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In accordance with the provisions of 10 CFR 50.90 and 10 CFR 50.67, PPL Susquehanna, LLC
(PPL) is submitting a request for an amendment to the licensing basis for the Susquehanna Steam
Electric Station (SSES) Units 1 and 2 that supports a full implementation application of an
Alternative Source Term (AST) methodology with the following exceptions. The exceptions are
that the current TID-14844 accident source term will remain the licensing basis for equipment
qualification, NUREG-0737 evaluations other than Control Room habitability envelope (CRHE)
doses, and FSAR accidents not included in Regulatory Guide 1.183. Associated proposed
Technical Specification (TS) changes, which are supported by the AST analyses, are also
included in this application for a license amendment.

10 CFR 50.67, "Accident Source Term," provides a mechanism for currently licensed nuclear
power reactors to replace the traditional source term used in design basis accident analyses with
an alternative source term. Under this provision, licensees who seek to revise the accident
source term in design basis radiological consequence analyses must apply for a license
amendment under 10 CFR 50.90.-

Full implementation AST analyses were performed by PPL in accordance with the guidance in
Regulatory Guide 1.183, and Section 15.0.1 of the Standard Review Plan. PPL performed AST
analyses for the four BWR design basis accidents identified in Regulatory Guide 1.183 that
could potentially result in significant Control Room and offsite doses. These include the loss of
coolant accident, the main steam line break accident, the refueling accident, and the control rod
drop accident. As discussed with the SSES NRC Project Manager, the Recirculation Pump
Seizure event is not included in this license amendment request (LAR) and will be submitted as a
separate document at a later date4 The analyses demonstrate that using AST methodologies,
post-accident Control Room and offsite doses remain within regulatory acceptance limits.
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PPL proposes implementation of this proposed change through a change to the SSES licensing
basis, including the TS and associated Bases. Upon approval, conforming changes will be made
to the SSES Final Safety Analysis Report (FSAR) and submitted to the NRC staff in accordance
with 10 CER 50.71 as part of the regular FSAR update process.

Proposed changes in the licensing basis for SSES resulting from application of the AST include
the following:

* New offsite and Control Room atmospheric dispersion factors (X/Qs) based on site
specific meteorological data collected between 1999 and 2003, the new location of
the CRHE air intake and Regulatory Guides 1.145 and 1.194 revised methodologies.
Revised CRHE unfiltered inleakage from 10 cfm to 510 cfm.

* New AST analyses performed in accordance with the guidance in Regulatory
Guide 1.183 for the four design basis accidents: loss of coolant accident, the main
steam line break accident, the refueling accident, and the control rod drop accident.

* Revised TS Section 1.1 definition of Dose Equivalent I-13 1.
* Revised TS Section 3.1.7 to credit use of the Standby Liquid Control (SLC) System

to buffer suppression pool pH to prevent iodine re-evolution following a postulated
... design basis loss of coolant accident (DBA LOCA).

* Revised TS Section 3.7.3 concerning Control Room Emergency Outside Air Supply
System (CREOASS) to reflect Improved Standard Technical Specifications Change
Traveler (TSTF-448),

* Add TS Section 5.5.13 concerning CREOASS to reflect Improved Standard
Technical Specifications Change Traveler (TSTF-448) concerning Control Room
Habitability Program.

Table 5-1 of Attachment 5 provides a description of each proposed TS and TS Bases change.

In addition to revising the SSES licensing basis to adopt the AST, licensing basis changes are
proposed and justified to respond to NRC Generic Letter 2003-01, "Control Room Habitability,"
dated June 12, 2003 (Reference 12.1) and the Technical Specification Task Force Improved
Standard Technical Specifications Change Traveler TSTF-448, Revision 2 (Reference 12.2).
The proposed TS (Sectidni5.5.13), "Control Room Habitability Program", is provided in
Attachment 6 of this LAR.

In PPL Letter PLA-5916, dated 06/28/2005, PPL identified that one commitment (provide dose
consequence analysis using Regulatory Guide 1.183) will be provided with the PPL AST
submittal. This submittal serves to close that commitment and as such, all actions PPL
committed to take in response to Generic Letter 2003-01 are complete. No new Regulatory
Commitments are made herein.

The current operating license allIVys SSES to operate at a maximum steady-state power level of
3489 megawatts thermal (MW I. PPL is also currently engaged in an Extended Power Uprate
(EPU) project to increase the ma ximum licensed thermal power to 3952 MWt. Therefore, the
AST analyses supporting this amendment request have been performed with the core isotopic
values at EPU conditions and this application for license amendment is based on that bounding
core isotopic inventory.
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The use of an AST results in changes in the design basis accident radiological consequences;
however, the AST methodology has no direct impact on the probability or initiation of the
evaluated design basis accidents. Application of AST methodology and the other changes
requested by this application for a license amendment do not increase the core damage frequency
or the large early release frequency.

Therefore, this request for a revision to the SSES licensing basis is not being submitted as a
"risk-informed licensing action" as defined by Regulatory Guide 1.174.

Several domestic boiling water reactors (Duane Arnold, Brunswick Units 1 and 2, Grand Gulf,
Hope Creek, Clinton, and Perry) have previously provided justification for the use of AST
methodology utilizing a similar approach. These applications of AST methodology have been
approved by NRC.

Attachment 1 to this letter contains the overall description and summary of the proposed change.
Attachment 2 provides the detailed AST Safety Assessment Report supporting the proposed AST
license basis change. Attachments 3 and 4 are compliance tables addressing PPL's method of
conforming to the regulatory guidance of Regulatory Guides 1.183 and 1.194 respectively.
Attachment 5 contains the safety assessment for the proposed TS and Bases changes and their
justification. AttaChment 6 provides a mark-up of the current TS. Attachment 7 provides for
information a mark-up of the current TS Bases. Attachment 8 contains a list of activities to be
completed before AST implementation made in other portions of the request for the proposed
license amendment. Attachment 9 includes the No Significant Hazards Consideration
Determination and Environmental Consideration for the proposed changes. Attachment 10
contains non-proprietary calculations that support the Safety Assessment. Attachment 11
contains a CD with the updated meteorological data used to calculate the new Control Room and
offsite X/Qs. Attachment 12 is a list of applicable references.

