is within 4 hours) containment failure are
applicable to GSI-191 scenarios, but again are of low probability. Immediately fol-
lowing a LLOCA blowdown, the containment atmosphere is steam inerted. The low
RCS pressure conditions following a LLOCA preclude induced interfacing systems
LOCAs or induced steam generator tube ruptures. For early flammable conditions,
the condensation of steam within containment must occur within 4 hours. Contain-
ment spray is very likely to occur during the injection phase but may be lost after
switchover to recirculation due to GSI-191 phenomena. Because spray during injec-
tion is likely available and the RCFCs are likely to operate throughout the scenarios,
the Level 2 model for the STP PRA Revision 7.1 assumes that the steam will be
condensed early; that is within 4 hours of the break.

In summary, the early containment failure modes applicable for GSI-191 phenomena are
containment isolation failures, in-vessel steam explosions, and early hydrogen burns. The
first two are unaffected by GSI-191 phenomena and the last one is conservatively modeled
in the PRA in that the containment is assumed deinerted whenever spray injection or
recirculation is available. Since STP has three trains of containment spray, containment
spray during the injection phase is highly likely.

4.4 ∆LERF scenario development and estimation

For estimation of the ∆LERF given ∆CDF due to GSI-191 phenomena, one is tempted to
estimate the conditional probability of LERF given CDF by just taking the ratio of the
LLOCA LERF to LLOCA CDF without consideration of GSI-191 phenomena. However,
to ensure that GSI-191 specific scenarios are appropriately considered, a slightly modified
approach is used. A sensitivity calculation for LLOCAs is performed in which sump recir-
culation is always assumed failed by strainer plugging; that is, as if GSI-191 always caused
core damage. The results for a sequence with cutoff of 1E-16 per calendar year are provided
below in Table 9.

Table 9: Sensitivity results for large early release given LLOCA with sump strainer plugging assumed as
always failed

Core Damage Frequency 4.183E-06 per calendar year
Large Early Release Frequency 1.044E-08 per calendar year
Conditional probability of Large Early release 2.5E-3

The conditional probability of a large, early release given core damage due to GSI-191
phenomena, P(large early release|core damage), can be estimated as:

P(large early release|core damage) = LERFLLOCA with SUMP=F
CDFLLOCA with SUMP=F

= 2.5E-03.
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The change in LERF associated with the change in CDF from scenarios involving GSI-191
phenomena can then be evaluated from:

∆LERF = (∆CDF) {P(large early release|core damage)} = (∆CDF) ( 2.5E-3). (6)

The main contributors to large early release from this sensitivity were found to be early
hydrogen burns and in-vessel steam explosions (i.e., alpha mode).

4.5 Results

STP has two Cases (single train and two or more trains) other than the condition tested
(AREVA, 2008) that are bounding for fine fiber amounts. The tested deterministic case
assumed two of the three STP ECCS strainers in operation (single failure criterion). Two
or more trains is the most likely case when all three strainers are in operation. In this case,
far less fiber will accumulate on each strainer than for the tested case. Therefore, two or
more trains is bounded by the tested case.

However, the single train case corresponds to a case where only one train of the three
STP ECCS strainers are in operation. Although this case is beyond design basis, it needs
to be considered in the risk analysis since at least twice as much fiber would accumulate
on the single strainer than when two or more strainers are in operation. In this case, only
1/2 the tested amount of fine fiber can be assumed to be tolerated.

4.5.1 ∆CDF results

When all cases are considered using (5), a slightly higher ∆CDF is estimated than when
two (or more) strainers are assumed in operation (design basis configuration). Table 10
summarizes the ∆CDF estimate for geometric and arithmetic averages from Tregoning
et al. (2008). The frequencies for the bounding cases are f2 = 3.32E − 6yr−1 (Case 1) and
f1 = 4.34E − 8yr−1 (Case 2). As shown, the median ∆CDF is within Region III of the
Regulatory Guide 1.174 evaluation (� 1.0E − 06). Interpolation of Table 7 is done using
the linear-linear method, (2).

As shown in Table 10, only the 95th percentile of the arithmetic mean estimate exceeded
the Region III criterion in (NRC, 2011). As described in the letter to the NRC dated May
22, 2014 (ML14149A434), the geometric method of aggregation is the most appropriate
estimator of LOCA frequency from (Tregoning et al., 2008).

4.5.2 ∆LERF results

The results for the ∆LERF are summarized in Table 11. These results are obtained by
applying the LERFconditional probability GSI-191 to the results in Table 10 for ∆CDF.
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Table 10: Case 1 and Case 2 results for geometric (GM) and arithmetic (AM) aggregations of Tregoning
et al. (2008, Tables 7.13 and 7.19) data. Frequencies are in events/yr. Also shown are the results for a
DEGB-only model for the locations that go to failure.

Continuum Break Model
Quantile Case 1 GM Case 1 AM Case 2 GM Case 2 AM Φ̂ (GM) Φ̂ (AM)
5th 2.73E-10 6.59E-09 4.61E-09 2.79E-08 2.75E-10 6.60E-09
50th 7.78E-09 1.71E-07 1.04E-07 5.72E-07 7.82E-09 1.71E-07
95th 3.59E-07 4.86E-06 2.22E-06 1.42E-05 3.60E-07 4.86E-06
Mean 1.23E-07 1.59E-06 6.09E-07 4.49E-06 1.23E-07 1.59E-06

DEGB-Only Model
5th 9.83E-11 8.18E-09 1.28E-09 1.70E-08 9.87E-11 8.18E-09
50th 2.86E-09 2.07E-07 2.97E-08 3.98E-07 2.87E-09 2.07E-07
95th 1.48E-07 7.06E-06 7.51E-07 1.22E-05 1.48E-07 7.06E-06
Mean 5.12E-08 2.06E-06 2.20E-07 3.64E-06 5.13E-08 2.06E-06

Table 11: ∆LERF evaluation for geometric and arithmetic means of the Continuum and DEGB-only
models

Model ∆LERF using φ (GM) ∆LERF using φ (AM)
Continuum break model 3.08E-10 3.98E-09
DEGB-only 1.28E-10 5.15E-09

5 RCS Thermal-hydraulics
Section 3 is a description of the debris generation and transport in the RCB. In the follow-
ing, the RoverD thermal-hydraulic calculations for the RCS and RCB response to LOCA
are solved for mass, momentum and energy as well as heat transfer from bodies in the flow
fields. The RoverD thermal-hydraulic calculations are carried out much differently than
the solutions described in Section 3.

Although solved for in a different domain, effects of the presence of transported de-
bris must be considered to simulate or bound important state variable responses in the
thermal-hydraulic domain. This objective can be met using analytical insights along with
experimental evidence for thermal-hydraulic performance with debris present. In the fol-
lowing, thermal-hydraulic RoverD calculations are described that accurately simulate or
bound the response of important state variables in the presence of debris.

During an hypothesized LOCA, flow discharged from the break may depressurize the
RCS to the point the SI is actuated and pumping equipment as well as passive systems are
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Table 12: ∆LERF evaluation for geometric and arithmetic means of the Continuum and DEGB-only
models.

Model ∆LERF using Φ̂ (GM) ∆LERF using Φ̂ (AM)

Contiuum break model 1.22E-10 1.59E-09
DEGB-only model 5.32E-11 2.08E-09

made available to supply water to the RCS. Depending on the LOCA size hypothesized, the
SI may begin injecting water immediately into the cold leg injection point (see Figure 6 on
page 7) or may begin after the operators start controlled cool down and depressurization.

Depending on the break location and size, in the hot leg or in the cold leg, more (or
less) debris will collect in the core fuel assemblies. When located in the hot leg, large breaks
pull the water up through the core. In a large cold leg break, much less water, only that
required to balance decay energy release, flows up into the core and the rest flows out the
break (see Figures 4 and 5 on page 5).

Initially flow from the RWST is supplied free of the debris produced by the hypothesized
LOCA. If the operators can’t cool down and depressurize the plant before the RWST
empties, the ECCS is switched to the recirculation mode. In this mode, there is potential
for debris that may pass through the ECCS sump screens to partially or fully block the
core fuel channels and other paths, especially core bypass paths, through the reactor vessel.

Powell (2015a, NRC ADAMS reference number ML14009A307) presents the studies of
the behavior of the RCS for scenarios where the fuel channels and the core bypass flow
paths are fully blocked immediately upon start of the ECCS recirculation phase. In the
calculations transmitted, Powell (2015a) showed that, unless the LOCA is large and located
on the cooling water return side (cold leg) of the RCS, then debris blockage is not a concern.

As summarized in the following, Powell (2015a) showed that, for the STP reactor design,
an infinite level of blockage starting from the time of ECCS recirculation phase in HLBs
and small CLBs can not result in fuel overheating. Therefore, debris blockage is bounded
for all HLBs and all SLOCA for the STP reactor design (Powell, 2015a; Vaghetto and
Hassan, 2013) and (Powell, 2015b, Page 14, Fidelity of RELAP Simulations and CASA
Grande). As a consequence, only MLOCAs and LLOCAs on the cold leg side present a
concern for cooling flow to the core during ECCS recirculation.

5.1 Purposes of the RELAP5-3D calculations

Thermal-hydraulic calculations are conducted with the RELAP5-3D (INL, 2012, Volume 1)
system code to analyze the reactor system response under hypothetical core blockage sce-
narios during a LOCA.

The purposes of these calculations are to:

1. Identify the scenarios which may produce an increase in the peak cladding tempera-
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ture and, subsequently, a potential core damage among selected LOCAs of different
break sizes and locations under full core and core bypass blockage.

2. Identify the scenarios where the peak cladding temperature is maintained below safety
limits even under hypothetical full core and core bypass blockage.

The following sections provide a description of the input model developed and used,
the assumptions, and calculations performed in RoverD, explaining the basis for the
conclusions drawn from thermal-hydraulic work that provides support to the assertion
that in-vessel debris does not lead to core damage for breaks of certain sizes and locations.

Components, regions, and connected systems of the reactor system simulated with this
system code include the primary system (vessel, core, coolant loops, steam generators, and
ECCS).

The RELAP5 series of codes have been developed at the INL under sponsorship of
the U.S. Department of Energy, the U.S. Nuclear Regulatory Commission, members of the
International Code Assessment and Applications Program, members of the Code Applica-
tions and Maintenance Program, and members of the International RELAP5 Users Group
(INL, 2012). Specific applications of the code include simulations of transients in LWR
systems, including LOCA.

The RELAP5-3D code is a successor to the RELAP5/MOD3 (INL, 1995, Volume 1
and 2) code, developed for the NRC and currently maintained by INL. RELAP5-3D rep-
resents a relatively large validation space that includes experience in modeling reactor
core behavior during accidents, two-phase flow processes, and LWR systems (INL, 2012,
Volume 3).

The RELAP5-3D version also contains several important enhancements over previous
versions of the code including fully integrated, multi-dimensional thermal-hydraulic mod-
eling capability. The multi-dimensional modeling capability allows the user to more accu-
rately simulate the multi-dimensional flow behavior that can be exhibited in components or
regions of a LWR system. Normally, the lower plenum, core, upper plenum and downcomer
regions, and the reactor core of an LWR are modeled using multiple dimensions.

RELAP5-3D allows the user to model a thermal-hydraulic system with:

• One-Dimensional components (also available in RELAP5/MOD3)
• Cartesian (x,y,z) or cylindrical (r,θ,z) (or both) coordinates can be selected to model

various multi-dimensional components.

5.2 RELAP5-3D input models

RELAP5-3D input models of the reactor system are developed to perform the thermal-
hydraulic simulations of the primary system under specific LOCA scenarios. Different input
models are developed to accomplish a specific goal. In particular two input models are
developed:
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One-dimensional (1D) (Section 5.2.1) A fully one-dimensional model is developed to
perform simulations. This model minimizes the simulation time required for each sce-
nario under investigation, following a similar approach to the one previously adopted
to conduct the analyses of selected accident sequences to support GSI-191 analyses
(NRC, 2012b).

Three dimensional vessel (3D-vessel), 1D-core (section 5.2.2) A 3D vessel model
combined with a 1D core model is developed for studying flow distribution to the
core and to provide sufficient information to screen cases that would need further
study with a more detailed approach. This input model is used to conduct the basic
core blockage studies. This model is generated from the 1D input model.

A 3D vessel with 3D core model is also developed to simulate selected LOCA scenarios
under hypothetical partial core blockages.

5.2.1 1D Model

The 1D input model of the reactor system is the basic input deck generated to perform the
basic simulations of the reactor system response under LOCA scenarios of different break
size and locations. An overview of the full plant RELAP5-3D nodalization adopted for the
simulations is provided in Figure 13.

All regions of the RCS, including the vessel, the reactor core, the coolant loops, and
the steam generators, are simulated using 1D components. The primary cooling loops,
identified for convenience with number 1 (STP RCS Loop D), 2 (STP RCS Loop A), 3
(STP RCS Loop B), and 4 (STP RCS Loop C) are simulated independently to account for
the expected flow asymmetry during the phases of the injection.

All the hydrodynamic components (single volumes, pipes, pumps, etc.) belonging to
each loop are identified with a 3-digit number starting with the digit of the loop. Three
independent safety injection trains (each train featuring one accumulator, one high-pressure
pump, and one low-pressure pump) are also included in the input model and connected to
loops 2, 3, and 4.

The safety injection train models also include models of the heat exchangers (one in each
train) to cool down the injection flow from the LHSI pumps, allowing realistic modeling of
different supply temperature effects. The RCS hot legs, intermediate legs (loop seal), the
RCPs, and cold legs are simulated.

