NUHOMS® EOS System Safety Analysis Report Rev. 5, 04/16

CHAPTER 5

CONFINEMENT

Table of Contents
5. CONFINEMENT .....ccoviniirriisensecssecsessncssnssssssnsssessssssssssssssssessssssassans e 5-1
5.1 Confinement BOUNAALY .....ueiiiiiivniicnissnnrecssssnniccsssnsscssssssssssssssssssssssssssssssssssssssssssess 5-2
5.1.1 Boundary Definition/Design Features ...........cccceeviveeniieeniieeriie e 5-2
5.1.2 Confinement Penetrations............cccueeeiveieiieeeiiiee e 5-3
5.1.3 Seals and WeldS ....c..ooieiuiiiiiieieeeeeee s 5-3
5.1.4 CIOSUTI® ...ttt ettt e e et e e et e e s teeeeatae e saaeessseeesseeesseeesseennns 5-3
5.2 DeSIZN Criteria ...cccvcericsserissseresssancsssnssssrcssssnsssssssssssssssssessssssssssssssssssssssssssssossssssssnss 5-4
5.2.1  Requirements for Normal Conditions of Storage ............ccccceveeveervereennenne 5-4
5.2.2 Confinement Requirements for Hypothetical Accident Conditions........... 5-4
5.3 REICICICES c.uuueeeueirireerisnreiseeessenessneesssnecsssnessssnesssssesssssesssssessssesssssesssssessssssssssassssses 5-6

Page 5-i



NUHOMS® EOS System Safety Analysis Report Rev. 5, 04/16

List of Figures
Figure 5-1 DSC Confinement Boundaries and Welds............cccoovviieniiiinciiiciece e, 5-7

Page 5-ii



NUHOMS® EOS System Safety Analysis Report Rev. 5, 04/16

3. CONFINEMENT

The confinement evaluation described in this chapter is applicable to the EOS 37PTH
dry shielded canister (DSC) and the EOS 89BTH DSC.
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5.1.1

5.1 Confinement Boundary

The EOS-37PTH and EOS-89BTH DSCs are high integrity stainless steel or duplex
steel welded vessels that provide confinement of radioactive materials, encapsulate the
fuel in a helium atmosphere, and provide biological shielding during DSC closure and
transfer and storage operations. The DSCs are designed to maintain confinement of
radioactive material within the limits of 10 CFR 72.104(a), 10 CFR 72.106(b) and

10 CFR 20 under normal, off-normal, and credible accident conditions. Chapter 3 and
associated appendices conclude that the design, including the helium atmosphere
within the DSC, will adequately protect the spent fuel cladding against degradation
that might otherwise lead to gross ruptures during storage. The design ensures that
fuel degradation during storage will not pose operational safety problems with respect
to removal of the fuel from storage.

The confinement boundary is shown in Figure 5-1. The DSC cylindrical shell, the
inner top cover and inner bottom cover form the confinement boundary for the spent
fuel. The drain port cover, vent plug and welds are also included in the confinement
boundary. The outer top cover plate is an attachment to the confinement boundary
that provides bearing to help support the inner top cover plate, and is therefore subject
to ASME Code Subsection NB per ASME Figure NB-1132.2-3 note 6. The outer
bottom cover plate is not needed to support the inner bottom cover plate under design
pressure and is not in the component support path. It is thus outside ASME Code
jurisdiction per ASME Figure NB-1132.2-2 note 5 and NB-2190(b). The dimensions
and material descriptions for the confinement boundary assemblies and the
redundantly welded barriers are discussed in Chapter 1. The components important-
to-safety are identified in Chapter 2.

Boundary Definition/Design Features

The cylindrical shell to bottom cover plate welds are made during fabrication of the
DSCs, and are fully compliant with ASME Section III, Subsection NB. The welds
between the cylindrical shell and inner top cover (including drain port cover and vent
plug welds) are made after fuel loading. These welds are designed, fabricated,
inspected, and tested using alternatives to the ASME code specified in Section 4.4.4 of
the Technical Specifications [5-3].

Stringent design and fabrication requirements ensure that the confinement function of
the DSC is maintained. The cylindrical shell and inner bottom cover are pressure
tested in accordance with the ASME Code, Section III, Subarticle NB-6300. This
pressure test is performed after installation of the inner bottom cover at the fabricator’s
facility and may be performed concurrently with the leak test, provided the
requirements of NB-6300 are met.

A leak test of the shell assembly, including the inner bottom cover, is performed in
accordance with ANSI N14.5 [5-1] and the ASME Code, Section V, Article 10. These
tests are typically performed at the fabricator’s facility. The acceptance criteria for the
test are “leaktight” as defined in ANSI N14.5.
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The process for leak testing the DSC involves temporarily sealing the shell from the
top end. The gas-filled envelope and evacuated envelope testing methodologies have
the required nominal test sensitivity for leaktight construction and are used for leak
testing. A helium mass spectrometer is used to detect any leakage as defined in
ANSI N14.5. During final drying and sealing operations of the DSC, the top closure
confinement welds are applied to confine radioactive materials within the cavity.

The inner top cover weld is welded to the DSC shell using automated welding
equipment. Once the DSC has been vacuum dried, a pressure test is performed by
backfilling the DSC cavity with helium. Following the satisfactory completion of the
pressure test, the drain port cover and vent plug are welded, and a leak test is
performed to verify that the weld between the DSC shell and the inner top cover, drain
port cover and vent plug meet the leaktight criteria of ANSI N14.5. The outer top
cover plate is also welded in place using automated welding equipment.

Confinement Penetrations

All penetrations in the DSC confinement boundary are welded closed. The DSC is
designed to have no credible leakage as described above.

Seals and Welds

The welds made during fabrication of the DSC that affect the confinement boundary
include the weld applied to the shell bottom, and the circumferential and longitudinal
seam welds applied to the cylindrical shell. These welds are inspected (radiographic
or ultrasonic inspection, and liquid penetrant inspection (PT)) according to the
requirements of Subsection NB of the ASME Code.

The welds applied to the drain port cover, vent plug, and the inner top cover during
closure operations define the confinement boundary at the top end of the DSC. These
welds are applied using a multiple-layer technique with multi-level PT in accordance
with alternatives to the ASME code as specified in Section 4.4.4 of the Technical
Specifications [5-3]. This effectively eliminates any pinhole leak that might occur in a
single-pass weld, since the chance of pinholes being in alignment on successive weld
passes is negligibly small. Figure 5-1 provides a graphic representation of the
confinement boundaries and welds.

Closure

Because the DSC is closed entirely by welding, there are no closure devices utilized
for confinement.
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5.2.1

5.2.1.1

52.1.2

522

5221

52 Design Criteria

Requirements for Normal Conditions of Storage

The DSC shell is designed to prevent the leakage of radioactive materials. No
discernable, undetected leakage is credible and the dose at the controlled area
boundary from atmospheric release is negligible.

Release of Radioactive Material

Because the DSC is designed to have no credible leakage, Revision 1 of NUREG 1536
[5-2] does not require analyses for determining the annual dose equivalent from
releases of radioactive material to an individual located at the site boundary or outside
the controlled area. Analyses required for determining the annual dose equivalent
based on direct radiation for normal, off-normal, and accident conditions are discussed
in Chapters 11 and 12.

Pressurization of Confinement Vessel

The design provides for drying and evacuation of the DSC interior as part of the
loading operations. As discussed in Chapter 4, the design is acceptable for the
pressures that may be experienced during these operations. On completion of fuel
loading, the gas fill of the DSC interior is at a pressure level that will maintain a
non-reactive environment for at least the 80-year storage life of the DSC interior under
normal, off-normal, and accident conditions.

Confinement Requirements for Hypothetical Accident Conditions

Fission Gas Products

The DSC confinement boundary is designed to prevent the leakage of radioactive
materials. The analyses presented in Chapters 3 and 12 demonstrate that the
confinement boundary is not compromised following hypothetical accident conditions.
Therefore, estimating the maximum quantity of fission gas products is not necessary in
accordance with Revision 1 of NUREG 1536.
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5222

5223

Release of Contents

The DSC confinement boundary is designed to prevent the leakage of radioactive
materials. The analyses presented in Chapters 3 and 12 demonstrate that the
confinement boundary is not compromised following hypothetical accident conditions.
End and corner drops are not considered credible events during storage and transfer.
However, the DSC and EOS-TC have been evaluated for these drops to support
evaluations required for postulated events under 10 CFR Part 50 and 10 CFR Part 71.
The cladding integrity must be demonstrated by the user for 10 CFR Part 50
postulated end drops and will be evaluated in the 10 CFR Part 71 transport safety
analysis report for hypothetical accidents during transport. Therefore, confinement
analyses for the release of radioactive materials are not necessary in accordance with
Revision 1 of NUREG 1536.

Confinement Monitoring Capability

The NUHOMS® EOS System is a self-contained, passive system that does not
produce routine, solid, liquid or gaseous effluents. Effluent processing systems, or
monitoring for airborne or liquid radioactivity, are not required to protect personnel or
the environment during storage conditions. Since the DSC is closed entirely by
welding, a closure monitoring system is not utilized in accordance with Revision 1 of
NUREG 1536.
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6. SHIELDING EVALUATION

The EOS system is designed to store intact pressurized water reactor (PWR) and
boiling water reactor (BWR) fuel assemblies (FAs) within the EOS-37PTH dry
shielded canister (DSC) and EOS-89BTH DSC, respectively. The transfer casks
(TCs) EOS-TC108 and EOS-TC125/135 are used to transfer the EOS-DSC to the EOS
horizontal storage module (EOS-HSM). Normal and off-normal condition, near-field
dose rates are presented in this chapter for the EOS-TC and EOS-HSM. Detailed
three-dimensional dose rate calculations are performed to determine the dose rate
fields around the EOS-TCs during loading, decontamination, welding, drying, and
transfer operations. Detailed three-dimensional dose rate calculations are also
performed to determine the dose rate fields around an EOS-HSM. These near-field
dose rates are used as input to the dose assessment documented in Chapter 11,
Radiation Protection.

The methodology, source terms, and dose rates presented in this chapter are developed
to be reasonably bounding for general licensee implementation of the EOS System.
These results may be used in lieu of near-field calculations by the general licensee,
although the inputs utilized in this chapter should be evaluated for applicability by
each site. Site-specific EOS-TC and EOS-HSM near-field calculations may be
performed by the general licensee to modify key input parameters.

Compliance with 10 CFR 72.106 is demonstrated in this chapter for a loss of neutron
shield accident for a single EOS-TC. Further, site dose calculations for an array of
EOS-HSMs under normal, off-normal, and accident conditions are documented in
Chapter 11, based on the near-field EOS-HSM results presented in this chapter.
Because the number and arrangement of EOS-HSMs and the distance to the site
boundary is site-specific, compliance with 10 CFR 72.104 and 10 CFR 72.106 for an
array of EOS-HSMs can only be demonstrated using a site-specific calculation. Inputs
for the site dose calculations developed in the current chapter may be directly used as
input to a site-specific dose calculation by the general licensee.
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6.1 Discussions and Results

The following is a summary of the methodology and results of the shielding analysis
of the EOS system. More detailed information is presented in the body of the chapter.

The EOS-37PTH DSC stores up to 37 PWR FAs, while the EOS-89BTH stores up to
89 BWR FAs. Each EOS-DSC is configured into three heat load zones in order to
optimize the system performance for both thermal and shielding considerations. The
bounding heat load zoning configurations for fuel qualification are provided in
Figure 6-1 and Figure 6-2 for PWR and BWR fuel, respectively. Fuel to be stored is
limited by the decay heat and minimum cooling times provided with these figures.

Source Terms

The ORIGEN-ARP module of the Oak Ridge National Laboratory (ORNL)
SCALES6.0 code package [6-1] is used to develop reasonably bounding gamma and

neutron source terms. [

]

Control components (CCs) are allowed to be stored within a PWR FA. Examples of
CCs include burnable poison rod assemblies (BPRAs) and thimble plug assemblies.
Control components typically have a Co-60 source because of its light element
activation, which contributes substantially to the dose rates. The CC source term is
provided in Table 6-37. CCs should be limited as follows:

e Zones 1,2, and 3: 308 Ci Co-60 per CC in the active fuel region
e Zones land2: 63.0 Ci Co-60 per CC in the combined plenum/top region
e Zone 3: 24.3 Ci Co-60 per CC in the combined plenum/top region

BWR fuel does not include CCs other than the fuel channel, which is conservatively
included in the source term. The BWR fuel channel is fabricated from zirconium alloy
and does not require a Co-60 limit because the contribution to the source term from
the fuel channel is negligible.
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Dose Rates

The Monte Carlo transport code, MCNPS [6-5], is used to compute dose fields around
the EOS-TCs and EOS-HSM using detailed three-dimensional models for the
following normal configurations:

EOS-37PTH DSC inside the EOS-TC108
EOS-37PTH DSC inside the EOS-TC125/135
EOS-37PTH DSC inside the EOS-HSM-Short
EOS-89BTH DSC inside the EOS-TC108
EOS-89BTH DSC inside the EOS-TC125/135
EOS-89BTH DSC inside the EOS-HSM-Medium

The EOS-TC125 and EOS-TC135 provide equivalent shielding, but accommodate
different DSC lengths. The EOS-TC135 is used only with the EOS-37PTH DSC. The
EOS-TC125 and EOS-TC135 designs are bounded by the same Monte Carlo N-
particle (MCNP) model and are referred to in this chapter as EOS-TC125/135. The
EOS-TC108 offers less shielding than the EOS-TC125/135 and features a removable
neutron shield. The neutron shield is removed for fuel loading and attached
subsequent to fuel loading. The neutron shield for the EOS-TC125/135 is integral to
the cask and cannot be removed.
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The EOS-37PTH and EOS-89BTH DSCs are custom-built for the fuel to be stored
and, therefore, do not have a standard length. BWR fuel is typically longer than PWR
fuel, so the EOS-89BTH DSC is longer than the EOS-37PTH DSC in the MCNP
models. To accommodate the various DSC lengths, three versions of the EOS-HSM
are available: short, medium, and long. In the EOS-HSM models, the EOS-37PTH
DSC is paired with the EOS-HSM-Short, while the EOS-89BTH DSC is paired with
the EOS-HSM-Medium, as these are the smallest EOS-HSMs that can accommodate
the modeled EOS-DSCs.

All EOS-37PTH DSC calculations conservatively include both the FA and CC
sources. BWR fuel does not include CC, other than the fuel channel, which is
conservatively included in the source term.

Based on the near-field dose rates calculated for the EOS-TCs, a dose assessment is
performed for the EOS-TC loading operation. This dose assessment is documented in
Chapter 11.
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The shielding effectiveness of the EOS-TC and EOS-HSM is not impacted by any
off-normal events. Two accident events have been identified:

e Loss of neutron shielding for the EOS-TCs

e Loss of EOS-HSM outlet vent covers due to a tornado or missile event

MCNP cases are developed for the EOS-HSM in which the vent covers are absent.
The EOS-HSM accident increases the average dose rate on the roof of the module to
7400 mrem/hr. The fluxes and dose rates on the surface of the EOS-HSM in an
accident condition are used as input to an accident site dose calculation documented in
Chapter 11.
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6.2 Source Specification

Design basis source terms for PWR and BWR fuels are developed in this section. The
source terms are developed to be reasonably bounding consistent with the limits on
fuel qualification. A site-specific analysis must evaluate the site-specific used fuel to
be stored and determine if the parameters utilized in the FSAR analysis are bounding
and appropriate. Site-specific source terms may be different than the source terms
presented herein. However, the source terms presented in this chapter were developed

to bound most used fuels and will result in reasonably bounding dose rates.

Fuel types that are authorized for storage are provided in Chapter 2. These fuel types
may be divided into PWR and BWR fuel types. The list of authorized fuels is
summarized below.

PWR

Westinghouse (WE) 14x14 class

WE 15x15 class

WE 17x17 class

Babcock & Wilcox (B&W) 15x15 class
Combustion Engineering (CE) 14x14 class
CE 15x15 class

CE 16x16 class

BWR

[

7x7 lattice array type
8x8 lattice array type
9x9 lattice array type
10x10 lattice array type
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6.2.1

6.2.2

Computer Programs

Source terms are generated using the ORIGEN-ARP module of SCALE6.0.
ORIGEN-ARP is a control module for the ORIGEN-S computer program.
ORIGEN-ARP allows a simplified input description that can rapidly compute source
terms and decay heat compared to a full two-dimensional SCALE6.0/TRITON
calculation.