These proposed changes to the current licensing basis in accordance with 10 CFR 50.92 have
been reviewed by the Plant Operations Review Committee and approved by the Susquehanna
Review Committee. PPL has concluded that the proposed change does not involve a significant
hazards consideration. PPL has also determined that the proposed change satisfies the criteria
for a categorical exclusion in accordance with 10 CFR 5122(c)(9) and does not require an
environmental review. Therefore, pursuant to 10 CFR 51.22(b), no environmental impact
statement or environmental assessment needs to be prepared for this change.

Implementation of the AST is scheduled for the spring 2007. To support this schedule, PPL
requests approval of this proposed License Amendment by December, 2006, with the
amendment conditioned to be effective upon startup from the U2-13RIO in spring 2007.
Implementation of AST is required to support the extended power uprate (EPU) implementation
for which the submnittal is currently being prepared and is scheduled to be submitted to NRC in
the spring of 2006. i

In accordance with 10 CER 50.91(b), PPL is providing the Commonwealth of Pennsylvania with
a copy of this proposed License Amendment request.

If you have any questions regarding this submittal, please contact Mr. Michael H. Crowthers at
(610) 774-7766.
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I declare under penalty of perjury that the foregoing is true and correct.

Executed on: o (- o3 T

Respectfully,

B. T. McKinney

Attachments:
Attachment 1 -
Attachment 2 -
Attachment 3 -
Attachment 4 -
Attachment 5 -

Attachment 6 -
Attachment 7 -

Attachment 8 -
Attachment 9 -

Description for the Alternate Source Term License Amendment
AST Safety Assessment Report
Regulatory Guide 1.183 Compliance Table
Regulatory Guide 1.194 Compliance Table
Safety Assessment for the Proposed Technical Specification and Bases
Changes Units 1 & 2
Proposed Technical Specification Changes Units 1 & 2, (Mark-ups)
For Information - Proposed Technical Specification Bases Changes
Units 1 & 2, (Mark-ups)
Activities to be Completed Before AST Implementation
No Significant Hazards Consideration Determination and
Environmental Consideration for the Proposed Changes

Attachment 10 - Non-Proprietary Versions of Supporting Calculations
Attachment 11 - CD of Meteorological Data Used to Determine New X/Qs
Attachment 12 - References

cc: NRC Region I
Mr. B. A. Bickett, NRC Sr. Resident Inspector
Mr. R. V. Guzman, NRC Project Manager
Mr. R. Janati, DEP/BRP
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R. A. Saccone
R. R. Sgarro
T. G. Wales (DBD)
A. J. Wrape
NRA Files
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Attn: J. Nagle

GENPIA cover Itr. only
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NUCSB3 cover Itr. only
GENPL5 cover ltr. only
GENPL5 cover Itr. only
NUCSA4 cover Itr. only
NUCSB3 cover ltr. only
NUCSB3 cover Itr. only
NUCSB3 cover Itr. only
GENPL4 cover Itr. only
GENPL4 cover Itr. only
GENPL4 cover ltr. only
GENPL4
GENPL4
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DESCRIPTION AND SUMMARY OF PROPOSED CHANGES

1.0 INTRODUCTION

PPL Susquehanna, LLC (PPL) hereby proposes to amend the licensing basis of the
Susquehanna Steam Electric Station (SSES) through the full implementation application
of an Alternative Source Term (AST) methodology. The exceptions are that the current
TID-14844 accident source term will remain the licensing basis for equipment
qualification, NUREG-0737 evaluations other than CRHE doses, and FSAR accidents not
included in Regulatory Guide 1.183. The Recirculation Pump Seizure event is not
included in this LAR and will be submitted as a separate document at a later date.
Applicable, proposed Technical Specification (TS) and TS Bases changes, which are
justified by the AST analyses, are included in this application for a license amendment.

This full implementation of AST analyses will modify the SSES licensing bases by
adopting the AST methodology which replaces the current accident source term with an
alternative source term as prescribed in 10 CFR 50.67 and establishes the 10 CFR 50.67
total effective dose equivalent (TEDE) dose limits as a new acceptance criterion. The
ASTis characterized by the composi-tiion and magnitude'of 'ther adioactdive material,the
chemical and physical form of the radionuclides, and the timing of the releases of these
radionuclides. The current TJD-14844 accident source term will remain the licensing
basis for equipment qualification, NUREG-0737 evaluations other than CRHE doses and
radiological consequences for FSAR accidents not included in Regulatory Guide 1. 183.

The use of an AST results in changes in the design basis accident radiological
consequences; however, the AST methodology has no direct impact on the probability or
initiation of the evaluated design basis accidents. Application of AST methodology and
the other changes requested by this application for a license amendment do not increase
the core damage frequency or the large early release frequency. Therefore, this request
for a revision to the SSES licensing basis is not being submitted as a "risk-informed
licensing action" as defined by Regulatory Guide 1.174.

Several domestic boiling water reactors (Duane Arnold, Brunswick Units I and 2, Grand
Gulf, Hope Creek, Clinton, and Perry) have previously provided justification for the use
of AST methodology utilizing a similar approach. These applications of AST
methodology have been approved by NRC.

The current operating license allows SSES to operate at a maximum steady-state power
level of 3489 megawatts thermal (MWt). PPL is currently engaged in an Extended
Power Uprate (EPU) project to increase the maximum licensed thermal power to
3952 MWt. Therefore, the supporting AST analyses consider the core isotopic values at
EPU conditions and this application for license amendment is based on this bounding
core isotopic inventory.

Regulatory Guide 1.183 recommends that changes to the FSAR that reflect the revised
analyses or the actual calculation documentation be submitted to the NRC staff.
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Upon issuance of a license amendment, conforming FSAR changes will be completed as
required by PPL procedures and submitted to the NRC staff in accordance with the
regular FSAR update process as required by 10 CFR 50.71. In lieu of providing the NRC
staff with proposed FSAR changes at this time, the supporting DBA calculations are
being provided in Attachments 10 and 11.

The license amendment would revise the following SSES licensing bases:

* New offsite and Control Room atmospheric dispersion factors (X/Qs) based on site
specific meteorological data collected between 1999 and 2003, the new location of
the CRHE air intake and Regulatory Guides 1.145 and 1.194 revised methodologies.

* Revised CRHE unfiltered inleakage from 10 cfm to 510 cfm.
* New AST analyses performed in accordance with the guidance in Regulatory

Guide 1.183 for the four design basis accidents: loss of coolant accident, the main
steam line break accident, the refueling accident, and the control rod drop accident.