Reactor vessel and core As described previously, 1D and 3D models are developed
for different purposes. In the fully 1D model, the reactor vessel is simulated using one-
dimensional components. In particular, the reactor core is modeled using two vertical
one-dimensional pipe components. Referring to Figure 13, pipe 605 simulates the aver-
age channel, where 192 FAs are lumped together (with the total flow area of 192 FAs).
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Figure 13: Schematic illustration of the RELAP5-3D reactor system nodalization for the 1D input model

Pipe 606 simulates the hot channel, with a flow area of one FA. Twenty-one axial nodes
are used for pipes 605 and 606. One pipe is used to model the core baffle bypass (pipe
551). The core bypass, the core hot channel, and the core average channel are connected
to the core inlet region (volume 545) with a multiple-junction component (54501, 54502,
and 54503 respectively).

Three heat structures simulate the FAs (including fuel region, gap, and cladding region)
and the core power generation. One heat structure is connected to pipe 605 to simulate
the power generation in the average channel. This heat structure accounts for the fuel in
192 FAs.

Another set of two heat structures is connected to pipe 606 to simulate the power
generation of the hot FA. In particular, one heat structure accounts for all the fuel pins of
the hot assembly excluding the hottest rod, and the other heat structure accounts for the
power generation in the hottest rod of the hot channel.

The radial and axial power distributions are defined based on a recent STP fuel cycle at
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end of life (Westinghouse, 2011). The axial nodalization of the core heat structures is chosen
to match the corresponding cells in pipes 605 and 606. The RELAP5-3D implementation
of the ANS-1973 decay heat model is selected to calculate the decay heat power generated
after the reactor shutdown.

Steam generators Four identical steam generators are also included to simulate:

• The primary side, with the inlet plenum, the steam generators’ U-tubes (modeled
with one-dimensional pipe component2), and the outlet plenum.

• The secondary side, with the downcomer, the boiler, the separator, and the steam
dome.

The nodalization adopted for the STP steam generators is shown in Figure 14.

Figure 14: Schematic representation of the STP steam generator RELAP5-3D nodalization.

2The nodalization adopted for the steam generators’ U-tube assumes all the tubes lumped into one
1D pipe component. The total flow area, the hydraulic diameter are preserved from the steam generators’
specifications. The pipe component adopted in the nodalization represents the primary side of the average
tube of the U-tube bundle.
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The primary (U-tubes) and secondary sides of the steam generators are simulated using
one-dimensional components. The inlet and outlet lower head compartments are modeled
with two volumes (single volumes X06 and X10 where X is the loop number) connected
with the hot and cold leg of the related loop, respectively. The steam generator tubes are
lumped together and simulated using one pipe (X08).

The vertical sections (ascendant and descendant) and the U-shaped top section of the
tubes are modeled setting appropriate elevation changes and vertical angles for pipe cells.
The secondary side of the steam generators contains the shell side of the cylindrical section
(pipe X70), the separator (X71), and the steam dome (X80). Each steam generator is
simulated with MFW and AFW flow inputs.

Each steam generator has a time-dependent volume (X82 and X84, respectively) to
define the boundary condition of the injected water (temperature and pressure), and a
time-dependent junction (X81 and X83, respectively) to impose the mass flow rates. The
steam line and all the components downstream from the steam generator domes are not
simulated since they are isolated at the start of the transient.

For the initial steady-state calculations, a time-dependent volume (X86) is used to
define the steam generator exhaust pressure as a function of average primary temperature
in order to reach the STP primary coolant average temperature. The exhaust pressure is
set by a dedicated integral control variable comparing primary average temperature to the
required reference temperature.

For accident simulations, the main steam isolation valve (MSIV, X85) is closed and the
secondary side is isolated. MFW and AFW injection activation times are set up according
to the STP set points.

A heat structure is defined to simulate the conduction through the steam generator
tube walls. The heat structure connects the primary side fluid volume (pipe X08, the left
boundary) to the secondary side fluid volume (and pipe X70, right boundary). Modeling the
tubes as heat structures with the appropriate fluid volumes at the left and right boundaries
enables accurate simulation of the heat transfer processes (conduction through tube walls
and convection, boiling, condensation, etc., on the wall boundaries) between the primary
and secondary during the transient simulation.

Safety injection system Three independent SI trains are included in the input model
of the reactor system. The nodalization diagram of the ECCS system is shown in Figure 15.

Each ECCS train contains:

• One accumulator simulated using the accumulator component (Components x90,
Figure 15). A control variable is defined in order to isolate the accumulator to account
for special LOCA manual operation procedures.

• One HHSI injecting directly to the primary system. The pump is modeled with a time-
dependent junction (X45) where a table of the velocity of the liquid to be injected as
a function of the pressure of the primary system injection location is defined.
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Figure 15: Schematic representation of the STP RELAP5-3D ECCS nodalization.

• One LHSI, TDJ x46) injecting into the primary system through the RHR exchanger.
This pump is modeled with the same approach as for HHSI.

• One RHR exchanger, connected downstream the LHSI pump simulated with one
pipe component (X47) for the tube side of the heat exchanger, one pipe component
(X63) for the shell side of the heat exchanger and one heat structure, connected to
both pipes to simulate the heat exchanger tube walls. The CCW thermal-hydraulic
conditions are imposed through a time-dependent volume (X61) and its mass flow
rate is imposed through a time-dependent junction (X62). The model is defined to
allow changes in the CCW conditions to study the effects on the recirculation cooling
system response.

The suction volume of the ECCS pumps (RWST during the safety injection phase,
and containment sump during the recirculation cooling phase), is modeled with a time-
dependent volume (TDV x91) where the specific boundary conditions (RWST or sump
liquid temperature) are defined. The switch from the RWST to sump conditions (recircu-
lation phase) is controlled by a logic control function.

As mentioned before, the HHSI and LHSI are simulated with time-dependent junctions.
RELAP5-3D allows the user to define a table with either the mass flow rate or the velocity
of the liquid to be injected as a reference parameter, as a function of the pressure of a given
component of the system. To accurately simulate the pumped volumetric flow, the velocity
in the junction is used as the reference parameter in order to account for the density of the
injected water (coming from the RWST or sump) as it changes during the transient.

Thursday 18th June, 2015, 15:25 35 corresponding: keeej@stpegs.com



STPNOC RoverD: Risk over Deterministic GSI-191 Assessment 36 of 76 pages

Tables of the liquid velocity as a function of the primary pressure are developed based
on STP pump and suction/injection line characteristics. All the geometrical information
used to prepare the model of the ECCS system represents the STP plant. Another set of
control logic is defined to switch between the cold leg recirculation phase, when the ECCS
flow is injected into the primary system through the cold leg (via trip valve x49), and the
hot leg recirculation phase, when two of the three trains are manually switched to the hot
leg injection (via trip valve x48).

Break simulation model The technique used to model the break is in accordance with
the RELAP5-3D user manual for different break sizes (INL, 2012, Volume V). For small
and medium break sizes, a trip valve component is used to model the break, which stays
closed during the steady-state phase and opens at the time of the break initiation. This
junction is connected to one of the hydrodynamic components available in the nodalization
of the cold or hot legs (depending on the break location to be analyzed). The break is
assumed to be located near the reactor vessel for both cold and hot leg break scenarios.

The abrupt area change option is enabled to account for the additional pressure losses
due to the sudden contraction and expansion of the flow at the break. The default choked
flow model is enabled since a choked condition is expected at the break during the early
phase of the accident. To model the DEGB scenario, two trip valve components are used
to simulate the flow from each side of the broken leg, as suggested in the RELAP5-3D code
manuals. These valves are closed during the steady-state phase and open simultaneously
at the time of break initiation.

To block any flow between the two sections of the broken leg (which are supposed to
be completely shifted apart during the DEGB scenario), a third trip valve is connected
to both ends of the broken leg which is open during the steady-state phase and closes at
the time of the break initiation. For all the break scenarios, the discharge volume (reactor
containment) is simulated with a time-dependent volume where the containment conditions
(pressure) are imposed.

Figure 16 shows the nodalization of the break for the small and medium breaks and
for the double-ended guillotine break scenarios. The break location, for either the cold and
hot leg cases, is assumed to be in a horizontal section of the leg, near the reactor vessel in
one of the loops equipped with safety injection (loop 3). In all the scenarios simulated, the
break orientation is imposed at the bottom of the leg (the vertical stratification model is
enabled in the junction to account for phase entrainment). In all the models used for the
simulations, all safety systems are assumed to be available throughout the transient.

The STP plant is modeled using a total of 283 nodes. The total number of junctions
defined in the model is 293.
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Figure 16: Schematic of the STP RELAP5-3D break nodalization with the general, non-DEGB on the left
and the DEGB nodalization shown on the right.

5.2.2 3D-vessel, 1D-core

This model originated from the 1D Model described in Section 5.2.1, by modifying the
nodalization scheme adopted for specific regions of the reactor vessel (vessel entry, down-
comer, lower plenum, and vessel exit) for a better representation of the three-dimensional
geometry of these regions. Multi-dimensional cylindrical components are used to simulate
the regions of the vessel mentioned above, as shown in Figure 17.

Figure 17: Schematic representation of the STP RELAP5-3D nodalization of the reactor vessel for the
3D-vessel, 1D core model.
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The regions of the vessel converted to multi-dimensional components are highlighted
with colors in Figure 17. The nodalization of the regions of the vessel identified with black
and white components is carried over from the 1D input model. This includes the reactor
core (modeled with two one-dimensional pipes), the core bypass, the core inlet and outlet
regions, and most of the sections of the upper plenum.

The selected regions are described below:

Downcomer The downcomer (green and yellow regions in Figure 17) is split into two
components (vessel entry region 515 representing the downcomer annulus, and 521
representing the downcomer) and modeled with two cylindrical multi-dimensional
components having 1 radial node, 20 azimuthal nodes, and 1 and 10 axial nodes
respectively.

Lower plenum The lower plenum (orange and purple regions in Figure 17) is also mod-
eled with two cylindrical multi-dimensional components (535 and 525), each one
characterized by 1 axial node and 20 azimuthal nodes. To account for the spherical
shape of the lower head, the bottom section of the lower plenum (525) has one less
radial node (7 nodes) compared to the top section (535) which has 8 radial nodes.

Vessel exit This region of the vessel (light blue region in Figure 17) corresponds to the
section of the vessel where the hot legs are connected. It is simulated with a multi-
dimensional cylindrical component having 8 radial nodes, 20 azimuthal nodes and 1
axial node. The remaining regions of the vessel and the primary system (including
coolant loops, steam generators, and ECCS) are carried over from the 1D Input
Model. The control logic and set points are also carried over from the 1D input
model.

Table 13 provides a summary of the geometry and the number of nodes for the compo-
nents described above.

Table 13: Summary of the STP RELAP5-3D reactor vessel nodes - 3D-vessel, 1D-core model.

Component Number Number of Nodes Radial Azimuthal Axial
Downcomer 1 515 20 1 20 1
Downcomer 2 521 200 1 20 10
Lower Plenum 1 535 160 8 20 1
Lower Plenum 2 525 140 7 20 1
Upper Plenum 865 160 8 20 1

This input model is used to perform the simulations of the LOCA scenarios of different
break sizes and locations with core blockage, described in Section 6.
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5.3 Verification of the STP RELAP5-3D models

A dedicated methodology is in place to prepare the input models described in Section 5.3,
and verify their validity, before running the simulations required. This methodology can
be summarized in the following three steps:

1. Data extraction

2. Input model preparation

3. Verification of the Input model

A detailed description of this approach for the input models generated is provided
below.

The information required to generate the main portions of the RELAP5-3D input deck
of the reactor system (mainly geometrical information) such as flow areas, flow lengths,
volumes, elevation changes, etc.) are extracted from the STP RETRAN input file.

The reactor system is subdivided into five regions and RETRAN tables of the main
thermal-hydraulic parameters are populated with the data extracted from the RETRAN
input file for each region. The five regions of the reactor system are listed in the following
bullets. Due to the complexity of the geometry and the different RETRAN nodalization,
some of these regions are split into sub-regions.

• Cold legs (including RCPs and crossover legs)
• Hot legs
• Pressurizer system (Including surge line and spray line)
• Reactor Vessel

– Lower plenum
– Lower core plate
– Core
– Core bypass
– Vessel entry (inlet annulus) and downcomer
– Vessel exit and upper plenum

• Steam generators
– Primary side
– Secondary side

For specific components (regions) of the reactor system, calculations or other assump-
tions became necessary when implementing the extracted data into the RELAP5-3D input
file. A new set of tables is generated with the final input data to be implemented into the
RELAP5-3D input deck (RELAP5-3D Tables).

Detailed descriptions of extraction, conversion, generation, and final comparison of the
input parameters are documented (Texas A&M, 2013b,d). For each region of the reactor
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system, the RETRAN extraction table, the RELAP5-3D conversion table, and the compar-
ison table are reported in the documentation. A similar approach is adopted when creating
the hydrodynamic components (volumes and junctions) and the heat structures for the
core and steam generators.

Verification of the STP RELAP5-3D input model is performed by comparing the sim-
ulation results of the steady-state against the STP RETRAN steady-state output for the
following parameters:

• Primary Side
– Loop Flow Rate
– Upper Plenum Flow Rate
– Upper Plenum Bypass Fraction
– Downcomer Flow Rate
– Core Bypass Flow Rate
– Core Bypass Fraction
– Reactor Thermal Power
– Core inlet Coolant Temperature
– Core Outlet Coolant Temperature
– System Coolant Avg. Temperature
– Pressures
– Pressure Drops
– Cladding Temperature Profile
– Fuel Centerline Temperature Profile

• Secondary Side
– MFW Flow Rate
– MFW Temperature
– Steam Dome Pressure
– Recirculation Flow Rate
– Steam Moisture Fraction

To accomplish this comparison, the boundary conditions and other simulation condi-
tions are aligned to the ones specified in the RETRAN input file. Comparison tables are
prepared including all the parameters listed above and included in the steady-state STP
RELAP5-3D verification documentation.