Prior to using ORIGEN-ARP, detailed two-dimensional models of the design basis
PWR and BWR FAs are developed in TRITON using the FA design data in Chapter 2.
TRITON is used to generate ORIGEN-ARP data libraries as a function of burnup and
enrichment. These libraries are collapsed from the ENDF/B-VII 238-group cross
section library and are used by ORIGEN-ARP to compute the source terms.

ORIGEN-ARP uses interpolated cross section libraries to generate source terms that
are essentially equivalent to the detailed TRITON runs. TRITON has been
benchmarked against experimentally measured isotopes and results in excellent
agreement with the measured data in ORNL/TM-2010 SCALE 5.1 [6-2]. As part of
the code validation, the TRITON benchmark cases from SCALE 5.1 are rerun using
the ENDF/B-VII 238-group cross section library. The isotopes important for shielding
for which benchmark data are available include Cs-137/Ba-137m, Cs-134, Eu-154,
Ce-144/Pr-144, Ru-106/Rh-106, Sr-90/Y-90, and Cm-244. The average ratio of the
measured to calculated concentration for these nuclides is close to unity, indicating
that TRITON/ORIGEN-ARP is an acceptable program for source term generation.

PWR and BWR Source Terms

[
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Sources are developed for a variety of different enrichments. For a particular U-235
enrichment, the uranium fuel loading is distributed according to the following
relationship from the SCALE 6.0 manual:

e wt. % U-234=0.0089 * wt. % U-235
o wt. % U-236 = 0.0046 * wt. % U-235
o wt. % U-238 =100 — wt. % U-234 — wt. % U-235 — wt. % U-236
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The EOS-DSC baskets are zoned by heat load. Heat load zoning allows hotter FAs,
which generally have larger neutron and gamma source terms, to be placed in the inner
zones and be shielded by FAs in the outer zone. The heat load zoning configurations
conservative for shielding analysis for the EOS-37PTH and EOS-89BTH DSCs are
shown in Figure 6-1 and Figure 6-2, respectively. The EOS-TC108 and
EOS-TC125/135 have different heat load zone configurations because the
EOS-TC125/135 is more heavily shielded than the EOS-TC108 and can therefore be
loaded with stronger sources.

Because the FAs are zoned by heat load, it is necessary to develop source terms for
each zone. Candidate sources are developed for high burnup (62 GWd/MTU),
medium burnup (50 GWd/MTU) and lower burnup (40 GWd/MTU) fuel. Cooling
time is selected so that the decay heat meets or exceeds the heat load limit for each
zone. Because the cooling time required at these burnups is generally much larger
than the minimum allowed cooling time for each zone, the burnup that results in a
cooling time that matches the minimum cooling time for each zone is also determined.
From these four candidate burnup/cooling time combinations, a bounding source for
each zone is selected.
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The EOS-TC108 and EOS-TC125/135 feature reduced lead thickness next to the top
nozzle region of the fuel assembly. For this reason, the maximum dose rate at the side
of the EOS-TC occurs next to the top nozzle rather than the active fuel. The dose rate
at this location is due almost entirely to Co-60 in the top nozzle and plenum regions of
the FA. Therefore, to be conservative, the burnup/enrichment/cooling time
combination that maximizes Co-60 activity is used to develop the top nozzle, plenum,
and bottom nozzle sources. The computed Co-60 activity for each
burnup/enrichment/cooling time is provided in the last column of Table 6-8 and

Table 6-9 and represents the total Co-60 present in the FA. These Co-60 activities are
only used for ranking the sources. For the active fuel region, the
burnup/enrichment/cooling time combination that maximizes dose rate next to the
active fuel is used to develop the active fuel region sources. The final “hybrid”
sources are very conservative because the hardware is integral to the FA and the
hardware and active fuel cannot be at different burnups/cooling times.

Based on EOS-TC and EOS-HSM dose rates (for the active fuel) and Co-60 activity
(for the end hardware), reasonably bounding burnup/enrichment/cooling time
combinations are determined. For these burnup/enrichment/cooling time
combinations, the sources in the bottom nozzle, active fuel, plenum, and top nozzle are
computed using the appropriate light elements from Table 6-5 and Table 6-6.
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6.2.3

During an EOS-TC accident, it is postulated that the water in the neutron shield is lost.
In this scenario, there is no hydrogenous neutron shield and the neutron dose rate
dominates the primary gamma dose rate. Therefore, the highest allowed burnup (62
GWd/MTU) is used in accident calculations with no neutron shield because the
neutron source is maximized for high-burnup fuel. In many cases, the normal
condition and accident condition sources are the same.

PWR source terms are reported in the following tables:

e PWR sources terms for EOS-TC108: Table 6-10 through Table 6-13
e PWR source terms for EOS-TC125/135: Table 6-14 through Table 6-16
e PWR source terms for EOS-HSM: Table 6-17 through Table 6-19

BWR source terms are reported in the following tables:

e BWR sources terms for EOS-TC108: Table 6-20 through Table 6-22
e BWR source terms for EOS-TC125/135:  Table 6-23 through Table 6-26
e BWR source terms for EOS-HSM: Table 6-27 through Table 6-29

In these tables, the “raw” neutron source computed by ORIGEN-ARP is provided, as
well as neutron sources that include neutron peaking factors and subcritical neutron
multiplication. These factors are derived in Section 6.2.3. The scaled neutron sources
are used in the detailed MCNP dose rate calculations. Only the total neutron source
magnitude is reported because the Cm-244 spectrum is used in all dose rate
calculations for simplicity because the neutron source is almost entirely due to Cm-
244 decay. For example, for the 62 GWd/MTU, 10.25 year cooled PWR source, 95%
of the neutron source is due to spontaneous fission of Cm-244. Cm-244 is also the
dominant neutron source for shorter cooling times. For instance, for a 36.178
GWd/MTU, three-year cooled PWR source, Cm-244 represents 97% of the total
neutron source. The effect on the neutron spectrum of neutron source isotopes with
shorter half-lives, such as Cm-242 and C{-252, is negligible.

Axial Source Distributions and Subcritical Neutron Multiplication

ORIGEN-ARP is used to compute source terms for the average assembly burnup.
However, an FA will exhibit an axial burnup profile in which the fuel is more highly
burned near the axial center of the fuel assembly and less burned near the ends. This
axial burnup profile must be taken into account when performing dose rate
calculations, as the dose rate will typically peak near the maximum of this distribution.
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The PWR axial burnup profile is taken from NUREG/CR-6801 [6-6] for fuel in the
burnup range 26-30 GWd/MTU and is provided in Table 6-30. As fuel is more highly
peaked for lower burnups, this distribution is more conservative than a flatter
high-burnup distribution. The gamma source term varies proportionally to axial
burnup, while neutron source terms vary exponentially with burnup by a power of 4.0
to 4.2 [6-7]. Therefore, the burnup profile is used as the gamma axial source
distribution, while the neutron axial source distribution is derived as the burnup profile
raised to the power of 4.2.

The average value of the neutron source distribution is 1.215, as shown in Table 6-30.
This value has a physical meaning, as it is the ratio of the total neutron source from an
FA with the given axial burnup profile to an assembly with a flat burnup profile. The
neutron source term as computed by ORIGEN-ARP is for a flat burnup profile
(average assembly burnup). Therefore, the “raw” PWR neutron source computed by
ORIGEN-ARP is scaled by the factor 1.215 to account for the burnup profile.

For clarity, both the gamma and neutron axial source distributions are renormalized to
sum to 1.0, as shown in Table 6-30. When normalized in this manner, the source
distribution is the fraction of the source in each axial segment. For example, the
fraction of the neutron source in axial segment 10 is 0.0781, or 7.81%.

The BWR axial burnup profile is taken from [6-8] for fuel with a burnup of

40.2 GWd/MTU and is provided in Table 6-31. This distribution is highly peaked and
is conservative. The BWR gamma and neutron source distributions are derived using
the same method used for the PWR source distributions. The average value of the
BWR neutron source distribution is 1.232, and the “raw” neutron sources computed by
ORIGEN-ARP are increased by this factor to account for the burnup profile.

ORIGEN-ARP does not account for subcritical neutron multiplication. Subcritical
neutron multiplication is taken into account by multiplying the neutron source by 1/(1-
k), where k is the multiplication factor for the system. When the system is dry, k is
low due to the lack of moderation as well as burnup of the fuel. For dry analysis, k is
assumed to be 0.40. When the system is wet, such as during decontamination of the
EOS-TC, k is larger. For wet analysis, k is assumed to be 0.65. This value of k is
reasonable for shielding calculations because the fuel is burned and heavily poisoned.
Fresh or lightly burned fuel would have a higher value for k, but fresh or lightly
burned FAs have a small neutron source. Because the neutron source increases
proportional to the 4.2 power of the burnup, large neutron sources occur only at high
burnups, and for such burnups a k of 0.65 is reasonable.

The effect on the neutron source of both the axial source distribution and subcritical
neutron multiplication are combined, as shown in the source term tables (Table 6-10
and Table 6-29). For PWR sources, the “raw” ORIGEN-ARP neutron sources are
scaled by 1.215/(1-0.40) = 2.025 for dry analysis and 1.215/(1-0.65) = 3.471 for wet
analysis. For BWR sources, the “raw” ORIGEN-ARP neutron sources are scaled by
1.232/(1-0.40) = 2.053 for dry analysis and 1.232/(1-0.65) = 3.520 for wet analysis.
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6.2.4

The only analysis that uses the wet neutron source term is the loading/decontamination
stage of the EOS-TCs. After loading/decontamination the EOS-TCs are modeled as
dry. No wet neutron sources are provided in the EOS-HSM source term tables
because the DSC is always dry when inside the EOS-HSM.

Control Components

Control components may also be included with the PWR FAs. For BWR fuel, the fuel
channel and associated attachment hardware is included in the BWR source presented
in Section 6.2.2, so it will not be discussed in this section. While CCs do not contain
fuel, these items result in a source term, primarily due to activation of the Co-59
impurity in the metal. Allowed CCs are identified in section 2.1 of the Technical
Specifications [6-11].

Any other CC type is acceptable if it can be demonstrated that the source term is
bounded by the source terms presented in this analysis. Also, the total as-loaded
decay heat of the system, including CCs, must be less that the heat load zoning
configurations defined in Figure 6-1.

Control components may be grouped into two categories: (1) those that extend into the
top, plenum and active fuel regions of the fuel assembly, and (2) those that essentially
extend only into the top and plenum regions of the FA. The BPRA is used as a
representative CC for category (1) and the TPA is used as a representative CC for
category (2). The objective is to use these representative CC types to develop Co-60
activity limits for CCs.

The BPRASs are assumed to be burned in two cycles to a total host FA burnup of

50 GWd/MTU. This represents a limiting burnup because the absorber material is
completely depleted for this burnup. TPAs do not contain burnable poisons and may
be used in multiple host FAs for very long burnups. A cumulative host FA burnup of
300 GWd/MTU is assumed. However, a TPA is primarily located in the top nozzle
and plenum region of the core where the flux is depressed and the “effective” burnup
of a TPA is significantly less.

A neutron source may be included in CCs, such as an NSA. Typically, the neutron
source from an NSA is negligible compared to the neutron source from spent fuel.
However, some neutron sources could have comparable source strength relative to the
fuel assemblies. For this purpose, the loading of neutron sources is limited to the
interior locations of the EOS-37PTH basket to maximize self shielding; i. e., neutron
sources can be loaded in Zone 1 locations only (13 locations per Figure 1).

Representative BPRA hardware masses are available for three BPRA types:
e B&W 15x15
e WE 17x17 Pyrex
e WE 17x17 WABA
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The BPRA hardware masses are provided in Table 6-32.

Representative TPA hardware masses are available for three TPA hardware types:
e  Westinghouse 17x17
e Westinghouse 14x14 Type 1 and 2

The TPA hardware masses are provided in Table 6-33.

Elemental compositions for Zircaloy-4, Inconel-718, Inconel X-750, and 304 stainless
steel are provided in Table 6-3. Note that the source term and dose rate are driven by

Co-60, which arises primarily from Co-59 activation and to a much lesser extent from
Ni-60 activation via an (n,p) reaction. The remaining light elements have little effect

on the source term at the decay times of interest.

The poison is assumed to be Pyrex® (borosilicate glass). The choice of poison
material has little effect on the source term or decay heat and is included for
completeness. The elemental composition is obtained from [6-9] and is reproduced in
Table 6-34.

The plenum and top regions are outside the active core and experience a reduced flux.
The ratio of the flux in each region to the active fuel flux is provided in Table 6-4.

The source term and decay heat for the decay times of interest are dominated by
Co-60. Co-60 primarily arises through activation of the Co-59 impurity present in the
metal. Therefore, the BPRA and TPA hardware that has the largest Co-59 mass in
each region is used to prepare the light element inputs. For the BPRA, B&W 15x15 is
used for the top and WE 17x17 Pyrex is used for the plenum and active fuel regions.
For the TPA, the WE 17x17 is used for all regions.

The source terms are computed using ORIGEN-ARP and the B&W 15x15 library. A
separate ORIGEN-ARP input file is developed for each hardware type and region.

For the BPRA, the host FA is burned to 50 GWd/MTU in two cycles. The minimum
enrichment is 3.1% based on Table 6-7. The FA loading is 0.492 MTU. The
assembly power is 19.68 MW, the irradiation time per cycle is 625 days, and the down
time between cycles is 30 days. Decay heat, Co-60 activity, and the gamma source
term is requested for a decay time of 10 years.

To account for the reduced flux in the plenum and top regions, the BPRA input masses
are scaled by the appropriate flux scaling factor. The ORIGEN-ARP inputs for the
three BPRA regions are summarized in Table 6-35.
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The methodology for TPAs is slightly different than for BPRAs. The reason is that a
TPA may reside in several host FAs for a total host fuel assembly burnup of 300
GWd/MTU. ORIGEN-ARP cannot burn a single FA to such a high burnup.
Therefore, rather than apply the flux scaling factors to the input masses, the true
masses are input and the flux scaling factors are applied to the FA burnup. The TPA
input masses are summarized in Table 6-33. These masses do not include flux scaling
factors and are therefore larger than the BPRA input masses.

For the TPA plenum, the effective burnup is 300*0.2 = 60 GWd/MTU, while for the
TPA top the effective burnup is 300*0.1 = 30 GWd/MTU. This reduces the
cumulative burnup in each region to a value within the bounds of a typical
ORIGEN-ARP model.

The TPA irradiation time is input to match the true irradiation time to properly credit
Co0-60 decay during the irradiation. Assuming a reactor assembly power of 19.68 MW
and fuel loading of 0.492 MTU, the irradiation time to achieve a cumulative fuel
assembly burnup of 300,000 GWd/MTU is 7,500 days. Because the irradiation time is
fixed at 7,500 days, the FA power is selected to give the desired effective burnup in
the plenum and top regions. For the top, the assembly power is 1.968 MW to achieve
an effective burnup of 30 GWd/MTU. For the plenum, the assembly power is

3.936 MW to achieve an effective burnup of 60 GWd/MTU.

For simplicity of input preparation in the TPA calculation, no credit is taken for down
time between cycles (typically assumed to be 30 days). Using approximately 12
cycles to achieve a burnup of 300 GWd/MTU, the conservatism of this assumption is
11*30 =330 days of uncredited decay time.

Results for Co-60 activity and decay heat for both the BPRA and TPA are summarized
in Table 6-36 for a cooling time of 10 years. It is observed that the BPRA source may
be used in the active fuel region, as the TPA does not extend into this region.
However, the TPA has a larger source than the BPRA in the plenum and top regions
due to the high TPA burnup. Decay heat for both is small compared to SFA but must
be accounted for during loading. The CC source used in the detailed PWR dose rate
calculations is a hybrid CC source that combines the active fuel source of the BPRA
with the top/plenum source of the TPA in Zones 1 and 2, but limits Zone 3 to the
lower BPRA source. This source is provided in Table 6-37.

The CC source significantly impacts the peak dose rates on the side of the EOS-TC,
due to the reduced lead thickness near the top nozzle. Site-specific calculations by the
general licensee of CC source terms should limit the computed Co-60 activity to
values bounded by the results of this analysis, as follows:

e Zones 1,2,and 3: 308 Ci Co-60 per CC in the active fuel region
e Zones 1 and 2: 63.0 Ci Co-60 per CC in the combined plenum/top region
e Zone 3: 24.3 Ci Co-60 per CC in the combined plenum/top region
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6.2.5

6.2.6

While the specific CC source term presented in Table 6-37 is computed for a decay
time of 10 years, this is not a minimum decay time requirement for licensing purposes.
The actual CC to be loaded may have a shorter decay time as long as the as-loaded
Co-60 activity is less than the limits provided above, and the total EOS-DSC decay
heat remains below the applicable limit.