* Revised TS Section 1.1 definition of Dose Equivalent 1-131.
* Revised TS Section 3.1.7 to credit use of the Standby Liquid Control (SLC) System

to buffer suppression pool pH to prevent iodine re-evolution following a postulated
... . . . . . . ..... .. ..... .... .. . -. - ..... ... ... ....... .. . ..... . .............. ........... -... ................ .-.............. ... . . . .............. ... ..1. .. .. ...................... .......... . .......... . .... . ...... .. ...... ... ............ ........... .............. . ....

design basis loss of coolant accident (DBA LOCA).
* Revised TS Section 3.7.3 concerning Control Room Emergency Outside Air Supply

System (CREOASS) to reflect Improved Standard Technical Specifications Change
Traveler (TSTF-448).

* Add TS Section 5.5.13 concerning CREOASS to reflect Improved Standard
Technical Specifications Change Traveler (TSTF-448) concerning Control Room
Habitability Program.

Implementation of the AST is scheduled for the spring 2007. To support this schedule,
PPL requests approval of this proposed License Amendment by December, 2006, with
the amendment conditioned to be effective upon startup from the U2-13RIO in spring
2007. Implementation of AST is required to support the extended power uprate (EPU)
implementation for which the submittal is currently being prepared and is scheduled to be
submitted to NRC in the spring of 2006.

2.0 REGULATORY BACKGROUND

The current SSES licensing basis for design basis accident (DBA) analysis source terXs
is U.S. Atomic Energy Commission Technical Information Document TID-14844,
"Calculation of Distance Factors for Power and Test Reactor Sites," dated March 23,
1962. This is consistent with 10 CFR Part 100, Section 11 (10 CFR 100.11),
"Determination of Exclusion Area, Low Population Zone, and Population Center
Distance," for reactor siting, which contains offsite dose limits in terms of whole body
and thyroid dose and further makes reference to TID-14844.

In December 1999, the Nuclear Regulatory Commission (NRC) issued 10 CFR 50.67,
"Accident Source Term," which provides a mechanism for licensed power reactors to
replace the traditional accident source term used in their DBA analyses with an AST.
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Regulatory guidance for the implementation of these ASTs is provided in Regulatory
Guide (RG) 1.183, "Alternative Radiological Source Terms for Evaluating Design Basis
Accidents at Nuclear Power Reactors." 10 CFR 50.67 requires a licensee seeking to use
an AST to apply for a license amendment and requires that the application contain an
evaluation of the consequences of affected DBAs.

As part of the implementation of the AST, the total effective dose equivalent (TEDE)
acceptance criterion of 10 CFR 50.67(b)(2) replaces the previous whole body and thyroid
dose guidelines of 10 CFR 100.11 and 10 CFR Part 50, Appendix A, General Design
Criterion (GDC) 19, "Control Room," for a loss-of-coolant accident (LOCA), main steam
line break (MSLB) accident, fuel handling accident (FHA), and control rod drop accident
(CRDA). The Recirculation Pump Seizure event is not included in this LAR and will be
submitted as a separate document at a later date.

The accident source term is intended to be representative of a major accident involving
significant core damage and is typically postulated to occur in conjunction with a large
break LOCA. As a result of significant core damage, fission products are available for
release into the containment environment. The proposed AST is an accident source term
that is different from the accidentisource term used in the original design and licensing of
SSES Units 1 and 2. 10 CFR 50.67, as implemented in accordance with RG 1.183,
identifies an AST that is acceptable to the NRC staff for use at operating reactors.

The following regulatory requirements and guidance are also considered within this
proposed license amendment:

* GDC 19, "Control Room," of Appendix A to 10 CFR Part 50, insofar as it
requires that adequate radiation protection be provided to permit access and
occupancy of the Control Room under accident conditions without personnel
receiving radiation exposures in excess of allowable values.

* NUREG-0800, SRP 15.0.1, "Radiological Consequence Analyses Using
Alternative Source Terms, Revision 0," provides guidance for the safety
review of the radiological consequences of DBAs associated with
implementing an AST. SRP 15.0.1 supports the guidance outlined in
RG 1.183.

* NRC Generic letter 2003-01, "Control Room Habitability," requests
addressees to submit information that demonstrates that the Control Room at
each of their respective facilities complies with the current licensing and
design bases and applicable regulatory requirements, and that suitable design,
maintenance and testing control measures are in place for maintaining this
compliance.

* USNRC RG 1.145, "Atmospheric Diffusion Models for Potential Accident
Consequence Assessments at Nuclear Power Plants," provides an acceptable
methodology for determining site-specific relative concentrations for a range
of postulated accidental releases of radioactive material to the atmosphere.
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USNRC RG 1.194, "Atmospheric Relative Concentrations for Control Room
Radiological Habitability Assessments at Nuclear Power Plants," provides
guidance on determining atmospheric relative concentration (X/Q) values in
support of design basis Control Room radiological habitability assessments at
nuclear power plants. This document describes methods acceptable to the
NRC staff for determining X /Q values that will be used in Control Room
radiological habitability assessments performed in support of applications for
licenses and license amendment requests. Many of the regulatory positions
presented in this guide represent substantial changes from procedures
previously used to determine atmospheric relative concentrations for assessing
the potential Control Room radiological consequences for a range of
postulated accidental releases of radioactive material to the atmosphere.
These revised procedures are largely based on the NRC sponsored computer
code, ARCON96.

* TSTF-448, Revision 2, BWOG-1 11, RO, "Technical Specification Task
Force - Improved Standard Technical Specifications Change Traveler,"
developed proposed changes to Technical Specifications to replace the
differential pressure surveillance with a tracer gas surveillance and to institute
a Control Room Habitability Program that will ensure that Control Room
habitability is maintained.

On August 15, 1995, the NRC staff issued amendment 121 to Facility Operating License
No. NPF-22 and amendment 151 for Facility Operating License No. NPF-14, to increase
the allowable main steam isolation valve (MSIV) leakage rate and to delete the MSLV
Leakage Control Systems. These amendments permitted SSES Units 1 and 2 to take
credit for the Isolated Condenser Treatment Method (ICTM) for reducing the radiological
consequences of MSIV leakage for a DBA LOCA. The ICTM uses the main steam drain
lines to direct any MSIV leakage to the main condenser, as an alternative method for
MSIV leakage treatment and the removal of the MSIV leakage control system
(MSIVLCS). This drain path takes advantage of the large volume of the main steam lines
(MSLs) and condenser to provide holdup and plate-out of fission products that may leak
through the closed MSIVs. PPL performed evaluations and seismic verification walk
downs to demonstrate that the main steam system piping and components which
comprise the ICTM system were seismically rugged and are able to perform the safety
function of an MSIV leakage treatment system. The seismic ruggedness evaluation was
performed to demonstrate the seismic adequacy of the Turbine Building which houses the
ICTM system.