The simulation conditions are finally modified to reflect the current STP plant operating
conditions. A comparison of the STP RELAP5-3D steady-state simulation results with the
plant nominal operating conditions is performed, including the following parameters:

• NSSS Power
• Thermal Design Flow (total)
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• Reactor Coolant Pressure
• Primary Coolant Temperature - Core Outlet
• Primary Coolant Temperature - Vessel Outlet
• Primary Coolant Temperature - Core Average
• Primary Coolant Temperature - Vessel Average
• Primary Coolant Temperature - Vessel/Core Inlet
• Primary Coolant Temperature - Steam Generator Outlet
• Steam Generator Steam Outlet Temperature
• Steam Generator Steam Outlet Pressure
• Steam Generator Steam Outlet Flow
• Steam Generator Steam Outlet moisture

The final simulation conditions and the comparison are also documented elsewhere(Texas
A&M, 2013c). The LOCA transient input model is prepared from the steady-state model
by including specific features such as:

• ECCS, including accumulators, HHSI, LHSI, RHR heat exchangers and related com-
ponents described in Section 5.2.

• Main control logic, to simulate automatic actions during LOCA scenarios (reactor
trip, steam line isolation, ECCS trip, etc), including possible delays.

• Additional control logic, to account for specific manual operations.

The ECCS tables implemented in the STP RELAP5-3D input model (described on 34)
are generated from the ECCS pump characteristics and the system curves, accounting for
the pump characteristics (head vs. volumetric flow rate) and the suction and injection lines
pressure drops.

The set points and delays for automatic actuations are extracted from the MAAP input
file of the STP nuclear power plant. Specific manual operation procedures are taken from
the STP EOPs. The verification of the simulation results for LOCA scenarios of interest is
performed by comparing the RELAP5-3D simulation results with:

• The STP simulator results for similar LOCA scenarios
• The simulation results reported in the NUREG-6770 for LOCA scenarios of similar

break sizes and locations performed for a typical 4-loop PWR (NRC, 2012b).

5.4 Core blockage scenarios

This section describes the main sets of simulations performed. A description of the as-
sumptions, simulation conditions, and outcome will be provided for each simulation in the
following sub-sections.

Thermal-hydraulic calculations have been conducted to analyze the reactor system
response under hypothetical core blockage scenarios during a LOCA. The purpose of these
calculations is to:
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1. Identify the scenarios which may produce an increase in the peak cladding tempera-
ture and, subsequently, a potential core damage among selected LOCAs of different
break sizes and locations under full core and core bypass blockage.

2. Identify the scenarios where the peak cladding temperature is maintained below safety
limits even under hypothetical full core and core bypass blockage.

The 3D-vessel, 1D-core input model (Section 5.2.2) is used to perform the simulations
of six LOCA scenarios under a hypothesized full core and core bypass blockage at the sump
switchover. This model is chosen because it combines the detailed nodalization of the vessel
(using multi-dimensional components) accounting for more realistic injection flow paths,
with the one-dimensional core and core bypass to minimize the simulation time.

The following six scenarios are simulated to study the reactor response during LOCA
of different break sizes and locations, and identify scenarios which may produce an increase
in the PCT and, subsequently, a potential core damage:

1. 2-inch Break in Cold Leg

2. 2-inch Break in Hot Leg.

3. 6-inch Break in Cold Leg.

4. 6-inch Break in Hot Leg.

5. DEGB CLB.

6. DEGB HLB.

The PCT is used as a figure of merit to assess the outcome of the simulation. In
particular, the scenario is assumed to end successfully if the PCT never exceeded the limit
of 800°F at any time after the core blockage occurrence (at sump switchover). All the
simulations are extended for approximately 24 hours after the sump switchover time.

Other thermal-hydraulic parameters are also extracted for each simulation to provide
a comprehensive summary of the reactor response under core blockage:

• Primary Pressure
• Total SI (LHSI + HHSI pumps + accumulators) flow rate
• Total Break Flow Rate
• Steam Generators Liquid Inventory (Top Volume Liquid Fraction)
• Core inlet/outlet Coolant Temperatures
• Core Outlet Saturation Temperature
• Time to sump switchover
• Time to Hot leg Recirculation
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5.4.1 Simulation conditions

The simulations are conducted under the following main assumptions:

• All the pumps of the three SI trains are assumed available at the time of the break (no
pump failure is assumed) and throughout the transient, with set points and delays
imposed in the input models (see Section 5.2).

• The break occurred in one of the loops equipped with the SI train (in particular loop
3), and imposed at the bottom of the leg.

• The core axial and radial power profiles are the same as mentioned in Section 5.2.1.
• An instantaneous full core and core blockage is imposed at the bottom of the core

immediately after the sump switchover time by increasing the forward k-loss coeffi-
cient at the junctions connecting the lower plenum to the core and core bypass pipe
components (junctions 54501, 54502, 54503, Figure 17).

• No cross flow is simulated between the average channel and hot channel and no core
flow paths are simulated between the core and the core bypass.

Some additional assumptions are required to impose the RCB boundary conditions. In
particular the RCB pressure (identifying the pressure boundary conditions in the break
discharge volume) and the sump pool temperature (identifying the temperature boundary
conditions in the ECCS pumps suction volume) are taken from the STP simulator runs
for similar break scenarios (small, medium, and large breaks) up to the sump switchover
time. For the long-term cooling phase, the pressure and temperature profiles are assumed
to be linear from the start point (at sump switchover time) at the values calculated by
the simulator, and the end point (end of simulation, approximately 24h after the sump
switchover) at atmospheric and room conditions.

Table 14 summarizes the conditions applied for this set of simulations.

5.4.2 Simulation results, SLOCA

The following subsections describe simulation results for the cases executed in terms of
the selected thermal-hydraulic parameters listed in Section 5.4. In summary, all SLOCA
simulations show that the PCT remains below 800°F. The main reason for success in
SLOCA scenarios is that the ECCS flow is sufficient to refill the system for breaks this size
and below. Because only the automatic plant response is assumed (no operator actions), as
opposed to an actual scenario in which the operators would rapidly begin cool down and
depressurize, the RCS pressure remains high (around 1,000 psi) for the simulated plant.

Small break (2”) CLB scenario results Figure 18 presents simulation results for the
2” cold leg break in terms of primary pressure, flow rates (SI and break), steam generator
liquid inventory, and PCT respectively. The 2” break size represents the upper bound the
STP SLOCA break range.
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Table 14: Summary of core blockage scenario simulation conditions

Parameter Simulation condition
ECCS 3 trains running (A, B, C)
Break size 2”, 6”, DEGB
Break location CL, HL (Loop 3)
Core blockage methodology Increased k-loss
Blockage time Instantaneous at sump switchover
Reactor power (MWt) 3853
Actinide model RELAP5-3D default actinide model
Decay heat model ANS73 +0%
RWST temperature 85℃
Sump temperature Imposed
ECCS flow Realistic
RCB pressure Imposed

As shown in Figure 18d, the PCT remains below 600°F for the 2” CLB simulation.
In the STP RELAP5 simulations, operator actions are ignored and as a consequence,
once break flow and ECCS flow equalize, the primary pressure never drops below about
1,000 psi (Figure 18a). Normally, the operators would begin cooldown and depressurization
as quickly as possible. As shown in Figure 18, the RWST supplies the ECCS for about three
hours prior to the need for recirculation switchover.

Although the break flow initially exceeds the ECCS flow (Figure 18b), ECCS flow
quickly catches up up with the break flow rate. Since the STP HHSI pump shutoff head is
over approximately 1,500 psi, at the maximum SLOCA break size and below, they must be
taken off-line to reduce RCS pressure and stop the break flow (cool down and depressurize).
The STP EOPs require operators to reduce pressure, eventually using the LHSI pumps
which have a shutoff pressure of approximately 400 psi. Since the STP RELAP5 model
simulates all ECCS pumps continue to run (no operator action), the RCS remains above
1,000 psi.

Small Break (2” HLB simulation results Figure 19 shows the primary pressure,
flow rates (SI and break), steam generator liquid inventory, and maximum peak cladding
temperature respectively for the 2” HLB simulation. As mentioned previously for the CLB
simulation, operator actions are ignored and as a consequence, once break flow and ECCS
flow equalize, the RCS pressure never drops below about 1,000 psi (Figure 18a).

As shown in Figure 19d, the PCT remains below 600°F for the 2” HLB simulation.
In the STP RELAP5 simulations, operator actions are ignored and as a consequence, the
primary pressure never drops below about 1,000 psi (Figure 19a). Normally, the operators
would begin RCS cool down and depressurization as quickly as possible. Because the STP
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(a) Primary pressure history for the 2” CLB
simulation.

(b) Mass flow rate histories for total flow from the
SI and break in the 2” CLB simulation. Shown as
well are times for particular events.

(c) Steam generator primary side upper U-tube
liquid inventories indicated by the top volume
liquid fraction for the 2” CLB simulation.

(d) Core inlet, outlet, and peak clad tempera-
tures for the 2” CLB simulation.

Figure 18: Simulation results for the 2” CLB simulation.

HHSI pump shutoff head is over approximately 1,500 psi, they must be taken off line to
reduce pressure and break flow rate. The STP EOPs require operators to reduce pressure,
eventually using the LHSI pumps which have a shutoff pressure of approximately 400 psi.
Since the STP RELAP5 model simulates all ECCS continue to run, the RCS remains above
1,000 psi.

5.4.3 Simulation results, MLOCA

The following subsections describe results for the MLOCA simulations. The MLOCA sim-
ulations are for the largest STP MLOCA which ranges in size from a 2” to 6” break size.
In summary, the CLB simulations show that, with the core and core bypass fully blocked
at the start of ECCS recirculation, the PCT is �800°F. However as has been mentioned
previously, the simulations show that the PCT never exceeds 800°F for the HLB simula-
tions. Because the maximum break size for the MLOCA category is chosen, the results are
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(a) Primary pressure history for the 2” HLB
simulation.

(b) Mass flow rate histories for total SI and break
flow in the 2” HLB simulation. Shown as well are
times for particular events.

(c) Steam generator primary side upper U-tube
liquid inventories indicated by the top volume
liquid fraction for the 2” HLB simulation.

(d) Core inlet, outlet, and peak clad tempera-
tures for the 2” HLB simulation.

Figure 19: Simulation results for the 2” HLB simulation.

bounding for the MLOCA category.

MLOCA (6”) CLB simulation results Figure 20 shows the primary pressure, flow
rates (SI and break), steam generator liquid inventory, and maximum peak cladding tem-
perature respectively for the 6” CLB simulation. As shown in Figure 20, the sump recircu-
lation switchover time is a little over one hour. The 6” break size chosen for the MLOCA
simulations is the maximum size in the STP MLOCA range (2” to 6”). For this particular
scenario, the simulation is stopped at approximately 5,500s (about 1,000s after the core
blockage time) due to the increase of the peak cladding temperature (see Figure 20d).

The reason the PCT is exceeded for this simulation is that at this break size, with total
blockage of the core and core bypass, the ECCS flow is unable to sufficiently exceed the
break flow such that the RCS is repressurized to the point sufficient flow will either go
through the upper head cooling nozzles or through the steam generators.
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(a) Primary pressure history for the 6” CLB
simulation.

(b) Mass flow rate histories for total SI and break
flow in the 6” CLB simulation. Shown as well are
times for particular events.

(c) Steam generator primary side upper U-tube
liquid inventories indicated by the top volume
liquid fraction for the 6” CLB simulation.

(d) Core inlet, outlet, and peak clad tempera-
tures for the 6” HLB simulation.

Figure 20: Simulation results for the 6” CLB simulation.

The conclusion from this simulation is that, in a MLOCA CLB scenario that has com-
plete blockage at the start of recirculation, the PCT will be�800°F. This bounding calcula-
tion forms the basis for requiring ≤15 gm/FA success criteria for MLOCA CLBs. 15 gm/FA
has been shown to be the bounding amount of debris to continue adequate core cooling for
PWR FAs (PWROG, 2011).

Medium break (6”) HLB simulation results The primary pressure, flow rates (SI
and break), steam generator liquid inventory, and maximum peak cladding temperature
are shown in Figure 21 for the 6” HLB scenario.

As can be seen in Figure 21d, the PCT remains slightly below 400°F after ECCS
recirculation begins (about 1 hr after the MLOCA initiation). The flow demand through
the RCS loops and the upper head cooling nozzles is high enough that the steam generator
tubes refill before recirculation begins Figure 21c. This indicates that sufficient flow can be
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(a) Primary pressure history for the 6” HLB
simulation.

(b) Mass flow rate histories for total SI and break
flow in the 6” HLB simulation. Shown as well are
times for particular events.

(c) Steam generator primary side upper U-tube
liquid inventories indicated by the top volume
liquid fraction for the 6” HLB simulation.

(d) Core inlet, outlet, and peak clad tempera-
tures for the 6” HLB simulation.

Figure 21: Simulation results for the 6” HLB simulation.

supplied to the core during the MLOCA HLB scenario.