Blended Low Enriched Uranium Fuel

Reconstituted Fuel
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6.2.7

Irradiation Gases

During irradiation in a reactor, a FA will generate gases due to fission, alpha decay,
and light element activation. The moles of gas generated are needed for subsequent
pressure calculations documented in Chapter 4, Section 4.7, and are computed using
ORIGEN-ARP. The noble gases (He, Ne, Ar, Kr, Xe, and Rn) are of primary interest
as these gases do not react with other elements. The elements H, N, F, and CI are
conservatively assumed to be present in a gaseous state, although these elements may
have formed solid compounds and may not be present as a gas. Bromine and iodine
are also assumed to be present as a gas because the boiling points of these elements
are low. Oxygen is not treated as a gas because it is present primarily in the
compound UQO;.

The quantities of irradiation gases increase with burnup. Therefore, the quantity of
gas is maximized for a burnup of 62 GWd/MTU. Most of the gases generated are
stable isotopes. However, due to alpha decay of actinides present in spent fuel, the
quantity of helium slowly increases with time. To obtain a bounding value for helium
buildup due to alpha decay, 100 years of decay is assumed.

Integral fuel burnable absorber rods (IFBA) are used in some Westinghouse PWR
designs. IFBA contains B-10, which results in helium gas generation due to the
reaction B-10 + n — Li-7 + He-4. While the design basis B&W 15x15 FA does not
contain IFBA, the effect of an IFBA FA is conservatively included by adding 450 g
boron to the PWR input file.

Control components also may result in helium gas generation, primarily due to B-10
activation. No actinides or fission products are present in the CCs, so the quantity of
gas i1s smaller than spent fuel. Because the BPRA contains boron while the TPA does
not, the BPRA bounds the TPA for gas generation. BPRA data is summarized in
Table 6-32. The B&W 15x15 BPRA contains poison in the form B4C-Al,Os, typically
up to 5% B4C, while the WE 17x17 Pyrex design utilizes Pyrex poison. To
conservatively bound these designs and potentially other designs, the boron mass is
input as 450 g.

Irradiation gases are computed for (1) the design basis PWR fuel including CCs
(without IFBA), (2) the design basis PWR fuel with IFBA (without CCs), and (3) the
design basis BWR fuel. The moles of each isotope of interest are reported in

Table 6-40 for a decay time of 100 years. The PWR FA with CCs (without IFBA) has
59.0 moles of gas (49.4 moles from the FA and 9.6 moles from CCs). For a PWR fuel
assembly with IFBA (without CCs), there are 57.7 moles of gas. Therefore, the
bounding PWR value is 59.0 moles of gas. For BWR fuel, the total gas is 20.6 moles.

Due to the helium generated from B-10 activation, the following restrictions are in
effect for PWR fuel in order to limit the total moles of gas generated:

e [faFA does not contain IFBA, it may include any CC type.
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e IfaFA contains IFBA, it cannot include CCs that had an initial boron loading
(e.g., BPRAs). Control components that do not contain initial boron (e.g., TPAs)
may be included with an IFBA assembly.

The quantity of fission gas generated in a FA is proportional to the fuel loading. The
moles of gas for the design basis PWR FA are based on a fuel loading of 0.492 MTU.
However, there are shorter FAs with smaller fuel loadings and longer FAs with larger
fuel loadings. The EOS-DSC may be shorter or longer depending on the length of
fuel, and thus the free volume within the DSC changes with fuel length/loading. For
the pressure calculation (Section 4.7), FAs are binned into short, medium, and long
groups.

The short group has an unirradiated FA length < 157 inches. The medium group has
an unirradiated FA length between 157 and 190 inches, while the long group has an
unirradiated FA length > 190 inches. The design basis PWR fuel has an unirradiated
fuel length of 165.76 inches, which places it in the medium group.

For the pressure calculation the medium length FAs bound the long fuel assemblies.
There are three short PWR FAs, CE 14x14 Fort Calhoun, CE 15x15 Palisades, and
Exxon/ANF 15x15 CE. The maximum fuel loading for the three short FAs is 0.450
MTU. Therefore, the irradiation gas result for the design basis assembly (49.4 moles)
may be scaled by 0.450/0.492 = 0.915. The gas from CCs (9.6 moles) is
conservatively assumed to be unchanged for the shorter FAs. The bounding quantity
of gas for the short PWR assemblies is then 49.4 moles*0.915 + 9.6 moles =

54.8 moles.

Note that the moles of gas presented are only gases generated due to irradiation. Both
fuel and CCs will be pre-pressurized with gas (typically helium) when fabricated and
the moles of this initial gas is not included.
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6.3.1

6.3 Model Specification

MCNPS5 is used to perform detailed three-dimensional near-field dose rate calculations
for EOS-TCs and EOS-HSMs. All relevant details of the EOS-37PTH DSC,
EOS-89BTH DSC, EOS-TC108, EOS-TC125/135, and EOS-HSM are modeled
explicitly.

Separate primary gamma and neutron models are developed. The EOS-TC and
EOS-HSM neutron models are run in coupled neutron-photon mode so that the
secondary gamma dose rate from (n,y) reactions may be computed. The secondary
gamma dose rate from the EOS-TC arises primarily from neutron absorption in the
water neutron shield. Secondary gammas from the EOS-HSM are negligible but are
computed for completeness.

The treatment of subcritical neutron multiplication is suppressed in MCNP by using
the NONU card. This is done because the fuel assemblies are modeled as fresh fuel
and homogenized for simplicity, which would cause inaccurate treatment of subcritical
neutron multiplication by MCNP. Subcritical neutron multiplication is accounted for
in the neutron source magnitude, as discussed in Section 6.2.3.

Material Properties

Basic materials used in the models, such as 304 stainless steel, carbon steel, and
concrete, are obtained from PNNL-15870 [6-9] and are summarized in Table 6-41.
Not all materials are used in every model. The density of concrete has been
conservatively reduced to 2.243 g/cm’. Simple materials consisting of one element
are not listed in Table 6-41. Such materials include lead, which is modeled with a
reduced density of 11.18 g/cm’. Aluminum is used in the basket plates with a density
of 2.7 g/em’. The metal matrix composite (MMC) poison is modeled as pure
aluminum (no boron) with a reduced density of 2.56 g/cm’.

Borated polyethylene is used at the bottom of the EOS-TC for neutron shielding.
Approximately 16% boric acid by weight (B,03) is added to polyethylene so that the
material is 5% boron by weight. The atom density of hydrogen is conservatively
reduced by 15% to account for potential hydrogen loss due to aging. The borated
polyethylene composition used in the EOS-TC models is provided in Table 6-42.

The FAs are homogenized for simplicity. Fuel assemblies are modeled as fresh with a
U-235 enrichment of 3%. The enrichment used is arbitrary because fission has been
suppressed with the NONU card. Separate homogenization is performed for the
bottom nozzle, active fuel, plenum, and top nozzle regions of the FA for both wet and
dry conditions. The masses used for the homogenization are obtained from Table 6-1
and Table 6-2 for PWR and BWR fuel, respectively.
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6.3.2

Table 6-1 does not include CC masses. For PWR fuel, the CC mass is also included in
the plenum and bottom nozzle homogenizations because the CC source is always
included in the MCNP models (no CC mass is credited in the active fuel region). As
discussed in Section 6.2.4, the CC source is based on the BPRA B&W 15x15 in the
top region (Zone 3), BPRA WE 17x17 Pyrex in the plenum region (Zone 3), and TPA
WE 17x17 in both the top and plenum regions (Zones 1 and 2). The additional CC
mass to be homogenized with the fuel is the minimum masses when comparing these
CC types. This results in an additional 2.468 kg SS304 and 0.358 kg Inconel-718 in
the top nozzle and an additional 2.85 kg SS304 in the plenum.

For BWR fuel, the mass of the channel is conservatively ignored because the channel
may not be present. In the wet models, water with a density of 0.958 g/cm’ fills the
void space within the FA. The homogenized PWR fuel compositions are provided in
Table 6-43 and Table 6-44 for dry and wet analysis, respectively. The homogenized
BWR fuel compositions are provided in Table 6-45 and Table 6-46 for dry and wet
analysis, respectively.

Concrete used in the EOS-HSM is modeled without steel rebar at a conservatively low
density of 140 pcf (2.243 g/em?).

MCNP Model Geometry for the EOS-TC

Detailed EOS-TC MCNP models are developed for the following four configurations:

e EOS-TC108 with EOS-37PTH DSC

e EOS-TC108 with EOS-89BTH DSC

e EOS-TC125/135 with EOS-37PTH DSC

e EOS-TC125/135 with EOS-89BTH DSC

The EOS-37PTH DSC and EOS-89BTH DSC are modeled explicitly, including the
steel basket structure, aluminum plates, MMC (conservatively modeled without
boron), transition rails, and shield plugs. Key dimensions used to develop the DSC
models are summarized in Table 6-47, and figures illustrating the basic MCNP model
are provided in Figure 6-3 through Figure 6-6. The figures illustrate the EOS-TC108

with the EOS-89BTH DSC, although the other EOS-TC and EOS-DSC combinations
are similar.

[

Page 6-21



NUHOMS® EOS System Safety Analysis Report Rev. 5, 04/16

Proprietary Information on This Page
Withheld Pursuant to 10 CFR 2.390

Page 6-22



NUHOMS® EOS System Safety Analysis Report Rev. 5, 04/16

Three model configurations are used to simulate the EOS System during the various
stages from loading to transfer. These configurations are loading/decontamination,
welding/drying, and downending/transfer, and are described below.

e Loading/Decontamination. The shield plug is in place while the ITCP, OTCP,
and top cover plate (lid) are not installed. The neutron shield is off (for the
EOS-TC108) or drained (for the EOS-TC125/135), simulating the configuration
when the EOS-TC is first removed from the pool. (The actual decontamination
operation is performed with the neutron shield full.) Due to crane weight
constraints, the EOS-TC108 is modeled with the DSC cavity drained to the top of
the active fuel for the EOS-37PTH DSC and drained to the top of the plenum for
the EOS-89BTH DSC. The top nozzle of BWR fuel is sufficiently long that
draining the plenum region is not anticipated. For the EOS-TC125/135, the DSC
cavity is completely filled with water at all times because there is no constraint on
crane capacity. The annulus between the EOS-DSC and EOS-TC is filled with
water.

e Welding/Drying. The ITCP is installed but the OTCP and top cover plate (lid) are
not installed. The neutron shield is filled with water and the DSC is dry. The
water height in the annulus is reduced by 12 inches.

e Downending/Transfer. The TC is fully assembled for the transfer operation. The
OTCP and top cover plate (lid) are installed. The neutron shield is filled with
water and all TC cavities are dry. The EOS-TC108 is modeled with the
intermediate aluminum lid rather than the final steel lid.

These three configurations are also summarized in Table 6-49.
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6.3.3

The EOS-TC108 has a removable neutron shield. The shield is formed of three panels
that are connected with hinges on two joints and latches on the third joint. The
interface joint between the three panels features 1.5 inches of aluminum, which allows
limited neutron streaming through these three joints along the length of the
EOS-TC108. The EOS-TC108 models do not include this streaming path, i.e., the
neutron shield is modeled as continuous around the circumference. However, the
neutron shield joints are modeled explicitly in a supplementary model, and the dose
rates in the vicinity of the joints do not exceed the reported peak dose rates. In
addition, the dose rates used in the dose assessment are essentially unchanged when
the neutron shield joints are modeled. Therefore, it is acceptable to model the
EOS-TC108 neutron shield as continuous around the circumference.

No temporary shielding is modeled, which would be used in practice to shield
penetrations or localized areas of high dose rate. Therefore, the computed dose rates
are larger than the dose rates that would be observed in actual practice.

The source terms used in the EOS-37PTH DSC models are the combined fuel and CC
source terms. The CC source term from Table 6-37 is simply added to the fuel source
term from Table 6-10 through Table 6-16. The CC source is added to every FA in the
EOS-37PTH DSC. The EOS-89BTH DSC source terms are provided in Table 6-20
through Table 6-26. Note that the source term tables provide dry and wet neutron
sources. Wet neutron sources are used only in the loading/decontamination models,
while dry neutron sources are used in all other models. For the active fuel regions, an
axial source distribution is applied per Table 6-30 and Table 6-31 for PWR and BWR
fuel, respectively. For the top nozzle, plenum, and bottom nozzle regions, the source
is evenly distributed throughout the region.

For each TC/DSC combination, dose rates are calculated on the surface, 30 cm, and
100 cm from the surfaces of the EOS-TC. Dose rates are also computed 300 cm from
the side surface. All side dose rates are computed in 18 axial bins. The general tally
locations are shown in Figure 6-7. In addition, for the final transfer configuration,
dose rates are computed on the bottom and top surface in six radial segments (see
Figure 6-8 and Figure 6-9) and on the side surface in 18 radial segments and 24
angular segments (see Figure 6-10).

Accident models are also developed for the four transfer configurations. In the
accident models, the water neutron shield, neutron shield panel, and borated
polyethylene bottom neutron shield are replaced with void, and the accident source
terms are used. The dose rate is calculated at a distance of 100 m from the EOS-TC.
Ground is modeled to account for ground scatter at large distances.

MCNP Model Geometry for the EOS-HSM

Detailed EOS-HSM MCNP models are developed for the following two
configurations:

e EOS-HSM-Short with EOS-37PTH DSC
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¢ FEOS-HSM-Medium with EOS-89BTH DSC

The EOS-37PTH DSC and EOS-89BTH DSC models developed in Section 6.3.2 are
used in the EOS-HSM models. Consistent with the EOS-DSC models, the Z-axis in
the EOS-HSM models is along the length of the EOS-DSC. Because the DSC cavity
has been reduced in length to match the length of the fuel, the EOS-37PTH DSC
model is shorter than the EOS-89BTH DSC model. Short, medium, and long versions
of the EOS-HSM may be used, depending on the length of EOS-DSC to be stored.
The EOS-HSM modeled is the smallest EOS-HSM that fits the EOS-DSC. Therefore,
the EOS-HSM-Short is modeled with the EOS-37PTH DSC and the
EOS-HSM-Medium is modeled with the EOS-89BTH DSC.

PWR source terms (without CCs) are provided in Table 6-17 through Table 6-19, and
the CC source provided in Table 6-37 is added to these PWR source terms for all FAs.
BWR source terms are provided in Table 6-27 through Table 6-29. For the active fuel
regions, an axial source distribution is applied per Table 6-30 and Table 6-31 for PWR
and BWR fuel, respectively. For the top nozzle, plenum, and bottom nozzle regions,
the source is evenly distributed throughout the region.

The EOS-HSMs are modeled explicitly, including the inlet (front) and outlet (roof)
vents. Key dimensions used to develop the EOS-HSM models are summarized in
Table 6-50, and figures illustrating the basic MCNP model are provided in Figure 6-11
through Figure 6-13. The figures illustrate the EOS-HSM-Medium with the EOS-
89BTH DSC, although the geometry of the EOS-HSM-Short with the EOS-37PTH
DSC is similar.

The EOS-HSM design consists of a base module that includes the door and 1-foot
thick shield walls on the sides and rear. A 3-foot-8-inch thick roof block that matches
the length and width of the base rests on the base module. The modules may be
positioned either side-by-side in a single row or back-to-back in a double row. When
positioned in a single row the rear of the base module is shielded by a 3-foot thick rear
shield wall. An end (side) shield wall, which is also 3 feet thick, is placed beside the
last module in the row. The end shield wall is comprised of two pieces mated with a
Z-joint to prevent direct streaming through the joint. A corner shield wall is placed at
the interface of the rear and end shield walls. When the modules are positioned back-
to-back, no rear or corner shield walls are used.

Air inlet vents are located on the front and air outlet vents are located on the roof.
Because little radiation directly penetrates the thick concrete shielding, essentially all
of the dose rate is due to gamma radiation streaming from the vents. Radiation
streaming through the outlet vents is mitigated by the use of vent covers. The vent
covers feature a 1-inch thick steel plate and approximately 11 inches of concrete. The
vent covers are 4 feet wide and are placed between adjacent EOS-HSMs or between
an EOS-HSM and the end shield wall. Under normal and off-normal conditions the
vent covers are always in place.
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The baseline MCNP model consists of an EOS-HSM with a rear shield wall. On the
right side (+x direction) an end shield wall is modeled, while on the left side (-x
direction) a mirror boundary is modeled. The mirror boundary simulates an adjacent
EOS-HSM so that the model is effectively a 2x1 array of EOS-HSMs. Modeling a
2x1 array significantly increases the vent dose rates compared to simply modeling a
single EOS-HSM because a significant source of radiation at a vent is from the EOS-
DSC in an adjacent EOS-HSM. The mirror boundary is placed 0.75 inch from the left
face of the module to simulate a total gap of 1.5 inches. This model is referred to as
the “single reflection model.” Dose rates are computed at the inlet and outlet vents
and at the 1.5-inch gaps between the base module and shield walls.