The structural integrity of the Turbine Building is an important consideration to the
adequacy of the alternate MSIV leakage path because a non-seismically designed Turbine
Building should be capable of withstanding the earthquake without degrading the
capability of the ICTM system.
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These amendments reference the General Electric Company (GE) Report,
NEDC-31858P-A, "Boiling Water Reactor Owners Group (BWROG) Report for
Increasing MSIV Leakage Rate Limits and Elimination of Leakage Control Systems,"
Revision 2, as a basis for the acceptability of crediting the MSL piping and condenser.

3.0 SAFETY ASSESSMENT

PPL has performed a full implementation of the AST as defined in RG 1.183 with the
exception that the current TLD-14844 accident source term will remain the licensing basis
for equipment qualification, NUREG-0737 evaluations other than CRHE doses and
radiological consequences for FSAR accidents not included in Regulatory Guide 1.183.
A detailed description of the AST analyses, including a safety assessment, is provided in
Attachment 2. Copies of AST accident dose calculations and all calculations required to
support the licensing bases changes for AST are included in Attachment 10.

The detailed Safety Assessment Report associated with AST analyses is provided in
Attachment 2. This report is supplemented with RG 1.183 and 1.194 Compliance Tables

- presented in Attachments 3 and 4. .......

The basis/safety assessment associated with the proposed changes to the SSES Technical
Specifications and Bases is included in Table 5-1 of Attachment 5 and supported by the
Safety Assessment in Attachment 2 and the calculations in Attachment 10.

A list of Regulatory Commitments is included in Attachment 8.

A No Significant Hazards Consideration Determination and Environmental Report for the
proposed changes are included in Attachment 9.

4.0 CONCLUSION

In conclusion, based on the considerations discussed above and detailed in the remainder
of this submittal, (1) there is reasonable assurance that the health and safety of the public
will not be endangered by operation in the proposed manner; (2) such activities will be
conducted in compliance with the Commission's regulations; and (3) the issuance of the
requested license amendment will not be inimical to the common defense and security or
to the health and safety of the public.

A comparison of the calculated AST doses and the RG 1.183 dose limits for the Control
Room operator, the exclusion area boundary and the low population zone for the DBA
LOCA, MSLB, CRDA, and the FHA/EHA are provided in the table below. Note that the
calculated AST doses provide a conservative estimate of the dose consequences for the
postulated event. The conservative models and methodologies that were used to calculate
the dose consequences are presented in Attachment 2.
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Summary of Design Basis Accident Radiological Consequences for AST -
Calculated Dose Versus RG 1.183 Dose Criteria

Calculated Dose RG 1.183 Dose
. (Rem TEDE) Criteria (Rem TEDE)

LOCA CR Operator Dose 4.78 5
EAB Dose 7.81 25
LPZ Dose 3.80 25

MSLB Case 1: Maximum Reactor Coolant Equilibrium Activity
Concentration for Full Power Operation '0.2 pCi/gm DE I-131)

CR Operator Dose 0.04 5.0
EAB Dose 0.010 2.5
LPZ Dose 0.006 2.5

Case 2: Maximum Reactor Coolant Activity Concentration for
Pre-Accident Iodine Spike (4.0 pCi/gm DE I-13 1)

,:. CR Operator Dose 0Q.77 . 5...

- EAB Dose 2.0 25
LPZ Dose 0.12 25

CRDA Case 1: Full Power Oper tion
CR Operator Dose 0.49 5.0

_ EAB Dose 1 0.19 6.3
LPZ Dose 0.05 6.3

Case 2: Mechanical Vacuum Pump Operating
CR Operator Dose 1.80 5.0

EAB Dose 2.30 6.3
LPZ Dose 0.18 6.3

FHA/EHA CR Operator Dose 0.13 5.0
EAB Dose 1.74 6.3
LPZ Dose 0.10 6.3
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Acronyms and Abbreviations

,uCi/gm
xIQ
ARM
AST
BWR
BWROG
CAM
cfm
CRD
CRDA
CRHE
CREOASS
CsI
DBA
DE
DF
DW ~
EAB
ECCS
EDE
EHA
EOF
EPU
ESF
FHA
FSAR
ft
GDC
GE
gpm
GWd
HEPA
hrs
in
ibm
LAR
LOCA
LPZ
m/s
MSIV
MSL
MSLB
MSIVLCS
MWD/MTU
MWt

micro-curies per gram
atmospheric dispersion factor in sec/M3

area radiation monitor
alternative source term
boiling water reactor
Boiling Water Reactor Owners Group
continuous air monitor
cubic feet per minute
control rod drive
control rod drop accident
Control Room habitability envelope
Control Room emergency outside air supply system
cesium iodine
design basis accident
dose equivalent
decontamination factor
drywell
exclusion area boundary
emergency core cooling system
effective dose equivalent
equipment handling accident
emergency operations facility
extended power uprate
engineered safeguard features
fuel handling accident
Final Safety Analysis Report
feet
general design criterion
General Electric
gallons per minute
gigawatt days
high efficiency particulate air
hours
inch
pounds-mass
license amendment request
loss of coolant accident
low population zone
meters per second
main steam isolation valve
main steam line
main steam line break
main steam isolation valve leakage control system
megawatt days/metric tons uranium
megawatt thermal
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Acronyms and Abbreviations - continued

NRC Nuclear Regulatory Commission
OSC operations support center
pH hydrogen ion concentration
PPL PPL, Susquehanna, LLC
psid pounds per square inch differential
psig pounds per square inch gauge
RAI requests for additional information
RB Reactor Building also referred to as secondary containment
Rem roentgen equivalent man
RG USNRC regulatory guide
sccm standard cubic centimeters per minute
scfh standard cubic feet per hour
scfm standard cubic feet per minute
SDV scram discharge volume
secs seconds
SER safety evaluation report
SGTS :.standby gas treatment system
SLC standby liquid control
SR surveillance requirement
SRP standard review plan
SSE safe shutdown earthquake
SSES Susquehanna Steam and Electric Station
TEDE total effective dose equivalent
TS technical specification
TSC technical support center
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1.0 DESCRIPTION

In accordance with 10 CFR 50.67, "Accident Source Term," a licensee may voluntarily
revise the accident source term used in design basis radiological consequence analyses.
Paragraph 50.67(b) requires that applications under this section contain an evaluation of
the consequences of applicable design basis accidents (DBAs) previously analyzed in the
plant Final Safety Analysis Report (FSAR). Regulatory Guide (RG) 1.183, "Alternative
Radiological Source Terms for Evaluating Design Basis Accidents at Nuclear Power
Reactors" (Reference 2), provides guidance to licensees on performing evaluations, and
reanalyses as required to adopt an alternative source term (AST).