5.4.4 Simulation results, DEGB

The following subsections describe results for the LLOCA simulations. The LLOCA simu-
lations are for full offset DEGBs in the STP cold leg which is a 27.5” inside diameter pipe
spool and for the STP hot leg which is a 29” inside diameter pipe spool. In summary, the
CLB simulations show that, with the core and core bypass fully blocked at the start of
ECCS recirculation, the PCT is �800°F. However as has been mentioned previously, the
simulations show that the PCT never exceeds 800°F for the HLB simulation. Because the
fully offset DEGB is chosen for these simulations, the results are bounding for the LLOCA
category.
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DEGB CLB simulation results Figure 22 shows the primary pressure, flow rates (SI
and break), steam generator liquid inventory, and maximum peak cladding temperature
respectively for the DEGB CLB scenario. Similar to the simulation of the 6” cold leg
scenario, the simulation is stopped at approximately 3,500s (about 1,000s after the core
blockage time) due to the increase of the peak cladding temperature (see Figure 22d). All
the plots for this simulation case show the time range for the horizontal axis up to this
time.

The conclusion from this simulation is that, a cold leg DEGB scenario that has complete
blockage at the start of recirculation, the PCT will be much higher than 800°F. This
bounding calculation forms the basis for requiring ≤15 gm/FA success criteria (in the fiber
mass conservation domain, Section 3.4) for LLOCA CLBs. 15 gm/FA is been shown to be
a bounding amount of debris to continue adequate core cooling for PWR FAs (PWROG,
2011).

(a) Primary pressure history for the DEGB
CLB simulation.

(b) Mass flow rate histories for total SI and break
flow in the DEGB CLB simulation. Shown as well
are times for particular events.

(c) Steam generator primary side upper U-tube
liquid inventories indicated by the top volume
liquid fraction for the DEGB CLB simulation.

(d) Core inlet, outlet, and peak clad tempera-
tures for the DEGB HLB simulation.

Figure 22: Simulation results for the DEGB CLB simulation.
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DEGB HLB simulation results Figures 23a to 23d show the primary pressure, flow
rates (SI and break), steam generator liquid inventory, and maximum PCT respectively
for the DEGB HLB simulation. In this simulation, the core and core bypass are assumed
to be completely blocked at the time of ECCS recirculation. The assumption of complete
blockage bounds the maximum possible debris accumulation.

As shown in Figure 23c, the intact loop steam generator U-tubes are completely refilled
at the time of recirculation switchover. As a consequence, sufficient water is supplied over
the top of core to keep the PCT below 300°F after sump switchover (Figure 23d).

(a) Primary pressure history for the DEGB
HLB simulation.

(b) Mass flow rate histories for total SI and break
flow in the DEGB HLB simulation. Shown as well
are times for particular events.

(c) Steam generator primary side upper U-tube
liquid inventories indicated by the top volume
liquid fraction for the DEGB HLB simulation.

(d) Core inlet, outlet, and peak clad tempera-
tures for the DEGB HLB simulation.

Figure 23: Simulation results for the DEGB HLB simulation.

5.4.5 Comments on the simulations

Analysis of the simulation results puts in evidence the importance of RCS flow paths that,
for specific scenarios, may allow the ECCS flow to reach the core, maintaining the cladding
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temperature under the limit of 800°F at any time after the core blockage occurrence. In
particular:

• In smaller breaks (2”, both cold leg and hot leg scenarios), the injection system
is found to be able to refill the reactor vessel (cold side) and steam generator U-
tubes with liquid water even before the sump switchover time so that, at the time
of core blockage, flow paths such as (upper plenum sprays (junction connecting pipe
512 with the branch component 585, Figure 17) and steam generators are already
available for allowing cooling water to reach to top of the core, maintaining the
cladding temperature below 800°F at any time after the core blockage occurrence.

• In larger breaks in hot leg (6” and DEGB), due to the break location compared to
the loop injection location (cold leg) at the time to core blockage, the injected water
is forced to flow through the upper plenum sprays and steam generators. Cooling
water reached the top of the core, maintaining the cladding temperature under the
800°F at any time after the core blockage occurrence.

• For larger break sizes (6” and DEGB) in cold leg, the break flow takes most of the
cooling water coming from the two intact injection loops. The water injected through
the cold leg preferentially moves through the inlet annulus toward the broken cold
leg. The simulations are stopped when the maximum limit of 800°F is reached.

Figures 24a to 24c are simplified diagrams showing flow paths of the ECCS cooling
water from the injection point (cold leg) to the top of the core. Overall conclusions from
the simulation results for the six basic simulations are summarized in Table 15. The results
are further summarized and submitted in written form (Texas A&M, 2013a) and in the
academic literature (Vaghetto and Hassan, 2013).

Table 15: Summary of the results for the core blockage scenarios described in Sections 5.4.2 to 5.4.4
showing that, based on assuming complete core and core bypass flow blockage, only the MLOCA CLB and
LLOCA CLB result in exceeding 800°F PCT.

Break locations
Break size Cold leg simulations Hot leg simulations
Small (2”) Pass Pass
Medium (6”) Fail Pass
Large (DEGB Fail Pass

6 Core performance metrics
In addition to satisfying the strainer performance metrics, certain core performance must be
acceptable with the amount of LDFG fines tested as well. There are two metrics, separately
evaluated but ultimately having the same consequence, that must be found acceptable to
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(a) Cooling water flow paths (small CLB) (b) Cooling water flow paths (large CLB)

(c) Cooling water flow paths (HLB)

Figure 24: Simplified diagrams of break simulations

categorize a scenario as deterministic. Decay heat removal considering LDFG blockage
of the core cooling channels and freedom from boric acid precipitation must be found
acceptable.

Ogden et al. (2013) have shown that the amount of fiber penetrating through the ECCS
sump screen is a function of ECCS LDFG loading. In order for the screen performance
metrics as tested (again AREVA, 2008, for example) to serve as the ‘worst case’ condition
for deterministic characterization, the amount of fiber passing through the ECCS strainers
needs to be less than that tested by the PWROG as acceptable.

6.1 Core cooling

The PWROG (2011) has tested performance of the reactor core fuel assemblies under
deterministically challenging conditions, and developed a performance metric in terms of
the allowable amount of LDFG fiber accumulation on the reactor fuel assemblies. The
currently accepted allowable amount of fiber accumulation for STP cores is 15 grams of
fiber per FA. The PWROG fuel assembly testing was performed to investigate heat removal
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with particulate, chemical precipitates, and LDFG fiber present in the fuel assemblies but
boric acid precipitation was not a consideration in the PWROG testing. As shown in the
uncertainty analysis in Section 3 (Table 5), the maximum total fiber captured in the core in
a CLB is calculated to be 441 gm. The STP cores use 193 FAs, resulting in a high estimate
of fiber loading of less than 3 gm/FA.

As described in Section 5, HLB scenarios (as well as small break scenarios) can succeed
regardless of the fiber amounts transported to the core. The analysis in Section 5 shows full
blockage of all flow into the core during SLOCA and HLB will not cause loss of adequate
cooling.

6.2 Boric acid precipitation

PWROG (2011, Section 10.2, Pages 10-3 and 10-4) and NRC (2012a, Section 3.8, Pages 61
and 62) indicate that 15 gm/FA of fiber on the core will not impede flow. Further study
by NRC (2012a) found that boric acid precipitation would not be accelerated with small
amounts (in the range of 7.5 gm/FA to 15 gm/FA) of fiber on the core.

Table 16: ECCS strainer parameters values from Ogden et al. (2013, fit to Equation 10, Table 9 ‘Center’
and maximum penetration ‘Upper’ values) used for DEGB core accumulation sensitivity studies.

Parameter Center penetration values Upper penetration values
m 0.0003263 0.0003391
b 0.6888 0.656
Mc 930 880
δ 0.0011 0.0013

FIDOE sensitivity analyses using the STP fiber penetration data fit (Ogden et al., 2013)
as summarized in Table 16 were conducted to investigate CLB core fiber accumulation that
might be expected for the maximum debris cases (DEGB) in the RoverD risk-informed
scenarios. Sensitivity for the design basis pump configuration (two trains with a CSS pump,
a LHSI pump, and a HHSI pump) show that, within the measured range of ECCS screen
penetration and approximately nominal pump flows, the total accumulation on the core is
less than 400 gm (less than 2.1 gm/FA). For these simulations, 800 lbm (363,200 gm) of
transportable (fine fiber) was assumed to arrive in the containment pool prior to start of
ECCS recirculation.

Inspection of (1) indicates that, with Qc fixed by decay heat and at maximum pool
concentration (Cp), the maximum accumulation on the core is reached when ECCS flow is
minimized. That is for,

���
���

���: 1.0
Qc(t)∑

k [(1−γk)Qk
s (t)] , from (1b) RHS.
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With regard to this behavior, it is possible for STP to succeed in LLOCA CLB scenarios
with just two trains of LHSI if both trains are located on intact loops. That is,∑

k

[
(1− γk)Qks(t)

]
= (1− 0)QAs=LHSI(t) + (1− 0)QBs=LHSI(t) + (1− 0)QCs=0.0(t).

Therefore, the core fiber buildup with two ECCS trains operating in recirculation but
with no CSS pumps and no HHSI pumps operating is investigated. The maximum core
fiber buildup for this case is 4.4 gm/FA using the ‘Center’ fit parameters, well below the
15 gm/FA limit and substantially below amounts that would cause any pressure drop in
FAs. If the ‘Upper’ fit parameters are used. the fiber accumulated is 5.8 gm/FA. The sensi-
tivity studies investigating the approach to limiting fiber amounts of 15 gm/FA (PWROG,
2011; NRC, 2012a) for boron precipitation are summarized in Table 17.

Table 17: Summary of sensitivity studies investigating the approach to limiting fiber amounts of 15 gm/FA
for boron precipitation under different ECCS flow assumptions and maximum fibrous debris amounts.

Total strainer flow (gpm)/Comments CSS flow (gpm) Total core fiber (gm) FA fiber (gm/FA)

12,700 / Design case, single failure 1930 376 1.95
8840 / No CSS pumps 0 539 2.8
5600 / No CSS or HHSI pumps 0 845 4.4
5600 / ‘Upper’ row table 16 0 1119 5.8

7 Weld list
In the following, tables summarize the STP scenarios in the RoverD assessment. Table 18
summarizes the STP RoverD risk-informed scenarios. For these scenarios, the minimum
amount of fiber (the amount associated with smallest Di) at each location is listed in the
Dsmall
i fines (lbm) column.
Table 19 summarizes the amount of fiber and IOZ produced at all STP welds locations

in the analysis at the DEGB size. The amounts of debris and the DEGB break sizes are
shown. There are no scenarios where the amount of IOZ exceeds the amount tested (1368
lbm). Note that unqualified applications of IOZ are assumed failed (369 lbm) regardless
of the break size. This assumption results in the somewhat counterintuitive values for the
very small break sizes.
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Table 18: Data for weld locations in the risk-informed category listing the ith weld number (ordered by
increasing Dsmall

i ), location name (ID), Break size (Dsmall
i ), amount of fiber fines at Dsmall

i (Dsmall
i fines),

and the difference in mass of fiber fines at Dsmall
i to the mass at DEGB (Additional to DEGB).

No. Location Dsmall
i (in) Dsmall

i fines (lbm) Additional to DEGB (lbm)

1 16-RC-1412-NSS-8 12.814 213.394 0.000
2 29-RC-1401-NSS-3 14.390 191.848 295.610
3 29-RC-1101-NSS-4 14.590 191.899 287.757
4 29-RC-1201-NSS-4 14.900 191.864 248.143
5 29-RC-1301-NSS-4 14.910 191.936 220.806
6 31-RC-1302-NSS-RSG-1C-ON-SE 15.410 191.798 537.924
7 29-RC-1101-NSS-RSG-1A-IN-SE 15.620 191.823 565.296
8 29-RC-1101-NSS-5.1 15.630 191.794 565.672
9 29-RC-1401-NSS-RSG-1D-IN-SE 15.640 191.783 536.670
10 29-RC-1401-NSS-4.1 15.650 191.962 566.091
11 29-RC-1201-NSS-5.1 15.930 191.797 566.571
12 29-RC-1201-RSG-1B-IN-SE 15.930 191.988 517.884
13 29-RC-1301-RSG-1C-IN-SE 15.930 191.794 547.365
14 29-RC-1301-NSS-5.1 15.950 191.912 547.384
15 31-RC-1102-NSS-1.1 16.030 191.869 498.366
16 31-RC-1102-NSS-RSG-1A-ON-SE 16.030 191.883 526.940
17 31-RC-1202-NSS-4 16.070 191.843 527.309
18 31-RC-1102-NSS-4 16.180 191.814 576.110
19 31-RC-1202-NSS-1.1 16.220 191.781 526.572
20 31-RC-1202-NSS-RSG-1B-ON-SE 16.230 191.899 441.253
21 31-RC-1202-NSS-2 16.280 191.786 357.406
22 31-RC-1302-NSS-2 16.360 191.886 294.848
23 31-RC-1102-NSS-2 16.410 191.826 301.602
24 31-RC-1302-NSS-4 16.490 191.806 576.218
25 31-RC-1302-NSS-1.1 16.640 191.809 573.647
26 31-RC-1402-NSS-2 16.790 191.832 526.106
27 27.5-RC-1203-NSS-1 17.240 191.826 443.896
28 27.5-RC-1303-NSS-1 17.260 191.833 362.323
29 27.5-RC-1103-NSS-1 17.280 191.913 294.274
30 31-RC-1402-NSS-1.1 17.320 191.843 296.472
31 31-RC-1402-NSS-RSG-1D-ON-SE 17.320 191.853 573.657
32 31-RC-1202-NSS-8 17.500 191.831 545.144
33 31-RC-1102-NSS-8 17.800 191.783 498.219
34 31-RC-1402-NSS-4 18.070 191.817 419.649
35 31-RC-1302-NSS-8 18.440 191.812 331.897
36 31-RC-1102-NSS-3 18.780 191.911 257.928
37 31-RC-1102-NSS-9 18.800 191.820 252.459
38 31-RC-1202-NSS-9 18.820 191.786 545.189
39 27.5-RC-1403-NSS-1 18.850 191.809 516.703
40 31-RC-1202-NSS-3 18.870 191.856 465.931
41 31-RC-1302-NSS-3 19.010 191.830 381.748
42 31-RC-1302-NSS-9 19.270 191.794 294.958
43 31-RC-1402-NSS-3 19.690 191.853 222.911
44 31-RC-1402-NSS-8 20.270 191.814 217.285
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. . . continued
No. Location Dsmall

i (in) Dsmall
i fines (lbm) Additional to DEGB (lbm)