The average fluxes and dose rates on the faces of the EOS-HSM are used as input to a
generic site dose calculation that is documented in Chapter 11. These average fluxes
and dose rates are computed on the surface of a box that envelops the EOS-HSM
model, including the vent covers, door, and fabrication gaps. The average end shield
wall dose rates are computed with the 2x1 EOS-HSM “single reflection” model
described above. However, to capture the contribution from side-by-side or back-to-
back EOS-HSMs, additional “double reflection” and “triple reflection” models are
developed.

In the “double reflection” model, the end shield wall and corner shield wall are
removed and a reflective boundary is added on the right side. The double reflection
model simulates an EOS-HSM with an adjacent EOS-HSM on each side. Gaps are
included between the modules. This model is only used to compute the average fluxes
and dose rate on the rear shield wall used as input to the site dose calculation.

In the “triple reflection” model, all shield walls are removed and replaced with
reflective boundaries. This model is illustrated in Figure 6-14. The triple reflection
model simulates an EOS-HSM with an adjacent EOS-HSM on each side and back-to-
back. The triple reflection model is used to compute the average dose rates on the
front and roof used as input to the site dose calculation. The triple reflection model is
also used to compute vent and gap dose rates.

In an accident condition, the vent covers are assumed to be absent. This will cause the
average roof dose rate to increase substantially but will have negligible effect on the
front, rear, or side dose rates. A triple reflection accident model is developed to
compute the average flux and dose rate on the roof when the vent covers are removed.
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A simple model of an EOS-89BTH DSC with 44 inches of cylindrical concrete
shielding and no vents is used to demonstrate the bulk shielding effectiveness of the
EOS-HSM in the absence of penetrations. This model is illustrated in Figure 6-15.
The outer three and six inches of this model is also replaced with low-density grout
(100 pcf versus the 140 pcf concrete used in the EOS-HSM model) to demonstrate that

concrete that has spalled may be patched with grout with a negligible impact on the
dose rates.
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6.4 Shielding Analysis

6.4.1 Computer Codes

MCNP5 v1.40 is used in the shielding analysis [6-5]. MCNPS5 is a Monte Carlo
transport program that allows full three-dimensional modeling of the EOS-TC and
EOS-HSM. Therefore, no geometrical approximations are necessary when developing
the shielding models.

6.4.2 Flux-to-Dose Rate Conversion

MCNPS5 is used to compute the neutron or gamma flux at the location of interest and
the flux is converted to a dose rate using ANSI/ANS-6.1.1-1977 flux-to-dose rate
conversion factors [6-10]. These factors are provided in Table 6-51. Results are
computed in the units mrem/hr.

64.3 EOS-TC Dose Rates

[
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The results are presented in Table 6-59. With no grout, the dose rate is 1.4 mrem/hr,
while with 6 inches of grout, the dose rate is 2.2 mrem/hr. Therefore, the use of lower
density grout to repair concrete is acceptable because the localized dose rate remains
small. For example, the average dose rate on the end shield wall of the EOS-HSM is
0.544 mrem/hr (see Table 6-55), and if 6 inches of grout were used, the dose rate
would increase to only 0.544%2.2/1.4 = 0.85 mrem/hr. Dose rates are dominated by
streaming from the vents because little radiation penetrates the thick concrete shield
walls, and repairing the EOS-HSM with grout in localized areas will have no effect on
worker exposure or site dose rates.
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Table 6-1
PWR (BW 15x15) Hardware Characteristics
Fuel Assembly Region
and Length Fuel Assembly Part Material Mass (kg)
Top Nozzle, Top nozzle/misc. steel SS304 9.180
6.23 in. Hold down spring Inconel-718 1.800
Upper spring Inconel-718 4.344
Upper end cap Zircaloy-4 1.039
gl%ninm, Encompassing cladding Zircaloy-4 5.763
Upper end grid Inconel-718 1.067
Encompassing guide tube Zircaloy-4 0.004
Encompassing cladding Zircaloy-4 101.1
Active Fuel, Encompassing guide tube Zircaloy-4 6.328
142.29 in. Six spacer grids Inconel-718 4.985
Grid Supports Zircaloy-4 0.640
Lower end plug Zircaloy-4 8.877
Encompassing guide tube Zircaloy-4 0.140
gcs)t;olr;l Nozzle, Lower guide tube plugs Zircaloy-4 1.439
Lower end fitting SS304 8.172
Lower end grid Inconel-718 1.067
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Table 6-2
BWR (GE 7x7) Hardware Characteristics
Fuel Assembly Region
and Length Fuel Assembly Part Material Mass (kg)

Upper tie plate SS304 2.08

Top Nozzle, Lock tab washers and nuts SS304 0.05
12.62 in. Expansion springs Inconel X-750 0.43
End plugs Zircaloy-2 1.26

Plenum, Cladding Zircaloy-2 4.89
12.93 in. Springs SS304 1.05
Cladding Zircaloy-2 49.2

Spacers Zircaloy-2 1.95

) Spacer springs Inconel X-750 0.36
?:4:1?116 Fuel, Channel sleeve Zircaloy-2 37.1
Channel spacer and rivet SS304 0.13

Channel fastener guard SS304 0.46

Channel fastener spring and bolt Inconel X-750 0.13

Finger springs Inconel X-750 0.05

Bottom Nozzle, 6.65 in. End plugs Zircaloy-2 1.26
Lower tie plate SS304 4.70
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Table 6-3
Fuel Assembly Material Compositions
2 Pages
Zircaloy-4 Inconel-718 | Inconel X-750 SS304 U0,
Element (ppm) (ppm) (ppm) (ppm) (g/MTU)

Hydrogen 13 0 0 0 0
Lithium 0 0 0 0 1
Boron 0.33 0 0 0 1
Carbon 120 400 399 800 89.4
Nitrogen 80 1300 1300 1300 25
Oxygen 950 0 0 0 134454
Fluorine 0 0 0 10.7
Sodium 0 0 0 15
Magnesium 0 0 0 2
Aluminum 24 5992 7982 0 16.7
Silicon 1997 2993 10000 12.1
Phosphorous 0 0 450 35
Sulfur 35 70 70 300 0
Chlorine 0 0 0 53
Calcium 0 0 0 2
Titanium 20 7990 24943 0 1
Vanadium 20 0 0 0 3
Chromium 1250 189753 149660 190000 4
Manganese 20 1997 6984 20000 1.7
Iron 2250 179766 67846 688440 18
Cobalt 10 500 500 500 1
Nickel 20 519625 721861 89200 24
Copper 20 999 499 0 1
Zinc 0 0 0 0 40.3
Zirconium 979110 0 0 0 0
Niobium 0 55458 8980 0
Molybdenum 0 29961 0 0 10
Silver 0 0 0 0 0.1
Cadmium 0.25 0 0 0 25
Indium 0 0 0 0
Tin 16000 0 0 0
Gadolinium 0 0 0 0 2.5
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Table 6-3
Fuel Assembly Material Compositions
2 Pages
Zircaloy-4 Inconel-718 | Inconel X-750 $S304 U0,
Element (ppm) (ppm) (ppm) (ppm) (g/MTU)
Hafnium 78 0 0 0 0
Tungsten 20 0 0 0 2
Lead 0 0 0 1
Bismuth 0 0 0 0.4
Uranium 0.2 0 0 0 1000000
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Table 6-4
Flux Scaling Factors

Region PWR BWR
Top Nozzle 0.1 0.1
Plenum 0.2 0.2
Active Fuel 1.0 1.0
Bottom Nozzle 0.2 0.15
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Table 6-5
PWR Light Elements by Fuel Assembly Region (ORIGEN-ARP Input,
grams)
2 Pages
Element Bottom Nozzle Active Fuel Plenum Top Nozzle Total
H 2.718E-02 1.405E+00 1.769E-02 0.000E+00 1.450E+00
Li 0.000E+00 4.919E-01 0.000E+00 0.000E+00 4.919E-01
B 6.901E-04 5.275E-01 4.492E-04 0.000E+00 5.287E-01
C 1.642E+00 5.894E+01 5.962E-01 8.055E-01 6.198E+01
N 2.567E+00 2.742E+01 1.516E+00 1.426E+00 3.293E+01
O 1.987E+00 6.623E+04 1.293E+00 0.000E+00 6.624E+04
F 0.000E+00 5.263E+00 0.000E+00 0.000E+00 5.263E+00
Na 0.000E+00 7.378E+00 0.000E+00 0.000E+00 7.378E+00
Mg 0.000E+00 9.837E-01 0.000E+00 0.000E+00 9.837E-01
Al 1.329E+00 4.068E+01 6.517E+00 1.079E+00 4.960E+01
Si 1.675E+01 1.591E+01 2.161E+00 9.528E+00 4.434E+01
P 7.345E-01 1.721E+01 0.000E+00 4.126E-01 1.836E+01
S 5.778E-01 4.132E+00 1.234E-01 2.876E-01 5.121E+00
Cl 0.000E+00 2.607E+00 0.000E+00 0.000E+00 2.607E+00
Ca 0.000E+00 9.837E-01 0.000E+00 0.000E+00 9.837E-01
Ti 1.747E+00 4.248E+01 8.674E+00 1.438E+00 5.434E+01
v 4.182E-02 3.637E+00 2.722E-02 0.000E+00 3.706E+00
Cr 3.532E+02 1.083E+03 2.071E+02 2.084E+02 1.852E+03
Mn 3.311E+01 1.295E+01 2.188E+00 1.870E+01 6.695E+01
Fe 1.167E+03 1.148E+03 1.976E+02 6.635E+02 3.176E+03
Co 9.448E-01 4.065E+00 5.547E-01 5.490E-01 6.114E+00
Ni 2.565E+02 2.604E+03 5.624E+02 1.753E+02 3.598E+03
Cu 2.550E-01 7.633E+00 1.108E+00 1.798E-01 9.177E+00
Zn 0.000E+00 1.982E+01 0.000E+00 0.000E+00 1.982E+01
Zr 2.047E+03 1.058E+05 1.333E+03 0.000E+00 1.092E+05
Nb 1.183E+01 2. 765E+02 6.002E+01 9.982E+00 3.583E+02
Mo 6.394E+00 1.543E+02 3.242E+01 5.393E+00 1.985E+02
Ag 0.000E+00 4.919E-02 0.000E+00 0.000E+00 4.919E-02
Cd 5.228E-04 1.232E+01 3.403E-04 0.000E+00 1.232E+01
In 0.000E+00 9.837E-01 0.000E+00 0.000E+00 9.837E-01
Sn 3.346E+01 1.731E+03 2.178E+01 0.000E+00 1.787E+03
Gd 0.000E+00 1.230E+00 0.000E+00 0.000E+00 1.230E+00
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Table 6-5
PWR Light Elements by Fuel Assembly Region (ORIGEN-ARP Input,
grams)
2 Pages
Element Bottom Nozzle Active Fuel Plenum Top Nozzle Total

Hf 1.631E-01 8.430E+00 1.062E-01 0.000E+00 8.700E+00
W% 4.182E-02 3.145E+00 2.722E-02 0.000E+00 3.214E+00
Pb 0.000E+00 4.919E-01 0.000E+00 0.000E+00 4.919E-01
Bi 0.000E+00 1.967E-01 0.000E+00 0.000E+00 1.967E-01
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Table 6-6
BWR Light Elements by Fuel Assembly Region (ORIGEN-ARP Input, grams)
2 Pages
Element Bottom Nozzle | Active Fuel Plenum Top Nozzle Total

H 2.457E-03 1.147E+00 1.271E-02 1.638E-03 1.164E+00
Li 0.000E+00 1.980E-01 0.000E+00 0.000E+00 1.980E-01
B 6.237E-05 2.271E-01 3.227E-04 4.158E-05 2.275E-01
C 5.889E-01 2.896E+01 2.851E-01 2.025E-01 3.003E+01
N 9.402E-01 1.341E+01 3.509E-01 3.425E-01 1.505E+01
o 1.795E-01 2.671E+04 9.291E-01 1.197E-01 2.671E+04
F 0.000E+00 2.119E+00 0.000E+00 0.000E+00 2.119E+00
Na 0.000E+00 2.970E+00 0.000E+00 0.000E+00 2.970E+00
Mg 0.000E+00 3.960E-01 0.000E+00 0.000E+00 3.960E-01
Al 6.440E-02 9.336E+00 2.347E-02 3.462E-01 9.770E+00
Si 7.063E+00 9.755E+00 2.097E+00 2.256E+00 2.117E+01
3.168E-01 7.195E+00 9.438E-02 9.573E-02 7.702E+00

2.184E-01 3.300E+00 9.715E-02 7.124E-02 3.686E+00

Cl 0.000E+00 1.049E+00 0.000E+00 0.000E+00 1.049E+00
Ca 0.000E+00 3.960E-01 0.000E+00 0.000E+00 3.960E-01
Ti 1.909E-01 1.418E+01 1.956E-02 1.075E+00 1.547E+01
v 3.780E-03 2.359E+00 1.956E-02 2.520E-03 2.385E+00
Cr 1.351E+02 2.964E+02 4.107E+01 4.701E+01 5.196E+02
Mn 1.414E+01 1.731E+01 4.214E+00 4.557E+00 4.022E+01
Fe 4.859E+02 6.441E+02 1.466E+02 1.500E+02 1.427E+03
Co 3.577E-01 1.620E+00 1.146E-01 1.291E-01 2.222E+00
Ni 6.822E+01 4.128E+02 1.873E+01 5.002E+01 5.498E+02
Cu 7.522E-03 2.207E+00 1.956E-02 2.398E-02 2.258E+00
Zn 0.000E+00 7.979E+00 0.000E+00 0.000E+00 7.979E+00
Zr 1.850E+02 8.640E+04 9.575E+02 1.234E+02 8.767TE+04
Nb 6.735E-02 4.400E+00 0.000E+00 3.861E-01 4.854E+00
Mo 0.000E+00 1.980E+00 0.000E+00 0.000E+00 1.980E+00
Ag 0.000E+00 1.980E-02 0.000E+00 0.000E+00 1.980E-02
Cd 4.725E-05 4.972E+00 2.445E-04 3.150E-05 4.972E+00
In 0.000E+00 3.960E-01 0.000E+00 0.000E+00 3.960E-01
Sn 3.024E+00 1.413E+03 1.565E+01 2.016E+00 1.433E+03
Gd 0.000E+00 4.950E-01 0.000E+00 0.000E+00 4.950E-01
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Table 6-6
BWR Light Elements by Fuel Assembly Region (ORIGEN-ARP Input, grams)
2 Pages
Element Bottom Nozzle | Active Fuel Plenum Top Nozzle Total
Hf 1.474E-02 6.883E+00 7.628E-02 9.828E-03 6.984E+00
4 3.780E-03 2.161E+00 1.956E-02 2.520E-03 2.187E+00
Pb 0.000E+00 1.980E-01 0.000E+00 0.000E+00 1.980E-01
Bi 0.000E+00 7.920E-02 0.000E+00 0.000E+00 7.920E-02
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Table 6-10
PWR Source Term for the EOS-TC108, Zone 1 (Normal and Accident)

Burnup (GWd/MTU) 33.086 62 33.086 33.086

Enrichment (wt. % U-235) 2.0 3.8 2.0 2.0

Cooling Time (years) 5.00 20.13 5.00 5.00
Gamma Source Term, y/(sec*FA)