SSES has performed radiological consequence analyses of the four applicable boiling
water reactor (BWR) DBAs identified in RG 1.183. These DBAs are a Loss of Coolant
Accident (LOCA), a Fuel Handling Accident (FHA), a Control Rod Drop Accident
(CRDA) and a Main Steam Line Break (MSLB). These analyses were performed using
the guidance of RG 1.183 and Standard Review Plan (SRP) Section 15.0.1, "Radiological
Consequence Analyses Using Alternative Source Terms" (Reference 3). The analyses
were prepared, reviewed, and approved in accordance with the PPL 10 CFR 50,~~~~~~~~~~~~~~~~~~~... .. ....... - P ............ .......... 'I ........... ,...... ..I ....... ............ ........... , .... _.,.................................. ..........................................
Appendi]CB Qalty Assurance Program. comparison with the guidance contained in
RG 1.183 and RG 1.194 is summarized in Attachments 3 and 4 respectively of this
license amendment request (LAR).

The supporting analyses consisted of the following steps:

* Determination of the AST based on plant-specific analysis of the fission
product inventory.

* Application of the release fractions for the four BWR DBAs.
* Application of the deposition and removal mechanisms.
* Evaluation of suppression pool pH to ensure that the particulate iodine

deposited into the suppression pool during a DBA LOCA does not re-evolve
and become airborne as elemental iodine.

* Evaluation of activity transport pathways to the environment.
* Analysis of the atmospheric dispersion for the radiological propagation

pathways.
* Calculation of the offsite and Control Room personnel Total Effective Dose

Equivalent (TEDE).
* Evaluation of other related design and licensing bases pertaining to

NUREG-0737 (Reference 5) requirements and operation of the SLC System.

The radiological dose analyses have been performed assuming reactor operation at
4032 MWt (102% of the EPU rated power level of 3952 MWt, conservatively rounded
high). This results in a conservative estimate of fission product releases for operation at
current licensed power of 3489 MWt.

In addition to revising the SSES licensing basis to adopt the AST, licensing basis changes
are proposed and justified to respond to NRC Generic Letter 2003-01, "Control Room
Habitability", dated June 12, 2003.
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The proposed TS (Section 5.5.13), "Control Room Habitability Program", is provided in
Attachment 6 of this LAR.

2.0 PROPOSED CHANGES

The licensing and design basis changes included in this LAR are described below. The
proposed Technical Specification (TS) and Bases changes are described in Attachment 5
and a mark-up of the affected TS and Bases pages is provided in Attachments 6 and 7
respectively.

3.0 BACKGROUND

On December 23, 1999, the NRC published 10 CFR 50.67, "Accident Source Term," in
the Federal Register. This regulation provides a mechanism for licensed power reactors
to replace the current accident source term used in design basis accident (DBA) analyses
with an alternative source term. The direction provided in 10 CFR 50.67 is that licensees

.......... ----- ....... whoJ seek- o revise-theirrrent accident source term in-design basis radiological-
consequence analyses must apply for a license amendment under 10 CFR 50.90.

Regulatory Guide (RG) 1.183 and Standard Review Plan Section 15.0.1 were used by
PPL in preparing the AST analyses. These documents were prepared by the NRC staff to
address the use of ASTs at current operating power reactors. The RG establishes the
parameters of an acceptable AST and identifies the significant attributes of an AST
acceptable to the NRC staff. In this regard, the RG provides guidance to licensees for
operating power reactors on acceptable applications for an AST; the scope, nature, and
documentation of associated analyses and evaluations; consideration of impacts on risk;
and acceptable radiological analysis assumptions. The SRP provides guidance to the
staff on the review of AST submittals.

Acceptance criteria consistent with that required by 10 CFR 50.67 were used to replace
PPL's SSES current design basis source term acceptance criteria. The AST analyses
were performed for the four BWR DBAs identified in RG 1.183 that could potentially
result in Control Room and offsite doses. These include the loss of coolant accident, the
main steam line break accident, the refueling accident, and the control rod drop accident.

In addition, this LAR provides the bases for resolving the non-conformance issue with
the current design and licensing basis for the CREOASS. TS 3.7.3 (Control Room
Emergency Outside Air Supply System) was revised and TS 5.513 n4as added in
response to TSTF-448, Revision 2, BWOG-1 11, RO, 'Technical Specification Task
Force - Improved Standard Technical Specifications Change Traveler" (Reference 36).
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4.0 TECHNICAL ANALYSIS

4.1 Atmospheric Dispersion Factors - Offsite and CRHE

Table 4.1-1 provides a comparison of the design inputs utilized to determine the existing
licensing basis x/Qs and the proposed AST x/Qs, which were determined per the guidance
of RG 1.183, Section 5.3 (Meteorological Assumptions).

| Table 4.1-1: Design Input Comparison - Current Licensing Basis vs. AST Design - y/Q
Parameter CLB Parameter AST Parameter

CRHE Supply Air Intake Centered on S wall of CRHE SE corer Unit 2 RB roof,
Location complex, between column lines col nes Und 36,

L & M and 32.3, el. 797' el. -874'

Meteorological Data - Data RG 1.23 NRC RG 1.23
Collection Requirements NRC____1_23_ ___ ____1_23

Meteorological Data -
Collection Time Period 1973 - 1976 1999-2003
Atmospheric Dispersion Model G 1.3, U.S. NRC BTP
Guidance - Offsite (Hydrometeorological Branch), RG 1.145

"Diffusion Conditions for Design
Basis Accident Evaluations," 1/77 _

Atmospheric Dispersion Model ology RG 1.194 & NUREG/CR-6331
Guidance - CRHBE Iaisy ehdooy(ARCON96)

4.1.1 Atmospheric Dispersion Factors - Offsite

A detailed discussion of the design input parameters, assumptions, methodology,
analysis, and results supporting the new offsite xIQs are provided in Attachment 10 as
calculation EC-ENVR-1057, "Offsite X/Q Values for SSES Based on 1999 - 2003
Meteorological Data." The X/Q estimates are based on the methods described in
Regulatory Guide 1.145 (Reference 6). All estimates use vertical temperature difference
to determine stability classification, based on the joint frequency distribution of
temperature difference categories used to summarize 5 years of SSES data into Pasquill
groups for use in computing ay and az in the diffusion equations. Results are based on
evaluation of meteorological data files consisting of five years of hourly data, covering
the years from 1999 to 2003.