45 31-RC-1402-NSS-9 21.180 191.795 516.767

Table 19: DEGB data (largest break size) for all weld locations showing the number (No.) in order of
increasing pipe ID, Location ID (Location), Break size (DEGB size (in)), IOZ amount (IOZ (lbm)), and
the fiber fines amount (Fiber fines (lbm))

No. Location DEGB size (in) IOZ (lbm) Fiber fines (lbm)

1 0.75-CV-1122-BB1-1 0.614 369.0 28.544
2 0.75-CV-1122-BB1-2 0.614 369.0 28.547
3 0.75-CV-1124-BB1-1 0.614 369.0 28.500
4 0.75-CV-1124-BB1-2 0.614 369.0 28.500
5 0.75-CV-1126-BB1-1 0.614 369.0 28.500
6 0.75-CV-1126-BB1-2 0.614 369.0 28.670
7 0.75-CV-1128-BB1-1 0.614 369.0 28.500
8 0.75-CV-1128-BB1-2 0.614 369.0 28.500
9 0.75-RC-1001-BB1-1 0.614 369.0 28.718
10 0.75-RC-1002-BB2-1 0.614 369.0 28.759
11 0.75-RC-1112-BB1-1 0.614 369.0 28.778
12 0.75-RC-1114-BB1-1 0.614 369.0 28.906
13 0.75-RC-1125-BB1-1 0.614 369.0 28.772
14 0.75-RC-1125-BB1-2 0.614 369.0 28.861
15 0.75-RC-1126-BB1-1 0.614 369.0 28.822
16 0.75-RC-1212-BB1-1 0.614 369.0 28.830
17 0.75-RC-1214-BB1-1 0.614 369.0 28.858
18 0.75-RC-1221-BB1-1 0.614 369.0 28.776
19 0.75-RC-1221-BB1-2 0.614 369.0 28.788
20 0.75-RC-1312-BB1-1 0.614 369.0 28.821
21 0.75-RC-1324-BB1-1 0.614 369.0 28.900
22 0.75-RC-1423-BB1-1 0.614 369.0 28.989
23 0.75-SI-1130-BB2-1 0.614 369.0 28.738
24 0.75-SI-1132-BB1-1 0.614 369.0 28.649
25 0.75-SI-1218-BB1-1 0.614 369.0 28.668
26 0.75-SI-1223-BB2-1 0.614 369.0 28.723
27 0.75-SI-1315-BB1-1 0.614 369.0 28.866
28 0.75-SI-1323-BB1-1 0.614 369.0 28.666
29 0.75-SI-1327-BB1-1 0.614 369.0 28.690
30 0.75-SI-1327-BB1-2 0.614 369.0 28.690
31 0.75-SI-1327-BB1-3 0.614 369.0 28.676
32 0.75-SI-1328-BB2-1 0.614 369.0 28.721
33 1-RC-1003-BB1-1 0.815 369.0 29.214
34 1-RC-1123-BB1-1 0.815 369.0 28.824
35 1-RC-1422-BB1-1 0.815 369.0 29.108
36 1.5-RC-1412-NSS-1 1.338 369.0 30.228
37 2(1.5)-CV-1122-BB1-1 1.338 369.2 28.576
38 2(1.5)-CV-1122-BB1-2 1.338 369.1 28.743
39 2(1.5)-CV-1124-BB1-1 1.338 369.0 28.570
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. . . continued
No. Location DEGB size (in) IOZ (lbm) Fiber fines (lbm)

40 2(1.5)-CV-1124-BB1-2 1.338 369.0 28.845
41 2(1.5)-CV-1126-BB1-1 1.338 369.0 29.037
42 2(1.5)-CV-1126-BB1-2 1.338 369.0 29.029
43 2(1.5)-CV-1128-BB1-1 1.338 369.0 28.746
44 2(1.5)-CV-1128-BB1-2 1.338 369.0 28.991
45 2-CV-1121-BB1-1 1.689 369.0 28.740
46 2-CV-1121-BB1-2 1.689 369.0 28.984
47 2-CV-1121-BB1-3 1.689 369.0 29.216
48 2-CV-1122-BB1-1 1.689 369.0 29.356
49 2-CV-1122-BB1-2 1.689 369.0 29.296
50 2-CV-1122-BB1-3 1.689 369.0 29.225
51 2-CV-1122-BB1-4 1.689 369.0 29.205
52 2-CV-1122-BB1-5 1.689 369.0 29.271
53 2-CV-1122-BB1-6 1.689 369.2 28.936
54 2-CV-1124-BB1-1 1.689 369.0 29.204
55 2-CV-1124-BB1-2 1.689 369.0 29.229
56 2-CV-1124-BB1-3 1.689 369.0 29.228
57 2-CV-1124-BB1-4 1.689 369.0 29.342
58 2-CV-1124-BB1-5 1.689 369.0 29.440
59 2-CV-1124-BB1-6 1.689 369.0 29.397
60 2-CV-1124-BB1-7 1.689 369.0 29.259
61 2-CV-1124-BB1-8 1.689 369.0 29.258
62 2-CV-1124-BB1-9 1.689 369.0 29.315
63 2-CV-1124-BB1-10 1.689 369.0 29.348
64 2-CV-1124-BB1-11 1.689 369.0 29.309
65 2-CV-1124-BB1-12 1.689 369.0 28.850
66 2-CV-1124-BB1-13 1.689 369.0 28.881
67 2-CV-1126-BB1-1 1.689 369.7 28.720
68 2-CV-1126-BB1-2 1.689 369.2 28.777
69 2-CV-1126-BB1-3 1.689 369.0 28.833
70 2-CV-1126-BB1-4 1.689 369.0 28.870
71 2-CV-1126-BB1-5 1.689 369.0 28.862
72 2-CV-1126-BB1-6 1.689 369.0 28.889
73 2-CV-1126-BB1-7 1.689 369.0 28.986
74 2-CV-1126-BB1-8 1.689 369.0 29.884
75 2-CV-1126-BB1-9 1.689 369.0 29.985
76 2-CV-1126-BB1-10 1.689 369.1 29.364
77 2-CV-1126-BB1-11 1.689 369.0 29.298
78 2-CV-1128-BB1-1 1.689 369.1 28.513
79 2-CV-1128-BB1-2 1.689 369.0 28.667
80 2-CV-1128-BB1-3 1.689 369.0 28.760
81 2-CV-1128-BB1-3A 1.689 369.0 28.817
82 2-CV-1128-BB1-3B 1.689 369.0 28.857
83 2-CV-1128-BB1-4 1.689 369.0 28.854
84 2-CV-1128-BB1-5 1.689 369.0 28.860
85 2-CV-1128-BB1-6 1.689 369.0 28.834
86 2-CV-1128-BB1-7 1.689 369.0 28.947
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. . . continued
No. Location DEGB size (in) IOZ (lbm) Fiber fines (lbm)

87 2-CV-1141-BB1-1 1.689 369.0 29.014
88 2-CV-1141-BB1-2 1.689 369.0 28.833
89 2-RC-1003-BB1-1 1.689 369.0 29.216
90 2-RC-1003-BB1-2 1.689 369.0 29.636
91 2-RC-1120-BB1-1 1.689 369.0 29.828
92 2-RC-1120-BB1-2 1.689 369.0 29.543
93 2-RC-1121-BB1-1 1.689 369.5 30.249
94 2-RC-1121-BB1-2 1.689 369.0 29.059
95 2-RC-1121-BB1-3 1.689 369.0 29.088
96 2-RC-1121-BB1-3A 1.689 369.0 29.068
97 2-RC-1121-BB1-3B 1.689 369.0 28.986
98 2-RC-1121-BB1-4 1.689 369.0 28.917
99 2-RC-1219-BB1-1 1.689 369.0 29.790
100 2-RC-1219-BB1-2 1.689 369.0 29.653
101 2-RC-1220-BB1-1 1.689 369.6 30.148
102 2-RC-1220-BB1-2 1.689 369.0 29.002
103 2-RC-1220-BB1-3 1.689 369.0 28.966
104 2-RC-1220-BB1-4 1.689 369.0 28.886
105 2-RC-1319-BB1-1 1.689 369.0 29.965
106 2-RC-1319-BB1-2 1.689 369.0 29.567
107 2-RC-1321-BB1-1 1.689 369.0 29.664
108 2-RC-1321-BB1-4 1.689 369.0 29.604
109 2-RC-1321-BB1-5 1.689 369.0 29.718
110 2-RC-1321-BB1-6 1.689 369.0 29.682
111 2-RC-1417-BB1-1 1.689 369.0 29.776
112 2-RC-1417-BB1-2 1.689 369.0 29.705
113 2-RC-1418-BB1-1 1.689 369.6 30.157
114 2-RC-1418-BB1-2 1.689 369.2 29.632
115 2-RC-1418-BB1-3 1.689 369.0 29.545
116 2-RC-1418-BB1-4 1.689 369.0 29.481
117 2-RC-1418-BB1-5 1.689 369.0 29.343
118 2-RC-1418-BB1-6 1.689 369.0 29.170
119 2-RC-1419-BB1-1 1.689 369.1 29.481
120 2-RC-1419-BB1-2 1.689 369.0 29.256
121 2-RC-1419-BB1-3 1.689 369.0 29.288
122 2-RC-1419-BB1-4 1.689 369.0 29.024
123 2.5-RC-1003-BB1-1 2.125 369.0 30.677
124 2.5-RC-1003-BB1-2 2.125 369.0 30.524
125 2.5-RC-1003-BB1-3 2.125 369.0 30.386
126 2.5-RC-1003-BB1-4 2.125 369.0 30.475
127 2.5-RC-1003-BB1-5 2.125 369.0 30.419
128 2.5-RC-1003-BB1-6 2.125 369.0 30.419
129 3-RC-1003-BB1-1 2.626 369.0 31.266
130 3-RC-1003-BB1-2 2.626 369.0 31.202
131 3-RC-1015-NSS-1 2.626 369.0 30.639
132 3-RC-1015-NSS-2 2.626 369.0 30.406
133 3-RC-1015-NSS-3 2.626 369.0 30.179
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. . . continued
No. Location DEGB size (in) IOZ (lbm) Fiber fines (lbm)

134 3-RC-1015-NSS-4 2.626 369.0 29.612
135 3-RC-1015-NSS-5 2.626 369.0 29.109
136 3-RC-1015-NSS-6 2.626 369.0 28.572
137 3-RC-1015-NSS-7 2.626 369.0 28.500
138 3-RC-1015-NSS-8 2.626 369.0 28.500
139 3-RC-1015-NSS-9 2.626 369.0 31.167
140 3-RC-1015-NSS-10 2.626 369.0 31.171
141 3-RC-1015-NSS-11 2.626 369.0 31.116
142 3-RC-1015-NSS-12 2.626 369.0 30.560
143 3-RC-1015-NSS-13 2.626 369.0 29.830
144 3-RC-1015-NSS-14 2.626 369.0 28.748
145 3-RC-1015-NSS-15 2.626 369.0 28.645
146 3-RC-1015-NSS-16 2.626 369.0 29.814
147 3-RC-1106-BB1-25 2.626 369.0 32.217
148 3-RC-1206-BB1-28 2.626 369.0 32.160
149 3-RC-1306-BB1-28 2.626 369.0 32.175
150 3-RC-1406-BB1-25 2.626 369.0 32.121
151 4-CV-1001-BB1-1 3.438 369.0 31.041
152 4-CV-1001-BB1-2 3.438 369.0 30.210
153 4-CV-1118-BB1-1 3.438 369.0 29.674
154 4-CV-1118-BB1-2 3.438 369.0 30.693
155 4-CV-1120-BB1-1 3.438 369.0 32.429
156 4-CV-1120-BB1-2 3.438 369.0 32.919
157 4-RC-1000-BB1-1 3.438 369.0 34.720
158 4-RC-1000-BB1-2 3.438 369.0 33.905
159 4-RC-1000-BB1-3 3.438 369.0 33.830
160 4-RC-1000-BB1-4 3.438 369.0 32.628
161 4-RC-1000-BB1-5 3.438 369.0 32.467
162 4-RC-1000-BB1-6 3.438 369.0 32.639
163 4-RC-1000-BB1-7 3.438 369.0 32.862
164 4-RC-1000-BB1-8 3.438 369.0 33.889
165 4-RC-1003-BB1-1 3.438 369.0 33.806
166 4-RC-1003-BB1-2 3.438 369.0 33.565
167 4-RC-1003-BB1-3 3.438 369.0 33.473
168 4-RC-1003-BB1-4 3.438 369.0 33.783
169 4-RC-1123-BB1-1 3.438 369.0 37.413
170 4-RC-1123-BB1-2 3.438 369.0 30.216
171 4-RC-1123-BB1-3 3.438 369.0 30.168
172 4-RC-1123-BB1-4 3.438 369.0 30.158
173 4-RC-1123-BB1-5 3.438 369.0 30.061
174 4-RC-1123-BB1-6 3.438 369.0 30.085
175 4-RC-1123-BB1-7 3.438 369.0 30.154
176 4-RC-1123-BB1-8 3.438 369.0 30.147
177 4-RC-1123-BB1-9 3.438 369.0 31.738
178 4-RC-1123-BB1-10 3.438 369.0 31.501
179 4-RC-1123-BB1-11 3.438 369.0 30.645
180 4-RC-1123-BB1-12 3.438 369.0 30.312
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. . . continued
No. Location DEGB size (in) IOZ (lbm) Fiber fines (lbm)