Enin, MeV to | Enan MeV BN(:)t;ng In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 2.168E+11 9.547E+14 1.468E+11 4.999E+10
5.00E-02 to 1.00E-01 1.735E+10 2.705E+14 1.125E+10 9.697E+09
1.00E-01 to 2.00E-01 1.626E+10 1.798E+14 1.055E+10 2.375E+09
2.00E-01 to 3.00E-01 1.067E+09 5.387E+13 6.968E+08 1.170E+08
3.00E-01 to 4.00E-01 3.136E+09 3.493E+13 2.042E+09 1.519E+08
4.00E-01 to 6.00E-01 6.461E+10 3.725E+13 4.206E+10 1.072E+07
6.00E-01 to 8.00E-01 3.483E+10 1.829E+15 2.764E+10 9.512E+08
8.00E-01 to 1.00E+00 1.144E+11 2.667E+13 2.477E+10 6.536E+10
1.00E+00 to 1.33E+00 4.803E+12 3.972E+13 3.109E+12 2.810E+12
1.33E+00 to 1.66E+00 1.356E+12 4.235E+12 8.780E+11 7.935E+11
1.66E+00 to 2.00E+00 7.184E+02 9.029E+10 1.354E+03 3.931E+02
2.00E+00 to 2.50E+00 3.245E+07 4.694E+09 2.101E+07 1.899E+07
2.50E+00 to 3.00E+00 2.773E+04 9.233E+08 1.795E+04 1.622E+04
3.00E+00 to 4.00E+00 8.044E-06 8.009E+07 3.995E-05 6.624E-06
4.00E+00 to 5.00E+00 2.247E-28 2.690E+07 1.463E-28 0.000E+00
5.00E+00 to 6.50E+00 6.475E-29 1.080E+07 4.215E-29 0.000E+00
6.50E+00 to 8.00E+00 8.236E-30 2.118E+06 5.361E-30 0.000E+00
8.00E+00 to 1.00E+01 1.099E-30 4.496E+05 7.154E-31 0.000E+00

Total Gamma, g/(sec*FA) 6.627E+12 3.431E+15 4.253E+12 3.732E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 7.848E+08

Treated with peaking factor 1.215 and k.;=0.4 (dry) 1.589E+09

Treated with peaking factor 1.215 and k.;=0.65 (wet) 2.724E+09

Page 6-46



NUHOMS® EOS System Safety Analysis Report

Rev. 5, 04/16

Table 6-11
PWR Source Term for the EOS-TC108, Zone 2 (Normal and Accident)

Burnup (GWd/MTU) 40 62 40 40

Enrichment (wt. % U-235) 2.5 3.8 2.5 2.5

Cooling Time (years) 4.148 7.817 4.148 4.148
Gamma Source Term, y/(sec*FA)

Ein, MeV to | Epnay, MeV %I(:)t;;lr: In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 2.994E+11 1.461E+15 2.025E+11 5.956E+10
5.00E-02 to 1.00E-01 2.082E+10 3.943E+14 1.368E+10 1.156E+10
1.00E-01 to 2.00E-01 2.165E+10 3.065E+14 1.410E+10 2.835E+09
2.00E-01 to 3.00E-01 1.434E+09 8.619E+13 9.387E+08 1.394E+08
3.00E-01 to 4.00E-01 4.321E+09 5.399E+13 2.816E+09 1.810E+08
4.00E-01 to 6.00E-01 8.906E+10 5.984E+14 5.798E+10 1.317E+07
6.00E-01 to 8.00E-01 4.774E+10 3.023E+15 3.674E+10 1.084E+09
8.00E-01 to 1.00E+00 2.401E+11 3.007E+14 4.680E+10 1.369E+11
1.00E+00 to 1.33E+00 5.720E+12 1.305E+14 3.757E+12 3.350E+12
1.33E+00 to 1.66E+00 1.615E+12 2.943E+13 1.061E+12 9.460E+11
1.66E+00 to 2.00E+00 1.273E+04 3.558E+11 2.738E+04 8.465E+03
2.00E+00 to 2.50E+00 3.865E+07 3.138E+11 2.538E+07 2.264E+07
2.50E+00 to 3.00E+00 3.302E+04 1.992E+10 2.169E+04 1.934E+04
3.00E+00 to 4.00E+00 1.009E-05 1.910E+09 5.011E-05 8.309E-06
4.00E+00 to 5.00E+00 5.952E-28 4.275E+07 3.874E-28 0.000E+00
5.00E+00 to 6.50E+00 1.715E-28 1.716E+07 1.116E-28 0.000E+00
6.50E+00 to 8.00E+00 2.181E-29 3.366E+06 1.420E-29 0.000E+00
8.00E+00 to 1.00E+01 2.911E-30 7.146E+05 1.895E-30 0.000E+00

Total Gamma, g/(sec*FA) 8.060E+12 6.385E+15 5.193E+12 4.508E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 1.247E+09

Treated with peaking factor 1.215 and k.;=0.4 (dry) 2.525E+09

Treated with peaking factor 1.215 and k.=0.65 (wet) 4.329E+09
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Table 6-12
PWR Source Term for the EOS-TC108, Zone 3 (Normal)
Burnup (GWd/MTU) 33.086 61.536 33.086 33.086
Enrichment (wt. % U-235) 2.0 3.8 2.0 2.0
Cooling Time (years) 5.00 10.00 5.00 5.00
Gamma Source Term, y/(sec*FA)

Ein, MeV to | Epnay, MeV %I(:)t;;lr: In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 2.168E+11 1.289E+15 1.468E+11 4.999E+10
5.00E-02 to 1.00E-01 1.735E+10 3.490E+14 1.125E+10 9.697E+09
1.00E-01 to 2.00E-01 1.626E+10 2.627E+14 1.055E+10 2.375E+09
2.00E-01 to 3.00E-01 1.067E+09 7.484E+13 6.968E+08 1.170E+08
3.00E-01 to 4.00E-01 3.136E+09 4.663E+13 2.042E+09 1.519E+08
4.00E-01 to 6.00E-01 6.461E+10 3.000E+14 4.206E+10 1.072E+07
6.00E-01 to 8.00E-01 3.483E+10 2.574E+15 2.764E+10 9.512E+08
8.00E-01 to 1.00E+00 1.144E+11 1.629E+14 2.477E+10 6.536E+10
1.00E+00 to 1.33E+00 4.803E+12 1.001E+14 3.109E+12 2.810E+12
1.33E+00 to 1.66E+00 1.356E+12 1.794E+13 8.780E+11 7.935E+11
1.66E+00 to 2.00E+00 7.184E+02 1.685E+11 1.354E+03 3.931E+02
2.00E+00 to 2.50E+00 3.245E+07 6.186E+10 2.101E+07 1.899E+07
2.50E+00 to 3.00E+00 2.773E+04 5.154E+09 1.795E+04 1.622E+04
3.00E+00 to 4.00E+00 8.044E-06 5.137E+08 3.995E-05 6.624E-06
4.00E+00 to 5.00E+00 2.247E-28 3.836E+07 1.463E-28 0.000E+00
5.00E+00 to 6.50E+00 6.475E-29 1.540E+07 4.215E-29 0.000E+00
6.50E+00 to 8.00E+00 8.236E-30 3.020E+06 5.361E-30 0.000E+00
8.00E+00 to 1.00E+01 1.099E-30 6.412E+05 7.154E-31 0.000E+00

Total Gamma, g/(sec*FA) 6.627E+12 5.177E+15 4.253E+12 3.732E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 1.117E+09

Treated with peaking factor 1.215 and k.;=0.4 (dry) 2.262E+09

Treated with peaking factor 1.215 and k.=0.65 (wet) 3.878E+09
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Table 6-13
PWR Source Term for the EOS-TC108, Zone 3 (Accident)
Burnup (GWd/MTU) 33.086 62 33.086 33.086
Enrichment (wt. % U-235) 2.0 3.8 2.0 2.0
Cooling Time (years) 5.00 10.25 5.00 5.00
Gamma Source Term, y/(sec*FA)

Ein, MeV to | Epnay, MeV %I(:)t;;lr: In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 2.168E+11 1.283E+15 1.468E+11 4.999E+10
5.00E-02 to 1.00E-01 1.735E+10 3.475E+14 1.125E+10 9.697E+09
1.00E-01 to 2.00E-01 1.626E+10 2.608E+14 1.055E+10 2.375E+09
2.00E-01 to 3.00E-01 1.067E+09 7.440E+13 6.968E+08 1.170E+08
3.00E-01 to 4.00E-01 3.136E+09 4.635E+13 2.042E+09 1.519E+08
4.00E-01 to 6.00E-01 6.461E+10 2.813E+14 4.206E+10 1.072E+07
6.00E-01 to 8.00E-01 3.483E+10 2.557E+15 2.764E+10 9.512E+08
8.00E-01 to 1.00E+00 1.144E+11 1.542E+14 2.477E+10 6.536E+10
1.00E+00 to 1.33E+00 4.803E+12 9.823E+13 3.109E+12 2.810E+12
1.33E+00 to 1.66E+00 1.356E+12 1.721E+13 8.780E+11 7.935E+11
1.66E+00 to 2.00E+00 7.184E+02 1.605E+11 1.354E+03 3.931E+02
2.00E+00 to 2.50E+00 3.245E+07 5.228E+10 2.101E+07 1.899E+07
2.50E+00 to 3.00E+00 2.773E+04 4.525E+09 1.795E+04 1.622E+04
3.00E+00 to 4.00E+00 8.044E-06 4.548E+08 3.995E-05 6.624E-06
4.00E+00 to 5.00E+00 2.247E-28 3.895E+07 1.463E-28 0.000E+00
5.00E+00 to 6.50E+00 6.475E-29 1.563E+07 4.215E-29 0.000E+00
6.50E+00 to 8.00E+00 8.236E-30 3.067E+06 5.361E-30 0.000E+00
8.00E+00 to 1.00E+01 1.099E-30 6.511E+05 7.154E-31 0.000E+00

Total Gamma, g/(sec*FA) 6.627E+12 5.120E+15 4.253E+12 3.732E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 1.135E+09

Treated with peaking factor 1.215 and k.;=0.4 (dry) 2.298E+09

Treated with peaking factor 1.215 and k.=0.65 (wet) 3.940E+09
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Table 6-14
PWR Source Term for the EOS-TC125/135, Zone 1 (Normal and Accident)

Burnup (GWd/MTU) 33.086 62 33.086 33.086

Enrichment (wt. % U-235) 2.0 3.8 2.0 2.0

Cooling Time (years) 5.00 20.13 5.00 5.00
Gamma Source Term, y/(sec*FA)

Ein, MeV to | Epnay, MeV %I(:)t;;lr: In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 2.168E+11 9.547E+14 1.468E+11 4.999E+10
5.00E-02 to 1.00E-01 1.735E+10 2.705E+14 1.125E+10 9.697E+09
1.00E-01 to 2.00E-01 1.626E+10 1.798E+14 1.055E+10 2.375E+09
2.00E-01 to 3.00E-01 1.067E+09 5.387E+13 6.968E+08 1.170E+08
3.00E-01 to 4.00E-01 3.136E+09 3.493E+13 2.042E+09 1.519E+08
4.00E-01 to 6.00E-01 6.461E+10 3.725E+13 4.206E+10 1.072E+07
6.00E-01 to 8.00E-01 3.483E+10 1.829E+15 2.764E+10 9.512E+08
8.00E-01 to 1.00E+00 1.144E+11 2.667E+13 2.477E+10 6.536E+10
1.00E+00 to 1.33E+00 4.803E+12 3.972E+13 3.109E+12 2.810E+12
1.33E+00 to 1.66E+00 1.356E+12 4.235E+12 8.780E+11 7.935E+11
1.66E+00 to 2.00E+00 7.184E+02 9.029E+10 1.354E+03 3.931E+02
2.00E+00 to 2.50E+00 3.245E+07 4.694E+09 2.101E+07 1.899E+07
2.50E+00 to 3.00E+00 2.773E+04 9.233E+08 1.795E+04 1.622E+04
3.00E+00 to 4.00E+00 8.044E-06 8.009E+07 3.995E-05 6.624E-06
4.00E+00 to 5.00E+00 2.247E-28 2.690E+07 1.463E-28 0.000E+00
5.00E+00 to 6.50E+00 6.475E-29 1.080E+07 4.215E-29 0.000E+00
6.50E+00 to 8.00E+00 8.236E-30 2.118E+06 5.361E-30 0.000E+00
8.00E+00 to 1.00E+01 1.099E-30 4.496E+05 7.154E-31 0.000E+00

Total Gamma, g/(sec*FA) 6.627E+12 3.431E+15 4.253E+12 3.732E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 7.848E+08

Treated with peaking factor 1.215 and k.;=0.4 (dry) 1.589E+09

Treated with peaking factor 1.215 and k.=0.65 (wet) 2.724E+09
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Table 6-15
PWR Source Term for the EOS-TC125/135, Zone 2 (Normal and Accident)

Burnup (GWd/MTU) 50 62 50 50

Enrichment (wt. % U-235) 3.1 3.8 3.1 3.1

Cooling Time (years) 3.959 5.131 3.959 3.959
Gamma Source Term, y/(sec*FA)

Enin, MeV to | Enan MeV BN(:)t;ng In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 3.521E+11 2.057E+15 2.398E+11 6.714E+10
5.00E-02 to 1.00E-01 2.348E+10 5.785E+14 1.574E+10 1.302E+10
1.00E-01 to 2.00E-01 2.546E+10 4.777E+14 1.666E+10 3.190E+09
2.00E-01 to 3.00E-01 1.693E+09 1.332E+14 1.112E+09 1.569E+08
3.00E-01 to 4.00E-01 5.145E+09 8.924E+13 3.358E+09 2.038E+08
4.00E-01 to 6.00E-01 1.061E+11 1.492E+15 6.904E+10 1.529E+07
6.00E-01 to 8.00E-01 5.685E+10 4.078E+15 4.371E+10 1.283E+09
8.00E-01 to 1.00E+00 2.984E+11 6.795E+14 5.780E+10 1.701E+11
1.00E+00 to 1.33E+00 6.430E+12 1.973E+14 4.315E+12 3.772E+12
1.33E+00 to 1.66E+00 1.816E+12 6.062E+13 1.219E+12 1.065E+12
1.66E+00 to 2.00E+00 2.582E+04 1.630E+12 5.554E+04 1.717E+04
2.00E+00 to 2.50E+00 4.345E+07 2.680E+12 2.916E+07 2.549E+07
2.50E+00 to 3.00E+00 3.712E+04 1.205E+11 2.491E+04 2.177E+04
3.00E+00 to 4.00E+00 1.313E-05 1.126E+10 6.518E-05 1.081E-05
4.00E+00 to 5.00E+00 2.027E-27 4.7T46E+07 1.319E-27 0.000E+00
5.00E+00 to 6.50E+00 5.840E-28 1.905E+07 3.801E-28 0.000E+00
6.50E+00 to 8.00E+00 7.427E-29 3.737E+06 4.834E-29 0.000E+00
8.00E+00 to 1.00E+01 9.912E-30 7.934E+05 6.452E-30 0.000E+00

Total Gamma, g/(sec*FA) 9.115E+12 9.848E+15 5.981E+12 5.092E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 1.386E+09

Treated with peaking factor 1.215 and k.;=0.4 (dry) 2.807E+09

Treated with peaking factor 1.215 and k.;=0.65 (wet) 4.811E+09

Page 6-51



NUHOMS® EOS System Safety Analysis Report

Rev. 5, 04/16

Table 6-16
PWR Source Term for the EOS-TC125/135, Zone 3 (Normal and Accident)

Burnup (GWd/MTU) 40 62 40 40

Enrichment (wt. % U-235) 2.5 3.8 2.5 2.5

Cooling Time (years) 4.698 10.25 4.698 4.698
Gamma Source Term, y/(sec*FA)

Enin, MeV to | Enan MeV BN(:)t;ng In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 2.553E+11 1.283E+15 1.736E+11 5.548E+10
5.00E-02 to 1.00E-01 1.929E+10 3.475E+14 1.268E+10 1.075E+10
1.00E-01 to 2.00E-01 1.912E+10 2.608E+14 1.246E+10 2.633E+09
2.00E-01 to 3.00E-01 1.260E+09 7.440E+13 8.254E+08 1.297E+08
3.00E-01 to 4.00E-01 3.742E+09 4.635E+13 2.440E+09 1.684E+08
4.00E-01 to 6.00E-01 7.744E+10 2.813E+14 5.041E+10 1.187E+07
6.00E-01 to 8.00E-01 4.168E+10 2.557E+15 3.279E+10 1.084E+09
8.00E-01 to 1.00E+00 1.542E+11 1.542E+14 3.225E+10 8.801E+10
1.00E+00 to 1.33E+00 5.321E+12 9.823E+13 3.494E+12 3.116E+12
1.33E+00 to 1.66E+00 1.503E+12 1.721E+13 9.868E+11 8.800E+11
1.66E+00 to 2.00E+00 1.926E+03 1.605E+11 3.930E+03 1.187E+03
2.00E+00 to 2.50E+00 3.595E+07 5.228E+10 2.361E+07 2.106E+07
2.50E+00 to 3.00E+00 3.072E+04 4.525E+09 2.017E+04 1.799E+04
3.00E+00 to 4.00E+00 9.973E-06 4.548E+08 4.953E-05 8.212E-06
4.00E+00 to 5.00E+00 5.952E-28 3.895E+07 3.874E-28 0.000E+00
5.00E+00 to 6.50E+00 1.715E-28 1.563E+07 1.116E-28 0.000E+00
6.50E+00 to 8.00E+00 2.181E-29 3.067E+06 1.420E-29 0.000E+00
8.00E+00 to 1.00E+01 2.911E-30 6.511E+05 1.895E-30 0.000E+00