These five years of data were selected based on the quality of the data, the quantity (i.e.,
recovery rate) of the data, and the representation of long term meteorological conditions
and seasonal trends and meet the requirement of NRC Safety Guide 23, "Onsite
Meteorological Programs" (Reference 9). The data set is consistent with RG 1.194
(Reference 10) that states that five years of hourly observations are considered
representative of long term trends at most sites and that one year including all four
seasons is the acceptable minimum. The five year data set used by SSES includes all
four seasons for the five consecutive years.
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Calculations of the offsite x/Qs were made using the ABS Consulting, Inc. WINDOW
computer program and were validated with the NRC's PAVAN computer code
(Reference 37). This analysis is given in calculation EC-ENVR-1057, "Offsite X/Q
Values for the SSES Based on 1999 - 2003 Meteorological Data" and is provided in
Attachment 10. Attachment 11 of this LAR contains a CD with the updated
meteorological data used to calculate the new offsite atmospheric diffusion coefficients.
The following table provides a comparison between CLB and the new offsite atmospheric
diffusion coefficients used for the AST:

Table 4.1-2: Current Licensing Basis vs. AST Design - Cffsite x/Qs (sec/rm)
Parameter CLB Parameter AST Parameter

EAB: EAB:
9.60E-04, 0-2 hr 8.30E-04, 0-2 hr

X]Qs (sec/n 3) LPZ: LPZ:
2.18E-05, 0-8 hr 4.90E-05, 0-8 hr
2.82.. . ., .-24 .hr350E-05 8-24 hr..
1.43E-06, 14 day 1.70E-05, 14 day
1.08E-06, 4-30 day 6.1OE-06, 4-30 day

4.1.2 Atmospheric Dispersion Factors - CRHE

A detailed discussion of the design input parameters, assumptions, methodology,
analysis, and results supporting the new CRHE X/Qs are provided in Attachment 10 as
Calculations EC-ENVR-1058, "CRHE Accident Dispersion Factors (X/Q)" and
EC-ENVR-1059, "CRHE Accident Dispersion Factors (X/Q) RB U2 Intake."

The atmospheric dispersion factors (x/Q) were calculated using plant specific
meteorological data and the ARCON96 (Reference 8) computer code per RG 1. 194. The
meteorological data files used for the CRHE includes a record of each hourly data
containing a location identifier, Julian day (1-366), hour (0 to 23), low-level direction,
low-level speed, stability class (1=A to 7=G), upper level direction, and upper level
speed. Wind speeds are entered in tenths of a reporting unit with no decimal. Wind
directions are from 1 to 360 in degrees. The five yearly files were combined into one file
for ease of code execution. This file contains all the data for the SSES site from
1999-2003, which satisfies the ARCON96 requirements for having 3 to 5 years of hourly
data. The meteorological tower used for collecting the data is located on the plant site.
Instrumentation is provided at the 10 and 60 meter level. Attachment 11 of this LAR
contains a CD with the updated meteorological data used to calculate the new CRHE
atmospheric diffusion coefficients.
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4.1.2.1 Infiltration

Section 3.3.3, "Infiltration Pathways", of RG 1.194 states that a X/Q should be determined
for any infiltration pathway that could result in a significant intake of radioactive
contaminated air into the Control Room Habitability Envelope (CRHE). The infiltration
pathways actually applicable to a particular facility will be identified via inleakage testing
or CRHE inspections and surveillances.

The current licensing basis for the infiltration rate is 10 scfm, attributed to leakage
through improperly sealed doors or by personnel ingress and egress, per NUREG-0800,
USNRC Standard Review Plan, Section 6.4, "Control Room Habitability Systems,"
Reference 7.

In December of 2004, tracer gas inleakage tests were performed on the CRHE by Lagus
Applied Technology, Inc. and NCS Corporation. Air inleakage rate into the CRHE and
the corresponding fresh air makeup flow rate were measured with the Control Room
Emergency Outside Air Supply System (CREOASS) operating in two filtered emergency
pressurization modes (A and B train). Measured air inleakage rates are summarized
be-- low. ._

Item Value

A Train Inleakage 150 +/- 235 scfm

B Train Inleakage 129 +/- 298 scfm

As stated in the report provided by Lagus Applied Technology, Inc. and NCS
Corporation, statistically, the inleakage value for both tests is zero, since the values lie
within the 95% uncertainty limits. The 95% upper confidence limit values were
conservatively assumed for CRHE inleakage rate.

The infiltration rate for the four DBAs analyzed in Sections 4.4 through 4.7 is
conservatively assumed to be 500 scfm at the Control Room intake (PLA-5916,
Reference 39), plus an additional 10 scfm in accordance with USNRC Standard Review
Plan, Section 6.4.

Since the tracer gas inleakage tests statistically yielded a CRHE infiltration rate of zero, it
was determined that the most likely entry point of inleakage is at the CRHE intake.
Consequently, the inleakage and intake x/Qs are the same.
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4.1.2.2 Calculations

The ARCON96 computer code (Reference 8) was used to calculate the Control Room
x/Qs. The release points to the environment evaluated for possible modeling with the
ARCON96 computer code are as follows:

1. Reactor Building Unit 1 exhaust vent.

2. Reactor Building Unit 2 exhaust vent.

3. Turbine Building Unit 1 exhaust vent.

4. Turbine Building Unit 2 exhaust vent.

5. Standby Gas Treatment System exhaust vent.

6. Reactor Building Unit 1 closest distance.

7. Reactor Building Unit 2 closest distances.

8. Turbine Building Unit 1 closest distance.

' . Turbine, Building Unit 2'closest distances......