181 4-RC-1123-BB1-13 3.438 369.7 30.342
182 4-RC-1123-BB1-14 3.438 369.7 29.878
183 4-RC-1123-BB1-15 3.438 369.6 29.811
184 4-RC-1123-BB1-16 3.438 369.0 32.181
185 4-RC-1123-BB1-17 3.438 369.0 33.182
186 4-RC-1123-BB1-18 3.438 369.1 35.482
187 4-RC-1123-BB1-19 3.438 369.0 35.495
188 4-RC-1123-BB1-20 3.438 369.0 34.997
189 4-RC-1126-BB1-1 3.438 369.0 31.051
190 4-RC-1126-BB1-2 3.438 369.0 31.886
191 4-RC-1126-BB1-3 3.438 369.0 32.103
192 4-RC-1126-BB1-4 3.438 369.0 32.167
193 4-RC-1126-BB1-5 3.438 369.0 32.729
194 4-RC-1126-BB1-6 3.438 369.0 35.833
195 4-RC-1320-BB1-1 3.438 373.9 36.359
196 4-RC-1320-BB1-2 3.438 374.2 35.884
197 4-RC-1320-BB1-3 3.438 374.3 35.266
198 4-RC-1320-BB1-4 3.438 371.3 33.363
199 4-RC-1320-BB1-5 3.438 370.1 32.866
200 4-RC-1320-BB1-6 3.438 369.1 32.843
201 4-RC-1320-BB1-7 3.438 369.0 32.529
202 4-RC-1320-BB1-8 3.438 369.0 32.431
203 4-RC-1320-BB1-9 3.438 369.0 31.770
204 4-RC-1320-BB1-10 3.438 369.0 31.466
205 4-RC-1320-BB1-11 3.438 369.0 31.342
206 4-RC-1320-BB1-12 3.438 369.0 31.453
207 4-RC-1323-BB1-1 3.438 369.0 31.678
208 4-RC-1323-BB1-2 3.438 369.0 31.321
209 4-RC-1323-BB1-3 3.438 369.0 30.713
210 4-RC-1323-BB1-4 3.438 369.0 35.252
211 4-RC-1420-BB1-1 3.438 369.0 35.755
212 4-RC-1422-BB1-1 3.438 369.2 35.934
213 4-RC-1422-BB1-2 3.438 369.7 35.201
214 4-RC-1422-BB1-3 3.438 370.0 34.343
215 4-RC-1422-BB1-4 3.438 369.8 34.947
216 4-RC-1422-BB1-5 3.438 369.9 34.368
217 4-RC-1422-BB1-6 3.438 369.0 30.449
218 4-RC-1422-BB1-7 3.438 369.0 30.453
219 4-RC-1422-BB1-8 3.438 369.0 30.459
220 4-RC-1422-BB1-9 3.438 369.0 30.503
221 4-RC-1422-BB1-10 3.438 369.0 30.184
222 4-RC-1422-BB1-11 3.438 369.0 30.191
223 4-RC-1422-BB1-12 3.438 369.0 32.143
224 4-RC-1422-BB1-13 3.438 369.0 31.852
225 4-RC-1422-BB1-14 3.438 369.0 31.546
226 4-RC-1422-BB1-15 3.438 369.0 30.812
227 4-RC-1422-BB1-16 3.438 369.0 30.190
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. . . continued
No. Location DEGB size (in) IOZ (lbm) Fiber fines (lbm)