Total Gamma, g/(sec*FA) 7.395E+12 5.120E+15 4.799E+12 4.154E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 1.135E+09

Treated with peaking factor 1.215 and k.;=0.4 (dry) 2.298E+09

Treated with peaking factor 1.215 and k.;=0.65 (wet) 3.940E+09
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Table 6-17
PWR Source Term for the EOS-HSM, Zone 1 (Normal and Accident)

Burnup (GWd/MTU) 33.086 33.086 33.086 33.086

Enrichment (wt. % U-235) 2.0 2.0 2.0 2.0

Cooling Time (years) 5.00 5.00 5.00 5.00
Gamma Source Term, y/(sec*FA)

Enin, MeV to | Enan MeV BN(:)t;ng In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 2.168E+11 1.271E+15 1.468E+11 4.999E+10
5.00E-02 to 1.00E-01 1.735E+10 3.698E+14 1.125E+10 9.697E+09
1.00E-01 to 2.00E-01 1.626E+10 3.082E+14 1.055E+10 2.375E+09
2.00E-01 to 3.00E-01 1.067E+09 8.618E+13 6.968E+08 1.170E+08
3.00E-01 to 4.00E-01 3.136E+09 6.061E+13 2.042E+09 1.519E+08
4.00E-01 to 6.00E-01 6.461E+10 7.503E+14 4.206E+10 1.072E+07
6.00E-01 to 8.00E-01 3.483E+10 2.131E+15 2.764E+10 9.512E+08
8.00E-01 to 1.00E+00 1.144E+11 3.162E+14 2.477E+10 6.536E+10
1.00E+00 to 1.33E+00 4.803E+12 1.083E+14 3.109E+12 2.810E+12
1.33E+00 to 1.66E+00 1.356E+12 3.206E+13 8.780E+11 7.935E+11
1.66E+00 to 2.00E+00 7.184E+02 1.371E+12 1.354E+03 3.931E+02
2.00E+00 to 2.50E+00 3.245E+07 2.541E+12 2.101E+07 1.899E+07
2.50E+00 to 3.00E+00 2.773E+04 1.030E+11 1.795E+04 1.622E+04
3.00E+00 to 4.00E+00 8.044E-06 9.562E+09 3.995E-05 6.624E-06
4.00E+00 to 5.00E+00 2.247E-28 1.253E+07 1.463E-28 0.000E+00
5.00E+00 to 6.50E+00 6.475E-29 5.029E+06 4.215E-29 0.000E+00
6.50E+00 to 8.00E+00 8.236E-30 9.866E+05 5.361E-30 0.000E+00
8.00E+00 to 1.00E+01 1.099E-30 2.095E+05 7.154E-31 0.000E+00

Total Gamma, g/(sec*FA) 6.627E+12 5.438E+15 4.253E+12 3.732E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 3.599E+08

Treated with peaking factor 1.215 and k.;=0.4 (dry) 7.288E+08
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Table 6-18
PWR Source Term for the EOS-HSM, Zone 2 (Normal and Accident)

Burnup (GWd/MTU) 50 50 50 50

Enrichment (wt. % U-235) 3.1 3.1 3.1 3.1

Cooling Time (years) 3.959 3.959 3.959 3.959
Gamma Source Term, y/(sec*FA)

Enin, MeV to | Enan MeV BN(:)t;ng In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 3.521E+11 2.449E+15 2.398E+11 6.714E+10
5.00E-02 to 1.00E-01 2.348E+10 7.302E+14 1.574E+10 1.302E+10
1.00E-01 to 2.00E-01 2.546E+10 6.328E+14 1.666E+10 3.190E+09
2.00E-01 to 3.00E-01 1.693E+09 1.754E+14 1.112E+09 1.569E+08
3.00E-01 to 4.00E-01 5.145E+09 1.257E+14 3.358E+09 2.038E+08
4.00E-01 to 6.00E-01 1.061E+11 1.808E+15 6.904E+10 1.529E+07
6.00E-01 to 8.00E-01 5.685E+10 3.918E+15 4.371E+10 1.283E+09
8.00E-01 to 1.00E+00 2.984E+11 7.609E+14 5.780E+10 1.701E+11
1.00E+00 to 1.33E+00 6.430E+12 2.058E+14 4.315E+12 3.772E+12
1.33E+00 to 1.66E+00 1.816E+12 7.017E+13 1.219E+12 1.065E+12
1.66E+00 to 2.00E+00 2.582E+04 3.289E+12 5.554E+04 1.717E+04
2.00E+00 to 2.50E+00 4.345E+07 6.769E+12 2.916E+07 2.549E+07
2.50E+00 to 3.00E+00 3.712E+04 2.480E+11 2.491E+04 2.177E+04
3.00E+00 to 4.00E+00 1.313E-05 2.297E+10 6.518E-05 1.081E-05
4.00E+00 to 5.00E+00 2.027E-27 3.151E+07 1.319E-27 0.000E+00
5.00E+00 to 6.50E+00 5.840E-28 1.265E+07 3.801E-28 0.000E+00
6.50E+00 to 8.00E+00 7.427E-29 2.481E+06 4.834E-29 0.000E+00
8.00E+00 to 1.00E+01 9.912E-30 5.268E+05 6.452E-30 0.000E+00

Total Gamma, g/(sec*FA) 9.115E+12 1.089E+16 5.981E+12 5.092E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 9.107E+08

Treated with peaking factor 1.215 and k.;=0.4 (dry) 1.844E+09
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Table 6-19
PWR Source Term for the EOS-HSM, Zone 3 (Normal and Accident)

Burnup (GWd/MTU) 40 40 40 40

Enrichment (wt. % U-235) 2.5 2.5 2.5 2.5

Cooling Time (years) 4.698 4.698 4.698 4.698
Gamma Source Term, y/(sec*FA)

Enin, MeV to | Enan MeV BN(:)t;ng In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 2.553E+11 1.621E+15 1.736E+11 5.548E+10
5.00E-02 to 1.00E-01 1.929E+10 4.734E+14 1.268E+10 1.075E+10
1.00E-01 to 2.00E-01 1.912E+10 3.991E+14 1.246E+10 2.633E+09
2.00E-01 to 3.00E-01 1.260E+09 1.112E+14 8.254E+08 1.297E+08
3.00E-01 to 4.00E-01 3.742E+09 7.827E+13 2.440E+09 1.684E+08
4.00E-01 to 6.00E-01 7.744E+10 1.052E+15 5.041E+10 1.187E+07
6.00E-01 to 8.00E-01 4.168E+10 2.730E+15 3.279E+10 1.084E+09
8.00E-01 to 1.00E+00 1.542E+11 4.477E+14 3.225E+10 8.801E+10
1.00E+00 to 1.33E+00 5.321E+12 1.393E+14 3.494E+12 3.116E+12
1.33E+00 to 1.66E+00 1.503E+12 4.315E+13 9.868E+11 8.800E+11
1.66E+00 to 2.00E+00 1.926E+03 1.817E+12 3.930E+03 1.187E+03
2.00E+00 to 2.50E+00 3.595E+07 3.468E+12 2.361E+07 2.106E+07
2.50E+00 to 3.00E+00 3.072E+04 1.364E+11 2.017E+04 1.799E+04
3.00E+00 to 4.00E+00 9.973E-06 1.266E+10 4.953E-05 8.212E-06
4.00E+00 to 5.00E+00 5.952E-28 1.869E+07 3.874E-28 0.000E+00
5.00E+00 to 6.50E+00 1.715E-28 7.501E+06 1.116E-28 0.000E+00
6.50E+00 to 8.00E+00 2.181E-29 1.472E+06 1.420E-29 0.000E+00
8.00E+00 to 1.00E+01 2.911E-30 3.124E+05 1.895E-30 0.000E+00

Total Gamma, g/(sec*FA) 7.395E+12 7.100E+15 4.799E+12 4.154E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 5.376E+08

Treated with peaking factor 1.215 and k.;=0.4 (dry) 1.089E+09
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Table 6-20
BWR Source Term for the EOS-TC108, Zone 1 (Normal and Accident)

Burnup (GWD/MTU) 17.07 62 17.07 17.07

Enrichment (wt. % U-235) 0.9 3.8 0.9 0.9

Cooling Time (years) 3.000 16.490 3.000 3.000
Gamma Source Term, y/(sec*FA)

Enin, MeV | to | Epay, MeV BN(::;E;: In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 5.478E+10 4.235E+14 1.045E+11 2.552E+10
5.00E-02 to 1.00E-01 7.401E+09 1.171E+14 2.736E+09 2.729E+09
1.00E-01 to 2.00E-01 2.931E+09 8.105E+13 6.338E+09 1.404E+09
2.00E-01 to 3.00E-01 1.691E+08 2.424E+13 4.480E+08 8.636E+07
3.00E-01 to 4.00E-01 4.376E+08 1.589E+13 1.711E+09 2.576E+08
4.00E-01 to 6.00E-01 5.899E+09 2.407E+13 3.045E+10 3.932E+09
6.00E-01 to 8.00E-01 3.122E+09 8.094E+14 1.613E+10 2.101E+09
8.00E-01 to 1.00E+00 1.515E+11 1.462E+13 4.572E+10 4.680E+10
1.00E+00 to 1.33E+00 2.111E+12 1.787E+13 6.749E+11 7.732E+11
1.33E+00 to 1.66E+00 5.961E+11 2.287E+12 1.906E+11 2.184E+11
1.66E+00 to 2.00E+00 1.388E-+05 4.114E+10 4.210E+04 1.017E+05
2.00E+00 to 2.50E+00 1.426E+07 2.301E+09 4.561E+06 5.225E+06
2.50E+00 to 3.00E+00 1.219E+04 3.129E+08 3.897E+03 4.464E+03
3.00E+00 to 4.00E+00 3.040E-07 3.411E+07 3.117E-08 1.713E-06
4.00E+00 to 5.00E+00 4.928E-31 1.087E+07 2.553E-30 3.289E-31
5.00E+00 to 6.50E+00 1.420E-31 4.362E+06 7.356E-31 9.477E-32
6.50E+00 to 8.00E+00 1.806E-32 8.557E+05 9.356E-32 1.205E-32
8.00E+00 to 1.00E+01 2.410E-33 1.817E+05 1.249E-32 1.609E-33

Total Gamma, g/(sec*FA) 2.933E+12 1.530E+15 1.074E+12 1.074E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 3.168E+08

Treated with peaking factor 1.232 and k.;=0.4 (dry) 6.505E+08

Treated with peaking factor 1.232 and k.s=0.65 (wet) 1.115E+09
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Table 6-21
BWR Source Term for the EOS-TC108, Zone 2 (Normal and Accident)

Burnup (GWD/MTU) 23.4 62 23.4 23.4

Enrichment (wt. % U-235) 1.2 3.8 1.2 1.2

Cooling Time (years) 3.000 8.515 3.000 3.000
Gamma Source Term, y/(sec*FA)

Enin, MeV | to | Epay, MeV BN(::;E;: In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 6.519E+10 5.613E+14 1.271E+11 3.062E+10
5.00E-02 to 1.00E-01 8.701E+09 1.516E+14 3.243E+09 3.225E+09
1.00E-01 to 2.00E-01 3.546E+09 1.136E+14 7.976E+09 1.721E+09
2.00E-01 to 3.00E-01 2.057E+08 3.258E+13 5.628E+08 1.063E+08
3.00E-01 to 4.00E-01 5.307E+08 2.101E+13 2.097E+09 3.140E+08
4.00E-01 to 6.00E-01 7.473E+09 1.819E+14 3.859E+10 4.981E+09
6.00E-01 to 8.00E-01 3.945E+09 1.137E+15 2.038E+10 2.655E+09
8.00E-01 to 1.00E+00 1.803E+11 8.994E+13 5.441E+10 5.569E+10
1.00E+00 to 1.33E+00 2.480E+12 4.038E+13 7.924E+11 9.128E+11
1.33E+00 to 1.66E+00 7.005E+11 9.234E+12 2.238E+11 2.578E+11
1.66E+00 to 2.00E+00 1.463E+05 1.069E+11 4.623E+04 1.071E+05
2.00E+00 to 2.50E+00 1.676E+07 7.362E+10 5.355E+06 6.167E+06
2.50E+00 to 3.00E+00 1.432E+04 4.972E+09 4.575E+03 5.270E+03
3.00E+00 to 4.00E+00 4.768E-07 4.831E+08 4.888E-08 2.687E-06
4.00E+00 to 5.00E+00 3.049E-30 1.469E+07 1.579E-29 2.035E-30
5.00E+00 to 6.50E+00 8.785E-31 5.896E+06 4.551E-30 5.863E-31
6.50E+00 to 8.00E+00 1.117E-31 1.157E+06 5.788E-31 7.458E-32
8.00E+00 to 1.00E+01 1.491E-32 2.456E+05 7.725E-32 9.953E-33

Total Gamma, g/(sec*FA) 3.451E+12 2.339E+15 1.270E+12 1.270E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 4.285E+08

Treated with peaking factor 1.232 and k.;=0.4 (dry) 8.799E+08

Treated with peaking factor 1.232 and k.s=0.65 (wet) 1.508E+09
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Table 6-22
BWR Source Term for the EOS-TC108, Zone 3 (Normal and Accident)

Burnup (GWD/MTU) 62 62 62 62

Enrichment (wt. % U-235) 3.8 3.8 3.8 3.8

Cooling Time (years) 9.699 9.699 9.699 9.699
Gamma Source Term, y/(sec*FA)

Enin, MeV | to | Epay, MeV BN(:)t;ZlT In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 2.884E+10 5.285E+14 2.939E+10 1.222E+10
5.00E-02 to 1.00E-01 4.888E+09 1.430E+14 1.692E+09 1.848E+09
1.00E-01 to 2.00E-01 1.638E+09 1.056E+14 2.718E+09 7.473E+08
2.00E-01 to 3.00E-01 9.060E+07 3.051E+13 1.849E+08 4.356E+07
3.00E-01 to 4.00E-01 1.826E+08 1.963E+13 5.747E+08 9.977E+07
4.00E-01 to 6.00E-01 2.401E+09 1.263E+14 1.240E+10 1.600E+09
6.00E-01 to 8.00E-01 1.262E+09 1.053E+15 6.468E+09 8.900E+08
8.00E-01 to 1.00E+00 1.158E+09 6.453E+13 3.478E+08 4.128E+08
1.00E+00 to 1.33E+00 1.411E+12 3.500E+13 4.489E+11 5.314E+11
1.33E+00 to 1.66E+00 3.985E+11 7.091E+12 1.268E+11 1.501E+11
1.66E+00 to 2.00E+00 2.084E+01 7.384E+10 1.078E+02 1.390E+01
2.00E+00 to 2.50E+00 9.535E+06 3.080E+10 3.033E+06 3.591E+06
2.50E+00 to 3.00E+00 8.147E+03 2.376E+09 2.592E+03 3.068E+03
3.00E+00 to 4.00E+00 1.264E-06 2.379E+08 1.295E-07 7.119E-06
4.00E+00 to 5.00E+00 4.257E-28 1.404E+07 2.205E-27 2.840E-28
5.00E+00 to 6.50E+00 1.227E-28 5.634E+06 6.352E-28 8.184E-29
6.50E+00 to 8.00E+00 1.560E-29 1.105E+06 8.080E-29 1.041E-29
8.00E+00 to 1.00E+01 2.082E-30 2.347E+05 1.078E-29 1.389E-30

Total Gamma, g/(sec*FA) 1.850E+12 2.113E+15 6.295E+11 6.993E+11
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 4.094E+08

Treated with peaking factor 1.232 and k.;=0.4 (dry) 8.406E+08

Treated with peaking factor 1.232 and k.s=0.65 (wet) 1.441E+09
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Table 6-23
BWR Source Term for the EOS-TC125/135, Zone 1 (Normal and Accident)

Burnup (GWD/MTU) 17.07 62 17.07 17.07

Enrichment (wt. % U-235) 0.9 3.8 0.9 0.9

Cooling Time (years) 3.000 16.490 3.000 3.000
Gamma Source Term, y/(sec*FA)