10. Reactor Building Unit 1 main steam tunnel blowout panel.

11. Reactor Building Unit 2 main steam tunnel blowout panel.

12. Turbine Building Unit 1 main steam tunnel blowout panel.

13. Turbine Building Unit 2 main steam tunnel blowout panel.

Based on the layout of the SSES plant structures, exhaust vents and components and the
locations of the release points relative to the location of the Control Room Habitability
Envelope intake and the potential to be a source of post LOCA activity release, release
points 3, 4, 5, 11 and 13 were determined to be limiting with respect to atmospheric
relative concentrations for DBA Control Room dose analysis. See Figures 1 and 2 for the
relative locations of the 13 release points and the CRHE outside air intake. The specific
locations at which x/Qs were determined with ARCON96 in Attachment 10 are:

3. Turbine Building Unit 1 exhaust vent.
4. Turbine Building Unit 2 exhaust vent.
5. Standby Gas Treatment System exhaust vent.
11. Reactor Building Unit 2 main steam tunnel blowout panel.
13. Turbine Building Unit 2 main steam tunnel blowout panel.

The CRHE X/Q's for release points 3, 4 and 5 are provided in Table 4.1-3.
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The ARCON96 results for release points 11 and 13 were not used in any accident
analyses and are given in Attachment 10 but are not provided in Table 4.1-3. The main
steam tunnel blowout panels are only pertinent release points for postulated main steam
line breaks. The X/Q used for evaluating the CRHE for these breaks is based on "puff'
methodology as described in Section 4.4.4.

Table 4.1-3: AST Design - x/I (sec / ma) m 1
Release Point CRHE XLQ's (sec/r 3) without Occupancy Correction Factors
Time Period 0 to 2 hours l 2 to8hours 8to 24 hours I I to 4 day 4 to 30 days

RB Unit 2 CRHE Outside Air Intake Location
TB Unit 1 Exhaust Vent 1.24E-03 9.55E-04 3.14E-04 | l.99E-04 1.73E-04
TB Unit 2 Exhaust Vent (2) 1.36E-03 1.03E-03 3.36E-04 | 2.20E-04 1.85E-04
SGTS Exhaust Vent 1.45E-03 1.12E-03 3.55E-04 1 2.29E-04 2.01E-04

Outside CRHE (for unprotected CR operator dose determination)
TB Unit I Exhaust Vent 5.09E-03 4.15E-03 1.20E-03 1.16E-03 1.01E-03
TB Unit 2 Exhaust Vent 6.OOE-03 4.93E-03 1.44E-03 1.38E-03 1.21E-03
SGTS Exhausent . 5.15"3 -4.2EA .23E-03 ---- 1.'mE-03 s I.04E-03

Note 1: For the LOCA, the primary containment and ESF leakages to the secondary
containment are released to the environment via the SGTS vent. The primary
containment bypass and MSIV leakages are released to the environment via the
Turbine Building exhaust vent.

Note 2: For the CRDA, the release to the environment is via the TB Unit 2 vent.
Note 3: For the FHA, the release to the environment is via the SGTS exhaust vent.

The CLB CRBE post LOCA X/Q's were determined using the Halitsky methodology
and are independent of the release point. For the CLB only the LOCA was evaluated for
Control Room habitability. The values used are:

CLB CRHE X/Os:
3.32E-04 sec/M3 , 0-8 hr
1.96E-04 sec/r 3 , 8-24 hr
1.27E-04 sec/M3 , 1-4 day
5.48E-05 sec/m3 , 4-30 day

4.1.2.3 Miscellaneous

Attachment 4 provides a matrix which compares the RG 1.194 regulatory position with
the methodologies utilized to calculate the new CRHE X/Qs.

The X/Qs calculated at the CRHE air intake are based on a new location, located on the
southeast corner of the Unit 2 Reactor Building roof (at column lines U and 36). The
desire to utilize the NRC recommended ARCON96 code necessitated the change in the
air intake location. Application of the ARCON96 code at the present CRHE air intake
location results in unacceptable x/Qs. The new CRHE location minimized CRHE doses
by taking into account the locations and distances from the CRHE air intake to identified
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release pathways for postulated accident conditions. The new CRHE air intake will be
operable prior to AST implementation.

4.2 Accident Source Terms

The SAS2H/ORIGIN-S code system (References 11 and 12) was used to generate the
source terms for the ATRIUM-10 fuel used in the SSES core. The SAS2H/ORIGIN-S
code comprises an advanced version of ORIGIN, and is consistent with the source term
code recommendations given by the USNRC RG 1.183 for generation of alternate source
terms.

The models assume a core thermal power of 4032 MWt (102% of 3952 MWt), which
corresponds to an average fuel assembly power of 5.28 MWt. The fission product source
terms calculated are slightly conservative (-2%) because the uranium mass assumed is
higher than the actual ATRIUM-10 assembly mass. Enrichment sensitivities were
evaluated to bound the range of expected U-235 enrichments in the reload fuel.,

Core source terms (full core activity inventories) were generated utilizing a core average
......... .. .... ..... . ..... ...... .. .. . . .. .. . ...... ..... I . - ..., ..... .. .I........... ... .. . ...... ........ .... - . . . . . .

''bumupof39 GWdIMTU. See Attachment 10, Calculation EC-FUEL-1615, "AREVA
Alternate Source Term (AST) Fission Product Inventory for Atrium-10 Fuel,"
Appendix B, Tables 4 and 5.

For the DBA LOCA, all fuel assemblies in the core are assumed to be affected and the
core average inventory was used. For DBA events that did not involve the entire core,
the fission product inventory of each of the damaged fuel rods was determined by
dividing the total core inventory by the number of fuel rods in the core. To account for
differences in power level across the core, radial peaking factors were applied in
determining the inventory of the damaged rods.

No adjustment to the fission product inventory was made for events postulated to occur
during power operations at less than full rated power or those postulated to occur at the
beginning of core life. For the fuel handling accident postulated to occur while the
facility is shutdown, a radioactive decay from the time of shutdown was modeled.