228 4-RC-1422-BB1-17 3.438 369.0 30.027
229 4-RC-1422-BB1-18 3.438 369.0 29.925
230 4-RC-1422-BB1-19 3.438 369.0 29.739
231 4-RC-1422-BB1-20 3.438 369.0 30.094
232 4-RC-1422-BB1-21 3.438 369.0 32.993
233 4-RC-1422-BB1-22 3.438 369.0 33.618
234 4-RC-1422-BB1-23 3.438 369.0 33.806
235 6-RC-1003-BB1-1 5.189 369.0 44.624
236 6-RC-1003-BB1-2 5.189 369.0 44.559
237 6-RC-1003-BB1-3 5.189 369.0 44.544
238 6-RC-1003-BB1-4 5.189 369.0 43.986
239 6-RC-1003-BB1-5 5.189 369.0 43.628
240 6-RC-1003-BB1-6 5.189 369.0 42.938
241 6-RC-1003-BB1-7 5.189 369.0 44.629
242 6-RC-1003-BB1-8 5.189 369.0 48.441
243 6-RC-1003-BB1-9 5.189 369.0 48.763
244 6-RC-1003-BB1-9A 5.189 369.0 48.493
245 6-RC-1003-BB1-9B 5.189 369.0 48.430
246 6-RC-1003-BB1-10 5.189 369.0 42.087
247 6-RC-1003-BB1-11 5.189 369.0 42.331
248 6-RC-1003-BB1-11A 5.189 369.0 44.903
249 6-RC-1003-BB1-11B 5.189 369.0 46.555
250 6-RC-1003-BB1-12 5.189 369.0 49.853
251 6-RC-1003-BB1-13 5.189 369.0 53.722
252 6-RC-1003-BB1-13A 5.189 369.0 58.702
253 6-RC-1003-BB1-14 5.189 369.0 62.802
254 6-RC-1003-BB1-PRZ-1-N2-SE 5.189 369.0 62.671
255 6-RC-1004-NSS-1 5.189 369.0 55.474
256 6-RC-1004-NSS-2 5.189 369.0 53.509
257 6-RC-1004-NSS-3 5.189 369.0 49.880
258 6-RC-1004-NSS-4 5.189 369.0 54.799
259 6-RC-1004-NSS-5 5.189 369.0 56.009
260 6-RC-1004-NSS-6 5.189 369.0 49.074
261 6-RC-1004-NSS-7 5.189 369.0 46.724
262 6-RC-1004-NSS-PRZ-1-N3-SE 5.189 369.0 55.474
263 6-RC-1009-NSS-1 5.189 369.0 57.719
264 6-RC-1009-NSS-2 5.189 369.0 56.090
265 6-RC-1009-NSS-3 5.189 369.0 51.546
266 6-RC-1009-NSS-4 5.189 369.0 55.562
267 6-RC-1009-NSS-5 5.189 369.0 58.600
268 6-RC-1009-NSS-6 5.189 369.0 59.701
269 6-RC-1009-NSS-7 5.189 369.0 58.202
270 6-RC-1009-NSS-8 5.189 369.0 55.115
271 6-RC-1009-NSS-9 5.189 369.0 52.384
272 6-RC-1009-NSS-PRZ-1-N4C-SE 5.189 369.0 57.599
273 6-RC-1012-NSS-1 5.189 369.0 60.880
274 6-RC-1012-NSS-2 5.189 369.0 59.392
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275 6-RC-1012-NSS-3 5.189 369.0 58.454
276 6-RC-1012-NSS-4 5.189 369.0 58.219
277 6-RC-1012-NSS-5 5.189 369.0 55.514
278 6-RC-1012-NSS-6 5.189 369.0 54.741
279 6-RC-1012-NSS-7 5.189 369.0 53.355
280 6-RC-1012-NSS-8 5.189 369.0 53.821
281 6-RC-1012-NSS-9 5.189 369.0 56.453
282 6-RC-1012-NSS-10 5.189 369.0 53.214
283 6-RC-1012-NSS-11 5.189 369.0 52.656
284 6-RC-1012-NSS-PRZ-1-N4B-SE 5.189 369.0 60.969
285 6-RC-1015-NSS-1 5.189 369.0 60.169
286 6-RC-1015-NSS-2 5.189 369.0 58.352
287 6-RC-1015-NSS-3 5.189 369.0 56.912
288 6-RC-1015-NSS-4 5.189 369.0 58.204
289 6-RC-1015-NSS-5 5.189 369.0 60.372
290 6-RC-1015-NSS-6 5.189 369.0 61.063
291 6-RC-1015-NSS-7 5.189 369.0 61.199
292 6-RC-1015-NSS-8 5.189 369.0 58.186
293 6-RC-1015-NSS-9 5.189 369.0 55.805
294 6-RC-1015-NSS-10 5.189 369.0 52.618
295 6-RC-1015-NSS-11 5.189 369.0 41.428
296 6-RC-1015-NSS-12 5.189 369.0 39.418
297 6-RC-1015-NSS-13 5.189 369.0 39.127
298 6-RC-1015-NSS-14 5.189 369.0 40.186
299 6-RC-1015-NSS-15 5.189 369.0 40.229
300 6-SI-1108-BB1-1 5.189 369.0 28.994
301 6-SI-1108-BB1-2 5.189 369.0 29.012
302 6-SI-1108-BB1-3 5.189 369.0 29.232
303 6-SI-1108-BB1-4 5.189 369.0 37.446
304 6-SI-1111-BB1-1 5.189 369.0 31.933
305 6-SI-1111-BB1-2 5.189 369.0 31.784
306 6-SI-1208-BB1-1 5.189 369.0 28.985
307 6-SI-1208-BB1-2 5.189 369.0 28.997
308 6-SI-1208-BB1-3 5.189 369.0 29.254
309 6-SI-1208-BB1-4 5.189 369.0 36.100
310 6-SI-1211-BB1-1 5.189 369.0 31.021
311 6-SI-1211-BB1-2 5.189 369.0 31.038
312 6-SI-1308-BB1-1 5.189 369.0 31.954
313 6-SI-1308-BB1-2 5.189 369.0 30.396
314 6-SI-1308-BB1-3 5.189 369.0 30.428
315 6-SI-1308-BB1-4 5.189 369.0 30.888
316 6-SI-1327-BB1-1 5.189 373.9 42.571
317 6-SI-1327-BB1-2 5.189 373.9 42.015
318 6-SI-1327-BB1-3 5.189 373.8 41.872
319 6-SI-1327-BB1-4 5.189 369.3 42.526
320 6-SI-1327-BB1-5 5.189 369.0 41.611
321 6-SI-1327-BB1-6 5.189 369.0 40.911
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322 6-SI-1327-BB1-7 5.189 369.0 39.937
323 8-RC-1114-BB1-1 6.813 369.2 49.706
324 8-RC-1114-BB1-2 6.813 369.0 48.257
325 8-RC-1114-BB1-3 6.813 369.0 49.686
326 8-RC-1114-BB1-4 6.813 369.0 52.689
327 8-RC-1114-BB1-5 6.813 369.0 56.637
328 8-RC-1114-BB1-6 6.813 369.0 59.746
329 8-RC-1214-BB1-1 6.813 369.0 50.154
330 8-RC-1214-BB1-2 6.813 369.0 48.622
331 8-RC-1214-BB1-3 6.813 369.0 49.928
332 8-RC-1214-BB1-4 6.813 369.0 52.736
333 8-RC-1214-BB1-5 6.813 369.0 56.292
334 8-RC-1214-BB1-6 6.813 369.0 59.363
335 8-RC-1324-BB1-1 6.813 369.0 52.154
336 8-RC-1324-BB1-2 6.813 369.0 50.776
337 8-RC-1324-BB1-3 6.813 369.0 51.588
338 8-RC-1324-BB1-4 6.813 369.0 52.772
339 8-RC-1324-BB1-5 6.813 369.0 56.636
340 8-RC-1324-BB1-6 6.813 369.0 60.023
341 8-RH-1108-BB1-1 6.813 369.0 32.550
342 8-RH-1108-BB1-2 6.813 369.0 32.775
343 8-RH-1112-BB1-1 6.813 372.8 51.131
344 8-RH-1112-BB1-1A 6.813 369.0 49.780
345 8-RH-1112-BB1-2 6.813 369.0 49.624
346 8-RH-1208-BB1-1 6.813 369.0 31.430
347 8-RH-1208-BB1-2 6.813 369.0 31.653
348 8-RH-1212-BB1-1 6.813 370.5 52.386
349 8-RH-1212-BB1-2 6.813 369.0 48.950
350 8-RH-1308-BB1-1 6.813 369.0 38.696
351 8-RH-1308-BB1-2 6.813 369.0 36.847
352 8-RH-1315-BB1-1 6.813 370.2 49.675
353 8-SI-1108-BB1-1 6.813 369.0 44.423
354 8-SI-1108-BB1-2 6.813 369.0 47.655
355 8-SI-1108-BB1-3 6.813 369.0 51.361
356 8-SI-1108-BB1-4 6.813 375.2 54.658
357 8-SI-1108-BB1-5 6.813 373.4 52.049
358 8-SI-1208-BB1-1 6.813 369.0 44.043
359 8-SI-1208-BB1-2 6.813 369.0 46.025
360 8-SI-1208-BB1-3 6.813 369.0 51.145
361 8-SI-1208-BB1-3A 6.813 374.8 54.601
362 8-SI-1208-BB1-4 6.813 372.4 51.640
363 8-SI-1327-BB1-1 6.813 369.0 48.463
364 8-SI-1327-BB1-2 6.813 369.0 47.826
365 8-SI-1327-BB1-3 6.813 369.0 47.535
366 8-SI-1327-BB1-4 6.813 369.0 46.718
367 8-SI-1327-BB1-5 6.813 370.1 44.922
368 8-SI-1327-BB1-6 6.813 372.6 46.928
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369 8-SI-1327-BB1-7 6.813 372.8 51.443
370 8-SI-1327-BB1-8 6.813 369.7 56.461
371 8-SI-1327-BB1-9 6.813 369.1 57.747
372 8-SI-1327-BB1-10 6.813 369.9 61.122
373 8-SI-1327-BB1-11 6.813 373.8 55.933
374 10-RH-1108-BB1-1 8.500 369.0 34.468
375 10-RH-1108-BB1-1A 8.500 369.0 34.677
376 10-RH-1108-BB1-2 8.500 369.0 34.705
377 10-RH-1108-BB1-3 8.500 369.0 34.769
378 10-RH-1108-BB1-4 8.500 369.0 34.770
379 10-RH-1108-BB1-5 8.500 369.0 35.207
380 10-RH-1108-BB1-6 8.500 369.0 35.332
381 10-RH-1108-BB1-7 8.500 369.0 36.385
382 10-RH-1108-BB1-8 8.500 369.0 50.654
383 10-RH-1108-BB1-9 8.500 369.0 50.483
384 10-RH-1108-BB1-10 8.500 369.0 50.014
385 10-RH-1208-BB1-1 8.500 369.0 33.109
386 10-RH-1208-BB1-2 8.500 369.0 33.329
387 10-RH-1208-BB1-3 8.500 369.0 33.414
388 10-RH-1208-BB1-4 8.500 369.0 33.816
389 10-RH-1208-BB1-5 8.500 369.0 34.347
390 10-RH-1208-BB1-6 8.500 369.0 34.365
391 10-RH-1208-BB1-7 8.500 369.0 35.545
392 10-RH-1208-BB1-8 8.500 369.0 46.227
393 10-RH-1208-BB1-9 8.500 369.0 47.479
394 10-RH-1208-BB1-10 8.500 369.0 47.359
395 10-RH-1208-BB1-11 8.500 369.0 46.459
396 10-RH-1308-BB1-1 8.500 369.0 38.893
397 10-RH-1308-BB1-2 8.500 369.0 32.739
398 10-RH-1308-BB1-3 8.500 369.0 32.587
399 10-RH-1308-BB1-4 8.500 369.0 32.698
400 10-RH-1308-BB1-5 8.500 369.0 32.903
401 10-RH-1308-BB1-6 8.500 369.0 34.170
402 10-RH-1308-BB1-7 8.500 369.0 34.181
403 10-RH-1308-BB1-8 8.500 369.0 34.387
404 12-RC-1112-BB1-1 10.126 378.8 97.467
405 12-RC-1112-BB1-2 10.126 379.1 86.688
406 12-RC-1112-BB1-3 10.126 378.6 80.075
407 12-RC-1112-BB1-4 10.126 378.7 76.185
408 12-RC-1112-BB1-5 10.126 379.7 73.766
409 12-RC-1112-BB1-6 10.126 379.8 77.211
410 12-RC-1112-BB1-7 10.126 380.6 79.739
411 12-RC-1112-BB1-8 10.126 375.9 82.635
412 12-RC-1112-BB1-9 10.126 374.2 72.894
413 12-RC-1112-BB1-10 10.126 374.8 70.354
414 12-RC-1112-BB1-11 10.126 377.8 69.569
415 12-RC-1125-BB1-1 10.126 369.0 53.122
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416 12-RC-1125-BB1-2 10.126 369.0 51.574
417 12-RC-1125-BB1-3 10.126 369.0 51.308
418 12-RC-1125-BB1-4 10.126 369.0 50.896
419 12-RC-1125-BB1-5 10.126 369.0 50.362
420 12-RC-1125-BB1-6 10.126 369.0 52.702
421 12-RC-1125-BB1-7 10.126 369.0 53.833
422 12-RC-1125-BB1-8 10.126 403.3 97.071
423 12-RC-1125-BB1-9 10.126 390.6 126.010
424 12-RC-1125-BB1-10 10.126 394.2 130.266
425 12-RC-1125-BB1-11 10.126 405.3 131.572
426 12-RC-1125-BB1-12 10.126 405.2 125.822
427 12-RC-1125-BB1-13 10.126 391.0 101.145
428 12-RC-1212-BB1-1 10.126 379.1 92.493
429 12-RC-1212-BB1-2 10.126 379.1 84.260
430 12-RC-1212-BB1-3 10.126 378.7 79.858
431 12-RC-1212-BB1-4 10.126 378.7 74.193
432 12-RC-1212-BB1-5 10.126 379.6 72.712
433 12-RC-1212-BB1-6 10.126 379.8 77.712
434 12-RC-1212-BB1-7 10.126 380.4 79.889
435 12-RC-1212-BB1-8 10.126 377.0 88.716
436 12-RC-1221-BB1-1 10.126 369.0 49.072
437 12-RC-1221-BB1-2 10.126 369.0 47.919
438 12-RC-1221-BB1-3 10.126 369.0 48.316
439 12-RC-1221-BB1-4 10.126 369.0 49.380
440 12-RC-1221-BB1-5 10.126 369.0 50.694
441 12-RC-1221-BB1-6 10.126 369.0 51.995
442 12-RC-1221-BB1-7 10.126 369.0 52.709
443 12-RC-1221-BB1-8 10.126 407.5 92.657
444 12-RC-1221-BB1-9 10.126 390.6 126.946
445 12-RC-1221-BB1-10 10.126 394.2 130.744
446 12-RC-1221-BB1-11 10.126 400.5 139.808
447 12-RC-1221-BB1-12 10.126 405.1 130.682
448 12-RC-1221-BB1-13 10.126 405.3 124.294
449 12-RC-1221-BB1-14 10.126 391.6 98.008
450 12-RC-1312-BB1-1 10.126 379.1 93.195
451 12-RC-1312-BB1-2 10.126 379.1 84.936
452 12-RC-1312-BB1-3 10.126 378.7 80.434
453 12-RC-1312-BB1-4 10.126 378.7 74.697
454 12-RC-1312-BB1-5 10.126 379.6 73.455
455 12-RC-1312-BB1-6 10.126 379.8 78.234
456 12-RC-1312-BB1-7 10.126 380.4 80.193
457 12-RC-1312-BB1-8 10.126 380.1 92.325
458 12-RC-1312-BB1-9 10.126 373.8 79.691
459 12-RC-1312-BB1-10 10.126 374.5 78.063
460 12-RC-1312-BB1-11 10.126 375.3 75.195
461 12-RC-1322-BB1-1 10.126 400.7 132.729
462 12-RC-1322-BB1-1A 10.126 403.1 132.290
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463 12-RC-1322-BB1-2 10.126 405.2 127.855
464 12-RC-1322-BB1-3 10.126 404.2 123.000
465 12-RC-1322-BB1-4 10.126 390.3 98.736
466 12-RH-1101-BB1-1 10.126 377.9 70.068
467 12-RH-1101-BB1-2 10.126 373.9 65.535
468 12-RH-1101-BB1-3 10.126 374.1 66.717
469 12-RH-1101-BB1-3A 10.126 369.2 84.505
470 12-RH-1101-BB1-4 10.126 378.1 81.400
471 12-RH-1101-BB1-5 10.126 378.8 72.574
472 12-RH-1101-BB1-6 10.126 378.9 71.694
473 12-RH-1101-BB1-7 10.126 386.3 71.358
474 12-RH-1101-BB1-8 10.126 376.7 64.248
475 12-RH-1101-BB1-9 10.126 369.0 44.094
476 12-RH-1101-BB1-10 10.126 369.0 44.746
477 12-RH-1101-BB1-11 10.126 369.0 43.999
478 12-RH-1101-BB1-12 10.126 369.0 40.062
479 12-RH-1101-BB1-13 10.126 369.0 43.729
480 12-RH-1101-BB1-14 10.126 369.0 41.014
481 12-RH-1101-BB1-15 10.126 369.0 40.743
482 12-RH-1101-BB1-16 10.126 369.0 41.788
483 12-RH-1201-BB1-1 10.126 375.8 83.660
484 12-RH-1201-BB1-2 10.126 374.0 78.504
485 12-RH-1201-BB1-3 10.126 374.7 74.552
486 12-RH-1201-BB1-4 10.126 373.6 71.393
487 12-RH-1201-BB1-5 10.126 373.9 71.949
488 12-RH-1201-BB1-6 10.126 369.2 86.362
489 12-RH-1201-BB1-7 10.126 378.8 76.238
490 12-RH-1201-BB1-8 10.126 378.8 75.358
491 12-RH-1201-BB1-9 10.126 385.8 75.900
492 12-RH-1201-BB1-10 10.126 376.7 68.210
493 12-RH-1201-BB1-11 10.126 369.0 46.759
494 12-RH-1201-BB1-12 10.126 369.0 45.363
495 12-RH-1201-BB1-13 10.126 369.0 45.051
496 12-RH-1201-BB1-14 10.126 369.0 41.590
497 12-RH-1201-BB1-15 10.126 369.0 39.135
498 12-RH-1201-BB1-16 10.126 369.0 39.496
499 12-RH-1201-BB1-17 10.126 369.0 40.108
500 12-RH-1301-BB1-1 10.126 374.6 71.521
501 12-RH-1301-BB1-2 10.126 374.0 69.204
502 12-RH-1301-BB1-3 10.126 374.2 68.740
503 12-RH-1301-BB1-4 10.126 378.4 68.785
504 12-RH-1301-BB1-5 10.126 377.2 64.645
505 12-RH-1301-BB1-5A 10.126 369.0 42.840
506 12-RH-1301-BB1-6 10.126 369.0 43.094
507 12-RH-1301-BB1-7 10.126 369.0 43.950
508 12-RH-1301-BB1-8 10.126 369.0 42.349
509 12-RH-1301-BB1-9 10.126 369.0 41.884
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510 12-RH-1301-BB1-10 10.126 369.0 41.909
511 12-SI-1125-BB1-1 10.126 369.0 48.405
512 12-SI-1125-BB1-2 10.126 369.0 51.334
513 12-SI-1125-BB1-3 10.126 369.0 52.178
514 12-SI-1125-BB1-4 10.126 369.0 52.364
515 12-SI-1218-BB1-1 10.126 369.0 44.899
516 12-SI-1218-BB1-2 10.126 369.0 47.481
517 12-SI-1218-BB1-3 10.126 369.0 48.511
518 12-SI-1218-BB1-4 10.126 369.0 48.760
519 12-SI-1315-BB1-1 10.126 369.0 34.746
520 12-SI-1315-BB1-2 10.126 369.0 35.185
521 12-SI-1315-BB1-3 10.126 369.0 36.158
522 12-SI-1315-BB1-4 10.126 369.0 36.307
523 12-SI-1315-BB1-5 10.126 369.0 36.249
524 12-SI-1315-BB1-6 10.126 404.5 75.325
525 12-SI-1315-BB1-7 10.126 390.0 102.466
526 12-SI-1315-BB1-8 10.126 390.0 114.531
527 12-SI-1315-BB1-9 10.126 394.2 118.895
528 12-SI-1315-BB1-10 10.126 395.4 123.077
529 16-RC-1412-NSS-1 12.814 369.0 94.749
530 16-RC-1412-NSS-3 12.814 369.0 42.906
531 16-RC-1412-NSS-4 12.814 369.0 39.905
532 16-RC-1412-NSS-5 12.814 386.8 116.592
533 16-RC-1412-NSS-6 12.814 394.0 137.470
534 16-RC-1412-NSS-7 12.814 395.1 150.667
535 16-RC-1412-NSS-8 12.814 423.6 213.394
536 16-RC-1412-NSS-9 12.814 405.4 171.129
537 16-RC-1412-NSS-PRZ-1-N1-SE 12.814 369.0 95.693
538 27.5-RC-1103-NSS-1 27.500 566.9 487.458
539 27.5-RC-1103-NSS-3 3.438 369.0 38.053
540 27.5-RC-1103-NSS-4 10.126 370.9 75.674
541 27.5-RC-1103-NSS-5 3.438 369.0 36.352
542 27.5-RC-1103-NSS-6 27.500 379.1 144.563
543 27.5-RC-1103-NSS-7 27.500 378.1 143.900
544 27.5-RC-1103-NSS-RPV1-N2ASE 27.500 377.3 146.861
545 27.5-RC-1203-NSS-1 27.500 566.9 479.655
546 27.5-RC-1203-NSS-3 10.126 385.9 86.512
547 27.5-RC-1203-NSS-4 27.500 379.1 145.178
548 27.5-RC-1203-NSS-5 27.500 377.5 146.897
549 27.5-RC-1203-NSS-RPV1-N2BSE 27.500 377.3 147.614
550 27.5-RC-1303-NSS-1 27.500 565.3 440.006
551 27.5-RC-1303-NSS-3 10.126 384.4 88.607
552 27.5-RC-1303-NSS-4 3.438 369.0 35.688
553 27.5-RC-1303-NSS-5 27.500 372.1 124.898
554 27.5-RC-1303-NSS-6 27.500 371.0 128.987
555 27.5-RC-1303-NSS-RPV1-N2CSE 27.500 370.8 129.661
556 27.5-RC-1403-NSS-1 27.500 564.2 412.742

continued next page . . .