Enin, MeV | to | Epay, MeV BN(::;E;: In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 5.478E+10 4.235E+14 1.045E+11 2.552E+10
5.00E-02 to 1.00E-01 7.401E+09 1.171E+14 2.736E+09 2.729E+09
1.00E-01 to 2.00E-01 2.931E+09 8.105E+13 6.338E+09 1.404E+09
2.00E-01 to 3.00E-01 1.691E+08 2.424E+13 4.480E+08 8.636E+07
3.00E-01 to 4.00E-01 4.376E+08 1.589E+13 1.711E+09 2.576E+08
4.00E-01 to 6.00E-01 5.899E+09 2.407E+13 3.045E+10 3.932E+09
6.00E-01 to 8.00E-01 3.122E+09 8.094E+14 1.613E+10 2.101E+09
8.00E-01 to 1.00E+00 1.515E+11 1.462E+13 4.572E+10 4.680E+10
1.00E+00 to 1.33E+00 2.111E+12 1.787E+13 6.749E+11 7.732E+11
1.33E+00 to 1.66E+00 5.961E+11 2.287E+12 1.906E+11 2.184E+11
1.66E+00 to 2.00E+00 1.388E-+05 4.114E+10 4.210E+04 1.017E+05
2.00E+00 to 2.50E+00 1.426E+07 2.301E+09 4.561E+06 5.225E+06
2.50E+00 to 3.00E+00 1.219E+04 3.129E+08 3.897E+03 4.464E+03
3.00E+00 to 4.00E+00 3.040E-07 3.411E+07 3.117E-08 1.713E-06
4.00E+00 to 5.00E+00 4.928E-31 1.087E+07 2.553E-30 3.289E-31
5.00E+00 to 6.50E+00 1.420E-31 4.362E+06 7.356E-31 9.477E-32
6.50E+00 to 8.00E+00 1.806E-32 8.557E+05 9.356E-32 1.205E-32
8.00E+00 to 1.00E+01 2.410E-33 1.817E+05 1.249E-32 1.609E-33

Total Gamma, g/(sec*FA) 2.933E+12 1.530E+15 1.074E+12 1.074E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 3.168E+08

Treated with peaking factor 1.232 and k.;=0.4 (dry) 6.505E+08

Treated with peaking factor 1.232 and k.s=0.65 (wet) 1.115E+09
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Table 6-24
BWR Source Term for the EOS-TC125/135, Zone 2 (Normal and Accident)

Burnup (GWD/MTU) 26.59 62 26.59 26.59

Enrichment (wt. % U-235) 1.3 3.8 1.3 1.3

Cooling Time (years) 3.000 6.971 3.000 3.000
Gamma Source Term, y/(sec*FA)

Enin, MeV | to | Epay, MeV BN(::;E;: In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 6.951E+10 6.304E+14 1.360E+11 3.271E+10
5.00E-02 to 1.00E-01 9.256E+09 1.714E+14 3.458E+09 3.438E+09
1.00E-01 to 2.00E-01 3.805E+09 1.315E+14 8.658E+09 1.855E+09
2.00E-01 to 3.00E-01 2.210E+08 3.742E+13 6.104E+08 1.147E+08
3.00E-01 to 4.00E-01 5.690E+08 2.449E+13 2.254E+09 3.371E+08
4.00E-01 to 6.00E-01 8.127E+09 3.004E+14 4.197E+10 5.417E+09
6.00E-01 to 8.00E-01 4.287E+09 1.294E+15 2.214E+10 2.885E+09
8.00E-01 to 1.00E+00 1.905E+11 1.421E+14 5.750E+10 5.885E+10
1.00E+00 to 1.33E+00 2.638E+12 4.996E+13 8.425E+11 9.729E+11
1.33E+00 to 1.66E+00 7.451E+11 1.353E+13 2.379E+11 2. 714TE+11
1.66E+00 to 2.00E+00 1.487E+05 2.171E+11 4.786E+04 1.089E+05
2.00E+00 to 2.50E+00 1.783E+07 2.445E+11 5.694E+06 6.574E+06
2.50E+00 to 3.00E+00 1.523E+04 1.377E+10 4.865E+03 5.617E+03
3.00E+00 to 4.00E+00 5.566E-07 1.306E+09 5.706E-08 3.136E-06
4.00E+00 to 5.00E+00 6.020E-30 1.560E+07 3.119E-29 4.018E-30
5.00E+00 to 6.50E+00 1.735E-30 6.260E+06 8.986E-30 1.158E-30
6.50E+00 to 8.00E+00 2.206E-31 1.228E+06 1.143E-30 1.473E-31
8.00E+00 to 1.00E+01 2.945E-32 2.608E+05 1.525E-31 1.965E-32

Total Gamma, g/(sec*FA) 3.670E+12 2.796E+15 1.353E+12 1.353E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 4.553E+08

Treated with peaking factor 1.232 and k.;=0.4 (dry) 9.349E+08

Treated with peaking factor 1.232 and k.s=0.65 (wet) 1.603E+09
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Table 6-25
BWR Source Term for the EOS-TC125/135, Zone 3 (Normal)
Burnup (GWD/MTU) 21.72 21.72 21.72 21.72
Enrichment (wt. % U-235) 1.1 1.1 1.1 1.1
Cooling Time (years) 3.000 3.000 3.000 3.000
Gamma Source Term, y/(sec*FA)

Enin, MeV | to | Epay, MeV BN(::;E;: In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 6.284E+10 8.933E+14 1.217E+11 2.945E+10
5.00E-02 to 1.00E-01 8.418E+09 2.854E+14 3.130E+09 3.116E+09
1.00E-01 to 2.00E-01 3.404E+09 2.626E+14 7.575E+09 1.646E+09
2.00E-01 to 3.00E-01 1.971E+08 7.166E+13 5.346E+08 1.016E+08
3.00E-01 to 4.00E-01 5.085E+08 5.544E+13 2.003E+09 3.004E+08
4.00E-01 to 6.00E-01 7.084E+09 4.152E+14 3.658E+10 4.722E+09
6.00E-01 to 8.00E-01 3.742E+09 7.410E+14 1.933E+10 2.518E+09
8.00E-01 to 1.00E+00 1.736E+11 1.317E+14 5.239E+10 5.363E+10
1.00E+00 to 1.33E+00 2.400E+12 4.950E+13 7.669E+11 8.822E+11
1.33E+00 to 1.66E+00 6.778E+11 1.676E+13 2.166E+11 2.491E+11
1.66E+00 to 2.00E+00 1.443E+05 1.788E+12 4.516E+04 1.057E+05
2.00E+00 to 2.50E+00 1.622E+07 4.468E+12 5.183E+06 5.961E+06
2.50E+00 to 3.00E+00 1.386E+04 1.335E+11 4.428E+03 5.093E+03
3.00E+00 to 4.00E+00 4.305E-07 1.226E+10 4.413E-08 2.426E-06
4.00E+00 to 5.00E+00 2.020E-30 2.004E+06 1.046E-29 1.348E-30
5.00E+00 to 6.50E+00 5.820E-31 8.044E+05 3.015E-30 3.884E-31
6.50E+00 to 8.00E+00 7.403E-32 1.578E+05 3.835E-31 4.941E-32
8.00E+00 to 1.00E+01 9.879E-33 3.350E+04 5.118E-32 6.594E-33

Total Gamma, g/(sec*FA) 3.338E+12 2.929E+15 1.227E+12 1.227E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 5.743E+07

Treated with peaking factor 1.232 and k.;=0.4 (dry) 1.179E+08

Treated with peaking factor 1.232 and k.s=0.65 (wet) 2.022E+08
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Table 6-26
BWR Source Term for the EOS-TC125/135, Zone 3 (Accident)
Burnup (GWD/MTU) 21.72 62 21.72 21.72
Enrichment (wt. % U-235) 1.1 3.8 1.1 1.1
Cooling Time (years) 3.000 9.699 3.000 3.000
Gamma Source Term, y/(sec*FA)

Enin, MeV | to | Epay, MeV BN(::;E;: In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 6.284E+10 5.285E+14 1.217E+11 2.945E+10
5.00E-02 to 1.00E-01 8.418E+09 1.430E+14 3.130E+09 3.116E+09
1.00E-01 to 2.00E-01 3.404E+09 1.056E+14 7.575E+09 1.646E+09
2.00E-01 to 3.00E-01 1.971E+08 3.051E+13 5.346E+08 1.016E+08
3.00E-01 to 4.00E-01 5.085E+08 1.963E+13 2.003E+09 3.004E+08
4.00E-01 to 6.00E-01 7.084E+09 1.263E+14 3.658E+10 4.722E+09
6.00E-01 to 8.00E-01 3.742E+09 1.053E+15 1.933E+10 2.518E+09
8.00E-01 to 1.00E+00 1.736E+11 6.453E+13 5.239E+10 5.363E+10
1.00E+00 to 1.33E+00 2.400E+12 3.500E+13 7.669E+11 8.822E+11
1.33E+00 to 1.66E+00 6.778E+11 7.091E+12 2.166E+11 2.491E+11
1.66E+00 to 2.00E+00 1.443E+05 7.384E+10 4.516E+04 1.057E+05
2.00E+00 to 2.50E+00 1.622E+07 3.080E+10 5.183E+06 5.961E+06
2.50E+00 to 3.00E+00 1.386E+04 2.376E+09 4.428E+03 5.093E+03
3.00E+00 to 4.00E+00 4.305E-07 2.379E+08 4.413E-08 2.426E-06
4.00E+00 to 5.00E+00 2.020E-30 1.404E+07 1.046E-29 1.348E-30
5.00E+00 to 6.50E+00 5.820E-31 5.634E+06 3.015E-30 3.884E-31
6.50E+00 to 8.00E+00 7.403E-32 1.105E+06 3.835E-31 4.941E-32
8.00E+00 to 1.00E+01 9.879E-33 2.347E+05 5.118E-32 6.594E-33

Total Gamma, g/(sec*FA) 3.338E+12 2.113E+15 1.227E+12 1.227E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 4.094E+08

Treated with peaking factor 1.232 and k.;=0.4 (dry) 8.406E+08

Treated with peaking factor 1.232 and k.s=0.65 (wet) 1.441E+09
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Table 6-27
BWR Source Term for the EOS-HSM, Zone 1 (Normal and Accident)

Burnup (GWD/MTU) 17.07 40 17.07 17.07

Enrichment (wt. % U-235) 0.9 2.5 0.9 0.9

Cooling Time (years) 3.000 5.955 3.000 3.000
Gamma Source Term, y/(sec*FA)

Enin, MeV | to | Epay, MeV BN(::;E;: In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 5.478E+10 4.862E+14 1.045E+11 2.552E+10
5.00E-02 to 1.00E-01 7.401E+09 1.362E+14 2.736E+09 2.729E+09
1.00E-01 to 2.00E-01 2.931E+09 1.074E+14 6.338E+09 1.404E+09
2.00E-01 to 3.00E-01 1.691E+08 3.041E+13 4.480E+08 8.636E+07
3.00E-01 to 4.00E-01 4.376E+08 2.076E+13 1.711E+09 2.576E+08
4.00E-01 to 6.00E-01 5.899E+09 2.518E+14 3.045E+10 3.932E+09
6.00E-01 to 8.00E-01 3.122E+09 9.138E+14 1.613E+10 2.101E+09
8.00E-01 to 1.00E+00 1.515E+11 1.114E+14 4.572E+10 4.680E+10
1.00E+00 to 1.33E+00 2.111E+12 3.914E+13 6.749E+11 7.732E+11
1.33E+00 to 1.66E+00 5.961E+11 1.125E+13 1.906E+11 2.184E+11
1.66E+00 to 2.00E+00 1.388E-+05 3.161E+11 4.210E+04 1.017E+05
2.00E+00 to 2.50E+00 1.426E+07 4.963E+11 4.561E+06 5.225E+06
2.50E+00 to 3.00E+00 1.219E+04 2.265E+10 3.897E+03 4.464E+03
3.00E+00 to 4.00E+00 3.040E-07 2.113E+09 3.117E-08 1.713E-06
4.00E+00 to 5.00E+00 4.928E-31 6.042E+06 2.553E-30 3.289E-31
5.00E+00 to 6.50E+00 1.420E-31 2.425E+06 7.356E-31 9.477E-32
6.50E+00 to 8.00E+00 1.806E-32 4.757E+05 9.356E-32 1.205E-32
8.00E+00 to 1.00E+01 2.410E-33 1.010E+05 1.249E-32 1.609E-33

Total Gamma, g/(sec*FA) 2.933E+12 2.109E+15 1.074E+12 1.074E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 1.738E+08

Treated with peaking factor 1.232 and k.;=0.4 (dry) 3.569E+08
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Table 6-28
BWR Source Term for the EOS-HSM, Zone 2 (Normal and Accident)

Burnup (GWD/MTU) 26.59 50 26.59 26.59

Enrichment (wt. % U-235) 1.3 3.1 1.3 1.3

Cooling Time (years) 3.000 5.031 3.000 3.000
Gamma Source Term, y/(sec*FA)

Enin, MeV | to | Epay, MeV BN(::;E;: In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 6.951E+10 7.110E+14 1.360E+11 3.271E+10
5.00E-02 to 1.00E-01 9.256E+09 2.029E+14 3.458E+09 3.438E+09
1.00E-01 to 2.00E-01 3.805E+09 1.652E+14 8.658E+09 1.855E+09
2.00E-01 to 3.00E-01 2.210E+08 4.652E+13 6.104E+08 1.147E+08
3.00E-01 to 4.00E-01 5.690E+08 3.244E+13 2.254E+09 3.371E+08
4.00E-01 to 6.00E-01 8.127E+09 4.596E+14 4.197E+10 5.417E+09
6.00E-01 to 8.00E-01 4.287E+09 1.298E+15 2.214E+10 2.885E+09
8.00E-01 to 1.00E+00 1.905E+11 1.997E+14 5.750E+10 5.885E+10
1.00E+00 to 1.33E+00 2.638E+12 5.772E+13 8.425E+11 9.729E+11
1.33E+00 to 1.66E+00 7.451E+11 1.872E+13 2.379E+11 2. 714TE+11
1.66E+00 to 2.00E+00 1.487E+05 6.343E+11 4.786E+04 1.089E+05
2.00E+00 to 2.50E+00 1.783E+07 1.122E+12 5.694E+06 6.574E+06
2.50E+00 to 3.00E+00 1.523E+04 4.695E+10 4.865E+03 5.617E+03
3.00E+00 to 4.00E+00 5.566E-07 4.371E+09 5.706E-08 3.136E-06
4.00E+00 to 5.00E+00 6.020E-30 1.044E+07 3.119E-29 4.018E-30
5.00E+00 to 6.50E+00 1.735E-30 4.191E+06 8.986E-30 1.158E-30
6.50E+00 to 8.00E+00 2.206E-31 8.222E+05 1.143E-30 1.473E-31
8.00E+00 to 1.00E+01 2.945E-32 1.746E+05 1.525E-31 1.965E-32

Total Gamma, g/(sec*FA) 3.670E+12 3.194E+15 1.353E+12 1.353E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 3.018E+08

Treated with peaking factor 1.232 and k.;=0.4 (dry) 6.197E+08
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Table 6-29
BWR Source Term for the EOS-HSM, Zone 3 (Normal and Accident)

Burnup (GWD/MTU) 21.72 40 21.72 21.72

Enrichment (wt. % U-235) 1.1 2.5 1.1 1.1

Cooling Time (years) 3.000 4.715 3.000 3.000
Gamma Source Term, y/(sec*FA)

Enin, MeV | to | Epay, MeV BN(::;E;: In-core Plenum Top Nozzle
1.00E-02 to 5.00E-02 6.284E+10 6.488E+14 1.217E+11 2.945E+10
5.00E-02 to 1.00E-01 8.418E+09 1.891E+14 3.130E+09 3.116E+09
1.00E-01 to 2.00E-01 3.404E+09 1.571E+14 7.575E+09 1.646E+09
2.00E-01 to 3.00E-01 1.971E+08 4.404E+13 5.346E+08 1.016E+08
3.00E-01 to 4.00E-01 5.085E+08 3.146E+13 2.003E+09 3.004E+08
4.00E-01 to 6.00E-01 7.084E+09 3.971E+14 3.658E+10 4.722E+09
6.00E-01 to 8.00E-01 3.742E+09 1.069E+15 1.933E+10 2.518E+09
8.00E-01 to 1.00E+00 1.736E+11 1.654E+14 5.239E+10 5.363E+10
1.00E+00 to 1.33E+00 2.400E+12 5.020E+13 7.669E+11 8.822E+11
1.33E+00 to 1.66E+00 6.778E+11 1.629E+13 2.166E+11 2.491E+11
1.66E+00 to 2.00E+00 1.443E+05 7.080E+11 4.516E+04 1.057E+05
2.00E+00 to 2.50E+00 1.622E+07 1.375E+12 5.183E+06 5.961E+06
2.50E+00 to 3.00E+00 1.386E+04 5.282E+10 4.428E+03 5.093E+03
3.00E+00 to 4.00E+00 4.305E-07 4.897E+09 4.413E-08 2.426E-06
4.00E+00 to 5.00E+00 2.020E-30 6.334E+06 1.046E-29 1.348E-30
5.00E+00 to 6.50E+00 5.820E-31 2.542E+06 3.015E-30 3.884E-31
6.50E+00 to 8.00E+00 7.403E-32 4.987E+05 3.835E-31 4.941E-32
8.00E+00 to 1.00E+01 9.879E-33 1.059E+05 5.118E-32 6.594E-33

Total Gamma, g/(sec*FA) 3.338E+12 2.771E+15 1.227E+12 1.227E+12
Total Neutron Source Term, n/(sec*FA)

Raw ORIGEN-ARP source for uniform burnup 1.821E+08

Treated with peaking factor 1.232 and k.;=0.4 (dry) 3.739E+08
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Table 6-30
PWR Axial Source Distributions
Percentage of | Burnup Profile Normalized Normalized
Axial In-core Height (Gamma Gamma Neutron Neutron

Segment | (top of segment) Profile) Profile” Profile” Profile®
1 5.6 0.619 0.0344 0.133 0.0061
2 11.1 0.924 0.0513 0.718 0.0328
3 16.7 1.056 0.0587 1.257 0.0575
4 22.2 1.097 0.0609 1.475 0.0675
5 27.8 1.103 0.0613 1.509 0.0690
6 333 1.101 0.0612 1.498 0.0685
7 38.9 1.103 0.0613 1.509 0.0690
8 44 .4 1.112 0.0618 1.562 0.0714
9 50.0 1.125 0.0625 1.640 0.0750
10 55.6 1.136 0.0631 1.708 0.0781
11 61.1 1.143 0.0635 1.753 0.0802
12 66.7 1.143 0.0635 1.753 0.0802
13 72.2 1.136 0.0631 1.708 0.0781
14 77.8 1.115 0.0619 1.580 0.0722
15 83.3 1.047 0.0582 1.213 0.0555
16 88.9 0.882 0.0490 0.590 0.0270
17 94.4 0.701 0.0389 0.225 0.0103
18 100.0 0.456 0.0253 0.037 0.0017
- Sum 17.999 1.000 21.869 1.000
- Average 1.0 - 1.215 -

Notes:

(1) The normalized gamma profile is the gamma profile divided by the sum of the gamma profile (sum=17.999).

(2) The neutron profile is the burnup profile raised to the 4.2 power.

(3) The normalized neutron profile is the neutron profile divided by the sum of the neutron profile (sum=21.869).
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Table 6-31
BWR Axial Source Distributions
Percentage of | Burnup Profile Normalized Normalized
Axial In-core Height (Gamma Gamma Neutron Neutron

Segment | (top of segment) Profile) Profile” Profile” Profile®
1 4 0.7144 0.0288 0.244 0.0079
2 8 1.0993 0.0443 1.488 0.0483
3 12 1.2185 0.0491 2.293 0.0745
4 16 1.2312 0.0496 2.395 0.0778
5 20 1.2200 0.0492 2.305 0.0748
6 24 1.1799 0.0475 2.003 0.0650
7 28 1.1528 0.0465 1.817 0.0590
8 32 1.1306 0.0456 1.675 0.0544
9 36 1.1140 0.0449 1.574 0.0511
10 40 1.1192 0.0451 1.605 0.0521
11 44 1.1070 0.0446 1.533 0.0498
12 48 1.0807 0.0436 1.385 0.0450
13 52 1.0722 0.0432 1.340 0.0435
14 56 1.0579 0.0426 1.267 0.0411
15 60 1.0313 0.0416 1.138 0.0370
16 64 1.0180 0.0410 1.078 0.0350
17 68 1.0180 0.0410 1.078 0.0350
18 72 1.0212 0.0412 1.092 0.0355
19 76 1.0140 0.0409 1.060 0.0344
20 80 0.9789 0.0394 0.914 0.0297
21 84 0.9169 0.0370 0.695 0.0226
22 88 0.8430 0.0340 0.488 0.0158
23 92 0.7185 0.0290 0.249 0.0081
24 96 0.5540 0.0223 0.084 0.0027
25 100 0.2025 0.0082 0.001 0.0000
- Sum 24.814 1.000 30.801 1.000
- Average 1.0 - 1.232 -

Notes:

(1) The normalized gamma profile is the gamma profile divided by the sum of the gamma profile (sum=24.814).

(2) The neutron profile is the burnup profile raised to the 4.2 power.

(3) The normalized neutron profile is the neutron profile divided by the sum of the neutron profile (sum=30.801).

Page 6-67




NUHOMS® EOS System Safety Analysis Report Rev. 5, 04/16
Table 6-32
BPRA Hardware Masses
Region SS304 (kg) I““‘";‘;‘SJSO I“c‘z'llg)ns Poison (kg) | Zr-4 (kg)
BW 15x15
Top 3.602 0.058 0 0
Plenum 1.068 0 0.724 1.197
Core 2.468 0 9.146 11.98
WE 17x17 Pyrex
Top 2.62 0 0.42 0
Plenum 2.85 0 0 0
Core 11.9 0 0 5.08
WE 17x17 WABA
Top 2.95 0 0
Plenum 2.76 0 2.61
Core 0 0 2.5 14.8
Table 6-33
TPA Hardware Masses
Region SS304 (kg) Incorzt;{lgi(-750 Inczﬁzl) 718 | poison (kg) Zr-4 (kg)
WE 17x17
Top 2.468 0 0.358
Plenum 3.266 0 0
WE 14x14 Type 1
Top 2.03 0 0.417
Plenum 2.69 0 0
WE 14x14 Type 2
Top 2.03 0.363
Plenum 2.69 0
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Table 6-34
Elemental Constituents of Pyrex Poison

Pyrex (wt.

Element fraction)
B 0.040064

0] 0.539562
Na 0.028191
Al 0.011644

Si 0.377220

K 0.003321
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Table 6-35
CC ORIGEN-ARP Input Mass
BPRA TPA

Element Active Fuel (g) Plenum (g) Top (g) Plenum (g) Top (g)
B 203.525 0.000 0.000 0.000 0.000
C 9.508 0.455 0.290 2.609 2.115
N 15.450 0.740 0.475 4.240 3.670
O 2740.969 0.000 0.000 0.000 0.000
Na 143.210 0.000 0.000 0.000 0.000
Al 59.151 0.000 0.046 0.000 2.145
Si 2035.120 5.693 3.615 32.618 25.363
P 5.348 0.256 0.162 1.468 1.109
S 3.565 0.171 0.108 0.979 0.765
K 16.871 0.000 0.000 0.000 0.000
Ti 0.000 0.000 0.145 0.000 2.860
A% 0.000 0.000 0.000 0.000 0.000

Cr 2258.087 108.160 69.218 619.741 536.247
Mn 237.693 11.385 7.235 65.236 50.011

Fe 8181.881 391.905 248.050 2245.548 1761.237
Co 5.950 0.285 0.183 1.633 1.413

Ni 1060.112 50.778 36.275 290.952 405.887
Cu 0.000 0.000 0.003 0.000 0.358
Zr 0.000 0.000 0.000 0.000 0.000
Nb 0.000 0.000 0.052 0.000 19.854
Mo 0.000 0.000 0.000 0.000 10.726

Note: For the BPRA ORIGEN-ARP inputs, the flux scaling factors are applied to the constituent masses. For the
TPA inputs, the true masses are used in the inputs and the flux scaling factors are applied to the burnup.
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Table 6-36
CC Co-60 Activity and Decay Heat
BPRA TPA
Parameter Active Fuel Plenum Top Plenum Top
CO_.60 308 14.8 9.5 44.1 18.9
(Ci)
Decay Heat 48 0.2 0.1 0.7 0.3
(watts)

Page 6-71




NUHOMS® EOS System Safety Analysis Report Rev. 5, 04/16
Table 6-37
CC Source Term
Zone Zones 1,2,3 | Zones 1,2 Zone 3 Zones 1,2 Zone 3
Enin C((()j-i6)0 308 44.1 14.8 18.9 9.5
(MeV)
Enax Active Fuel Plenum Plenum Top Top
(MeV) (y/s-CC) (y/s-CC) (y/s-CC) (y/s-CC) (y/s-CC)

1.00E-02 | 5.00E-02 3.133E+11 4.540E+10 1.502E+10 2.061E+10 9.702E+09
5.00E-02 | 1.00E-01 6.183E+10 8.841E+09 2.965E+09 3.795E+09 1.911E+09
1.00E-01 | 2.00E-01 1.504E+10 2.145E+09 7.211E+08 9.226E+08 4.648E+08
2.00E-01 | 3.00E-01 7.435E+08 1.068E+08 3.565E+07 4.682E+07 2.300E+07
3.00E-01 | 4.00E-01 9.718E+08 1.397E+08 4.660E+07 6.024E+07 3.005E+07
4.00E-01 | 6.00E-01 7.218E+07 1.113E+07 3.288E+06 5.563E+06 2.144E+06
6.00E-01 | 8.00E-01 2.770E+07 5.117E+06 1.328E+06 1.497E+09 7.527E+06
8.00E-01 | 1.00E+00 1.640E+10 1.172E+09 7.865E+08 1.849E+09 5.047E+08
1.00E+00 | 1.33E+00 1.798E+13 2.573E+12 8.624E+11 1.100E+12 5.559E+11
1.33E+00 | 1.66E+00 | 5.078E+12 7.267E+11 2.435E+11 3.106E+11 1.570E+11
1.66E+00 | 2.00E+00 | 3.510E+00 3.100E-05 1.936E-05 2.716E-03 2.344E-04
2.00E+00 | 2.50E+00 | 1.215E+08 1.739E+07 5.827E+06 7.432E+06 3.756E+06
2.50E+00 | 3.00E+00 1.038E+05 1.486E+04 4.979E+03 6.350E+03 3.210E+03
3.00E+00 | 4.00E+00 1.322E-02 3.488E-11 1.102E-11 1.051E-06 9.764E-07
4.00E+00 | 5.00E+00 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
5.00E+00 | 6.50E+00 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
6.50E+00 | 8.00E+00 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
8.00E+00 | 1.00E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Total 2.347E+13 3.358E+12 1.125E+12 1.439E+12 7.256E+11
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Table 6-40
Irradiation Gases
PWR with CC (no PWR with IFBA (no BWR
Element IFBA) CcO )
(moles)" (moles)" (moles)
H 1.63E+00 1.58E+00 1.19E+00
He 1.17E+01 1.16E+01 1.08E+00
N 3.52E+00 2.33E+00 1.06E+00
F 2.77E-01 2.77E-01 1.12E-01
Ne 2.27E-04 1.63E-04 7.03E-05
Cl 7.35E-02 7.34E-02 2.96E-02
Ar 6.52E-04 2.60E-05 1.38E-05
Br 2.15E-01 2.15E-01 8.80E-02
Kr 3.25E+00 3.25E+00 1.34E+00
I 1.51E+00 1.51E+00 5.90E-01
Xe 3.69E+01 3.68E+01 1.51E+01
Rn 6.15E-13 6.14E-13 2.21E-13
Total 59.0°% 57.7 20.6
Notes:

(1) These gases represent gas generated by irradiation and do not include any gas present when the fuel or CC was

originally fabricated.

(2) The 59.0 moles of gas includes 49.4 moles from the PWR FA and 9.6 moles from CC.
(3) For fuel with a total unirradiated fuel length < 157 inches, this value is 54.8 moles.
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MCNP Material Compositions (wt. %)

Table 6-41

Element

Carbon
Steel

Stainless
Steel

Dry Air

Water

Regular
Concrete

Soil

Hydrogen

11.1894

1.0

Helium

Boron

Carbon

0.5

0.0124

Nitrogen

75.5268

Oxygen

23.1781

53.2

51.37

Sodium

2.9

0.614

Magnesium

1.33

Aluminum

34

6.856

Silicon

0.5

33.7

27.118

Phosphorous

0.023

Sulfur

0.015

Argon

Potassium

1.433

Calcium

5.117

Titanium

0.461

Chromium

19

Manganese

0.0716

Iron

70.173

5.629

Cobalt

Nickel

9.25

Copper

Zirconium

Niobium

Molybdenum

Tin

Lead

Density (g/cm’)

7.82

8.00

0.001205

M

2.243

1.52

Note: (1) 0.958 g/cm’ inside the DSC and 0.9982 g/cm” inside the neutron shield.
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Table 6-42
MCNP Borated Polyethylene Composition

Atom Density

Element (atom/b-cm)
Hydrogen 6.1848E-02
Boron-10 5.5978E-04
Boron-11 2.2532E-03
Carbon 3.6381E-02
Oxygen 4.2195E-03
Total 1.0526E-01
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Table 6-43
MCNP PWR Dry Fuel Compositions (wt. fraction)

Material Bottom Nozzle Active Fuel Plenum Top Nozzle
Boron 2.7088E-06 3.7133E-07 1.7956E-05 7.8154E-06
Carbon 2.0552E-04 5.4215E-06 3.3783E-04 4.5158E-04
Oxygen 6.3495E-04 9.8758E-02 5.4025E-04 -
Aluminum 2.7088E-04 3.7133E-05 1.7956E-03 7.8154E-04
Silicon 2.2469E-03 2.3617E-05 2.0878E-03 4.7155E-03
Phosphorous 1.0302E-04 1.0397E-06 9.3784E-05 2.1593E-04
Sulfur 6.9824E-05 1.0397E-06 7.8651E-05 1.4844E-04
Titanium 4.8759E-04 6.6840E-05 3.2322E-03 1.4068E-03
Chromium 8.9659E-02 1.5716E-03 1.0462E-01 1.9000E-01
Manganese 4.3216E-03 2.3617E-05 3.0336E-03 8.9340E-03
Iron 3.0144E-01 1.5836E-03 1.9469E-01 6.1862E-01
Cobalt 4.9300E-04 6.7583E-05 3.2681E-03 1.4224E-03
Nickel 6.6661E-02 3.8767E-03 2.0496E-01 1.5963E-01
Copper 1.4790E-04 2.0275E-05 9.8042E-04 4.2672E-04
Zirconium 5.2126E-01 1.5811E-01 4.4352E-01 -
Niobium 2.7765E-03 3.8062E-04 1.8405E-02 8.0108E-03
Molybdenum 1.6524E-03 2.2651E-04 1.0953E-02 4.7674E-03
Tin 7.4087E-03 2.2471E-03 6.3037E-03 -
U-234 - 1.9571E-04 - -
U-235 - 2.1989E-02 - -
U-236 - 1.0115E-04 - -
U-238 - 7.1069E-01 - -
Total 1.0 1.0 1.0 1.0
Density (g/cm’) 1.9683 3.9508 1.4454 1.8560
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Table 6-44
MCNP PWR Wet Fuel Compositions (wt. fraction)

Material Bottom Nozzle Active Fuel Plenum Top Nozzle
Hydrogen 2.9202E-02 1.4216E-02 3.8863E-02 3.1790E-02
Boron 2.0019E-06 3.2415E-07 1.1720E-05 5.5950E-06
Carbon 1.5188E-04 4.7326E-06 2.2049E-04 3.2328E-04
Oxygen 2.3225E-01 1.9905E-01 3.0881E-01 2.5232E-01
Aluminum 2.0019E-04 3.2415E-05 1.1720E-03 5.5950E-04
Silicon 1.6605E-03 2.0616E-05 1.3627E-03 3.3758E-03
Phosphorous 7.6132E-05 9.0763E-07 6.1211E-05 1.5458E-04
Sulfur 5.1601E-05 9.0763E-07 5.1334E-05 1.0626E-04
Titanium 3.6033E-04 5.8348E-05 2.1096E-03 1.0071E-03
Chromium 6.6260E-02 1.3719E-03 6.8286E-02 1.3602E-01
Manganese 3.1937E-03 2.0616E-05 1.9800E-03 6.3958E-03
Iron 2.2277E-01 1.3824E-03 1.