Thursday 18th June, 2015, 15:25 67 corresponding: keeej@stpegs.com



STPNOC RoverD: Risk over Deterministic GSI-191 Assessment 68 of 76 pages

. . . continued
No. Location DEGB size (in) IOZ (lbm) Fiber fines (lbm)

557 27.5-RC-1403-NSS-3 3.438 369.0 36.641
558 27.5-RC-1403-NSS-4 3.438 369.0 36.440
559 27.5-RC-1403-NSS-5 27.500 370.3 119.306
560 27.5-RC-1403-NSS-6 27.500 369.6 125.846
561 27.5-RC-1403-NSS-RPV1-N2DSE 27.500 369.5 127.394
562 29-RC-1101-NSS-1 29.000 375.5 169.819
563 29-RC-1101-NSS-2 6.813 369.0 60.283
564 29-RC-1101-NSS-3 10.126 378.2 98.873
565 29-RC-1101-NSS-4 29.000 661.0 729.722
566 29-RC-1101-NSS-5.1 29.000 660.0 757.119
567 29-RC-1101-NSS-RPV1-N1ASE 29.000 374.7 170.910
568 29-RC-1101-NSS-RSG-1A-IN-SE 29.000 659.8 757.466
569 29-RC-1201-NSS-1 29.000 375.5 172.501
570 29-RC-1201-NSS-2 6.813 369.0 60.572
571 29-RC-1201-NSS-3 10.126 378.2 96.848
572 29-RC-1201-NSS-4 29.000 661.0 728.453
573 29-RC-1201-NSS-5.1 29.000 660.1 758.053
574 29-RC-1201-RPV1-N1BSE 29.000 374.7 175.363
575 29-RC-1201-RSG-1B-IN-SE 29.000 659.9 758.369
576 29-RC-1301-NSS-1 29.000 375.5 171.604
577 29-RC-1301-NSS-2 6.813 369.0 61.457
578 29-RC-1301-NSS-3 10.126 378.2 96.839
579 29-RC-1301-NSS-4 29.000 659.0 709.871
580 29-RC-1301-NSS-5.1 29.000 657.9 739.159
581 29-RC-1301-RPV1-N1CSE 29.000 374.7 174.390
582 29-RC-1301-RSG-1C-IN-SE 29.000 657.8 739.297
583 29-RC-1401-NSS-1 29.000 375.5 171.069
584 29-RC-1401-NSS-2 12.814 405.4 169.894
585 29-RC-1401-NSS-3 29.000 659.1 690.235
586 29-RC-1401-NSS-4.1 29.000 658.1 718.823
587 29-RC-1401-NSS-RPV1-N1DSE 29.000 374.7 173.943
588 29-RC-1401-NSS-RSG-1D-IN-SE 29.000 657.9 719.152
589 31-RC-1102-NSS-1.1 31.000 649.2 767.924
590 31-RC-1102-NSS-2 31.000 646.7 718.352
591 31-RC-1102-NSS-3 31.000 638.7 633.152
592 31-RC-1102-NSS-4 31.000 601.9 549.192
593 31-RC-1102-NSS-5 1.689 369.0 30.017
594 31-RC-1102-NSS-6 1.689 369.4 30.367
595 31-RC-1102-NSS-7 2.626 369.0 32.929
596 31-RC-1102-NSS-8 31.000 584.8 486.734
597 31-RC-1102-NSS-9 31.000 581.1 493.428
598 31-RC-1102-NSS-RSG-1A-ON-SE 31.000 649.2 768.024
599 31-RC-1202-NSS-1.1 31.000 649.2 765.456
600 31-RC-1202-NSS-2 31.000 646.7 717.937
601 31-RC-1202-NSS-3 31.000 638.8 635.722
602 31-RC-1202-NSS-4 31.000 601.9 554.156
603 31-RC-1202-NSS-5 1.689 369.0 30.033
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. . . continued
No. Location DEGB size (in) IOZ (lbm) Fiber fines (lbm)

604 31-RC-1202-NSS-6 2.626 369.0 32.952
605 31-RC-1202-NSS-7 1.689 369.4 30.321
606 31-RC-1202-NSS-8 31.000 584.9 486.187
607 31-RC-1202-NSS-9 31.000 581.1 488.315
608 31-RC-1202-NSS-RSG-1B-ON-SE 31.000 649.2 765.510
609 31-RC-1302-NSS-1.1 31.000 647.1 736.975
610 31-RC-1302-NSS-2 31.000 644.6 690.002
611 31-RC-1302-NSS-3 31.000 636.6 611.466
612 31-RC-1302-NSS-4 31.000 599.8 523.709
613 31-RC-1302-NSS-5 1.689 369.0 30.053
614 31-RC-1302-NSS-6 2.626 369.0 32.895
615 31-RC-1302-NSS-7 3.438 373.7 36.677
616 31-RC-1302-NSS-8 31.000 582.9 449.839
617 31-RC-1302-NSS-9 31.000 579.2 444.278
618 31-RC-1302-NSS-RSG-1C-ON-SE 31.000 647.1 736.975
619 31-RC-1402-NSS-1.1 31.000 647.2 708.511
620 31-RC-1402-NSS-2 31.000 644.7 657.787
621 31-RC-1402-NSS-3 31.000 636.8 573.578
622 31-RC-1402-NSS-4 31.000 599.9 486.752
623 31-RC-1402-NSS-5 1.689 369.0 30.021
624 31-RC-1402-NSS-6 2.626 369.0 32.918
625 31-RC-1402-NSS-7 1.689 369.4 30.298
626 31-RC-1402-NSS-8 31.000 583.0 414.764
627 31-RC-1402-NSS-9 31.000 579.1 409.098
628 31-RC-1402-NSS-RSG-1D-ON-SE 31.000 647.2 708.563

Table 20: Single train data for weld locations in the risk-informed category listing the ith weld number
ordered by increasing break size, location (Break location), break size (Dsmall

i (in)), and mass of fiber in
the sump for the scenario (Dsmall

i fines (lbm))

No. Break location Dsmall
i (in) Dsmall

i fines (lbm)

1 16-RC-1412-NSS-8 9.550 95.892
2 31-RC-1102-NSS-1.1 9.890 95.914
3 31-RC-1102-NSS-RSG-1A-ON-SE 9.890 95.926
4 31-RC-1202-NSS-1.1 9.960 95.929
5 31-RC-1202-NSS-RSG-1B-ON-SE 9.960 95.922
6 31-RC-1302-NSS-RSG-1C-ON-SE 9.980 95.964
7 12-RC-1221-BB1-9 10.016 95.912
8 12-RC-1221-BB1-11 10.016 95.942
9 12-RC-1125-BB1-9 10.036 95.896
10 29-RC-1301-NSS-4 10.100 95.892
11 29-RC-1401-NSS-3 10.120 95.927
12 12-RC-1112-BB1-1 10.126 97.467
13 12-RC-1125-BB1-8 10.126 97.071
14 12-RC-1125-BB1-10 10.126 130.266
15 12-RC-1125-BB1-11 10.126 131.572
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. . . continued
No. Break location Dsmall

i (in) Dsmall
i fines (lbm)

16 12-RC-1125-BB1-12 10.126 125.822
17 12-RC-1125-BB1-13 10.126 101.145
18 12-RC-1221-BB1-10 10.126 130.744
19 12-RC-1221-BB1-12 10.126 130.682
20 12-RC-1221-BB1-13 10.126 124.294
21 12-RC-1221-BB1-14 10.126 98.008
22 12-RC-1322-BB1-1 10.126 132.729
23 12-RC-1322-BB1-1A 10.126 132.290
24 12-RC-1322-BB1-2 10.126 127.855
25 12-RC-1322-BB1-3 10.126 123.000
26 12-RC-1322-BB1-4 10.126 98.736
27 12-SI-1315-BB1-7 10.126 102.466
28 12-SI-1315-BB1-8 10.126 114.531
29 12-SI-1315-BB1-9 10.126 118.895
30 12-SI-1315-BB1-10 10.126 123.077
31 29-RC-1101-NSS-3 10.126 98.873
32 29-RC-1201-NSS-3 10.126 96.848
33 29-RC-1301-NSS-3 10.126 96.839
34 29-RC-1101-NSS-4 10.160 95.936
35 29-RC-1101-NSS-RSG-1A-IN-SE 10.170 95.979
36 29-RC-1101-NSS-5.1 10.180 96.006
37 29-RC-1201-NSS-4 10.190 95.916
38 31-RC-1302-NSS-1.1 10.210 95.973
39 29-RC-1301-RSG-1C-IN-SE 10.220 95.912
40 29-RC-1301-NSS-5.1 10.230 95.904
41 29-RC-1201-RSG-1B-IN-SE 10.290 95.943
42 31-RC-1202-NSS-2 10.290 95.999
43 29-RC-1201-NSS-5.1 10.300 95.990
44 31-RC-1102-NSS-2 10.340 95.964
45 29-RC-1401-NSS-RSG-1D-IN-SE 10.390 95.912
46 31-RC-1302-NSS-2 10.390 95.960
47 29-RC-1401-NSS-4.1 10.400 95.975
48 31-RC-1402-NSS-1.1 10.570 95.899
49 31-RC-1402-NSS-RSG-1D-ON-SE 10.570 95.912
50 16-RC-1412-NSS-7 10.740 95.977
51 31-RC-1402-NSS-2 10.830 95.927
52 16-RC-1412-NSS-9 10.970 95.891
53 29-RC-1401-NSS-2 10.980 95.916
54 16-RC-1412-NSS-6 11.040 95.896
55 27.5-RC-1203-NSS-1 11.180 95.917
56 27.5-RC-1303-NSS-1 11.180 95.895
57 31-RC-1202-NSS-4 11.220 95.929
58 27.5-RC-1103-NSS-1 11.270 95.913
59 31-RC-1202-NSS-8 11.330 95.938
60 31-RC-1102-NSS-4 11.340 95.968
61 31-RC-1302-NSS-4 11.400 95.952
62 31-RC-1102-NSS-8 11.530 95.903

continued next page . . .

Thursday 18th June, 2015, 15:25 70 corresponding: keeej@stpegs.com



STPNOC RoverD: Risk over Deterministic GSI-191 Assessment 71 of 76 pages

. . . continued
No. Break location Dsmall

i (in) Dsmall
i fines (lbm)

63 31-RC-1202-NSS-3 11.570 95.910
64 31-RC-1302-NSS-3 11.610 95.961
65 31-RC-1102-NSS-3 11.640 95.941
66 31-RC-1302-NSS-8 11.750 95.961
67 31-RC-1102-NSS-9 11.980 95.932
68 31-RC-1202-NSS-9 12.000 95.894
69 31-RC-1302-NSS-9 12.170 95.917
70 16-RC-1412-NSS-5 12.334 95.897
71 27.5-RC-1403-NSS-1 12.410 95.905
72 31-RC-1402-NSS-3 12.540 95.924
73 31-RC-1402-NSS-4 12.620 96.038
74 31-RC-1402-NSS-8 13.460 95.990
75 31-RC-1402-NSS-9 14.170 95.895
76 27.5-RC-1103-NSS-RPV1-N2ASE 23.600 95.907
77 27.5-RC-1203-NSS-5 23.660 95.899
78 27.5-RC-1203-NSS-RPV1-N2BSE 23.730 95.895
79 29-RC-1401-NSS-1 24.230 95.910
80 29-RC-1401-NSS-RPV1-N1DSE 24.280 95.900
81 29-RC-1101-NSS-1 24.380 95.939
82 29-RC-1301-NSS-1 24.400 95.916
83 29-RC-1301-RPV1-N1CSE 24.510 95.921
84 29-RC-1101-NSS-RPV1-N1ASE 24.550 95.914
85 29-RC-1201-NSS-1 24.780 95.899
86 29-RC-1201-RPV1-N1BSE 24.870 95.906
87 27.5-RC-1203-NSS-4 26.340 95.890
88 27.5-RC-1103-NSS-6 26.680 95.891
89 27.5-RC-1103-NSS-7 27.260 95.895
90 27.5-RC-1303-NSS-5 27.500 124.898
91 27.5-RC-1303-NSS-6 27.500 128.987
92 27.5-RC-1303-NSS-RPV1-N2CSE 27.500 129.661
93 27.5-RC-1403-NSS-5 27.500 119.306
94 27.5-RC-1403-NSS-6 27.500 125.846
95 27.5-RC-1403-NSS-RPV1-N2DSE 27.500 127.394
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8 Acronyms
AFW Auxiliary Feed Water

CAD Computer Aided Design

CASA Grande Containment Accident Stochastic
Analysis (CASA) Grande

CCW Component Cooling Water System

CDF Core Damage Frequency

CFD Computational fluid dynamics

∆CDF Change in core damage frequency
above a baseline level

∆LERF Change in large early release
frequency above a baseline level

CLB Cold Leg Break

CSS Containment Spray System

DEGB Double-Ended Guillotine Break

ECCS Emergency Core Cooling System

EOP Emergency Operating Procedures

FA Fuel Assembly. Several fuel
assemblies are loaded in the
reactor vessel to form the reactorcore

FIDOE FIber Diffusion Operations Engine;
application that solves fiber mass
conservation

GSI-191 Generic Safety Issue 191 - the NRC
Generic Safety Issue number 191

HHSI High Head Safety Injection

HLB Hot Leg Break

IOZ Inorganic zinc

INL Idaho National Laboratory

LDFG Low Density Fiberglass (such as
NUKONTM)

LERF Large Early Release Frequency

LHSI Low Head Safety Injection

LLOCA Large Break Loss of Coolant
Accident

LOCA Loss of Coolant Accident

LWR Light Water Reactor

MFW Main Feed Water

MLOCA Medium Break Loss of Coolant
Accident

NRC The Nuclear Regulatory
Commission

PCT Peak Cladding Temperature

PRA Probabilistic Risk Assessment

PWR Pressurized Water Reactor

PWROG Pressurized Water Reactor Owners
Group

RCB Reactor Containment Building

RCFC The Reactor Containment Fan
Coolers

RCP Reactor Coolant Pump

RCS Reactor Coolant System

RHR Residual Heat Removal System

RoverD Risk-informed Over Deterministic

RWST Refueling Water Storage Tank

SI Safety Injection System

SLOCA Small Break Loss of Coolant
Accident

STP South Texas Project

STL stereolithography file format

ZOI Zone of Influence

Di The break size at any particular
location (locations indexed by
i = 1, 2, . . . , N)

Dsmall
i corresponds to the smallest break

size at any particular location that
produces more fines in the ECCS
sump than the tested amount
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