Per RG 1.183, the release fractions associated with the BWR core inventory released into
containment for the DBA LOCA and non-LOCA events have been determined to be
acceptable for use with currently approved LWR fuel with a peak burnup of 62,000
MWD/MTU provided that the maximum linear heat generation rate does not exceed
6.3 kw/ft peak rod average power for burnups exceeding 54 GWd/MTU. Per Siemens
Power Corporation EMF-85-74(P)(A), "RODEX2A (BWR) Fuel Rod Thermal-
Mechanical Evaluation Model", February 1988, including Supplement, 1(P)(A) and
Supplement 2(P)(A) (Reference 13), the NRC approved licensing limit for ATRIUM-1O
fuel is 62,000 MWD/MTU for extended burnup design - peak fuel rod exposure and
54,000 MWD/MTU for extended burnup design - peak bundle exposure.
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4.3 Loss of Coolant Accident

A detailed discussion of the design input parameters, assumptions, methodology,
analysis, and results supporting the LOCA are provided in Attachment 10 as Calculations
EC-RADN-1 125, "CRHE and Offsite Post LOCA Doses - AST" and EC-RADN-1 129,
"DBA LOCA Total Control Room Dose." Attachment 3 provides a matrix which
compares the RG 1.183 regulatory position with the parameters and methodologies
utilized to calculate the LOCA CRHE and offsite doses.

Table 4.3-1 provides a comparison of the design inputs utilized to determine the existing
licensing basis LOCA and the proposed AST LOCA doses.

Table 4.3-1: Design Input Comparison - Current Licensing Basis vs. AST Design - LOCA

Parameter CLB Parameter AST Parameter
Core Thermal Power Level 3616 MWt 4032 MWt
Activity Inventory in Core 18 isotopes (I, Kr and Xe) 60 dose significant isotopes used
C a t .. - ---------- ..in- RADT R.A.D
Radioisotope Decay Properties TACT 5 RADTRAD Table 1.4.3.2-3
Activity Release to Per R.G. 1.3 Per R.G. 1.183 Table 1
Containment (Gap & Early In-Vessel Phases

Only)
Release Timing Instantaneous Per R.G. 1.183 Table 4
Radioiodine Chemical Species 91% Elemental 95% Aerosol (CsI)

5% Particulate 4.85% Elemental
4% Organic 0.15% Organic

Primary Containment Volume Drywell free volume = 239,600 ftJ Drywell free volume = 239,600 ft
Wetwell free volume = 148,590 ft3  Wetwell free volume = 148,590 ft3

Total free volume = 388,190 ft3  Total free volume = 388,190 ft3

Note: For the MSIV and bypass
leakage pathways, activity released
from the core is conservatively
assumed to be mixed in the
drywell free air volume only for
the first 2 hours post accident.
After 2 hours, credit is taken for
mixing in the drywell plus wetwell
free air volumes.

Primary Containment Cleanup None Aerosol removal via Natural
(Natural Deposition) Deposition

(10tpercentile Powers Model)
Primary Containment Cleanup No credit taken No credit taken
(Drywell Sprays)
Primary Containment Design 1%/day for duration. 1%/day for first 24 hours;
Leak Rate 0.5o/day thereafter.
Containment Bypass Leak Rate 9 scfh 9 scfh 0- 24 hours

4.5 scfh thereafter
Dose Conversion Factors ICRP 30 RADTRAD Table 1.4.3.3-2
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Table 4.3-1: Design Input Comparison - Current Licensing Basis vs. AST Design - LOCA

Parameter CLB Parameter AST Parameter
Suppression Pool Scrubbing DF = 7.96 (> 180 seconds) for Not Credited

elemental and particulate iodines
only

Secondary Containment (RB) Zone I 1,488,600 ft Zone I 1,488,600 ft
Free Air Volume Zone II 1,598,600 ft3  Zone II 1,598,600 ft3

Zone m 2,668,000 ft3  Zone III 2,668,000 ft3
Total Volume = 5,755,200 ft3  Volume used = 4,156,600 ft3

(Zone I & III)
Secondary Containment 50% mixing 50% mixing
Volume Mixing Fraction
Post-LOCA RB Drawdown 3 minutes (used in analysis) 10 minutes (used in analysis)
Time
RB Leakage Till End of 100 %/bday or 4000 cfm for three 100 %/day or 2,885 cfm for Zone I
Drawdown Zone mixing & III mixing
RB Leakage After Drawdown 0 cfm 0 cfm
SGTS Flow Rate 0 cfm, (0-30s) 11,110 cfm for the first 10 minutes

.......... ... 10,5 00cfm, draw down (30s- and 2,885 cfn-ithereafter-
3min)
4,000 cfm (> 3min)

SGTS Filter Bed Depth 8 in. charcoal 8 in. charcoal
SGTS Filter Bed Efficiency 99% for all iodine species 99% for all iodine species
MSIV Leak Rate 300 scfh (4 lines) 300 scfh (4 lines) modeled as:

100 scfh in one assumed faulted
line
66.67 scfh each in the remaining
lines

MSL and Drain Line Plateout Isolated Condenser Treatment RG 1.183, Appendix A & AEB-
Method (ICTM) Per GE Report 98-03, Appendix A (Reference 17)
NEDC-31858P-A (Reference 4) & J.E. Cline Letter Report

(Reference 18)
Effective Condenser Volume 98,601 ft 98,601 ft3
for Each Pathway
Effective Removal Efficiency 99.6%, effective on aerosols and 99.6%, effective on aerosols and
in Condenser for Drain Line elemental iodine elemental iodine
Pathway No organic iodine removal. No organic iodine removal.
Modeled MSIV Leakage - Drywell Pressure = 48 psia Drywell Peak Accident Values
MSL Inlet, Initial Pressure and Time dependent temperature based MSL Pressure = 50 psia
Temperature. on post LOCA heat transfer MSL Temperature = 550 0F

analysis of piping cool down (conservative temperature assumed
for duration)

MSIV Leakage Pressure and Pressure = 1 atmosphere Pressure = 1 atmosphere,
Temperature into Condenser Temperature = 100 IF Temperature = 100 0F

(conservative temperature assumed
for duration)

MSIV Source Release Timing Instantaneous Instantaneous
Minimum Suppression Pool Total: 132,000 ft3  Total: 132,000 ft3

Volume
Post LOCA _
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Table 43-1: Design Input Comparison - Current Licensing Basis vs. AST Design - LOCA

Parameter CLB Parameter AST Parameter
ESF System Leakage Source Iodine only Iodine only
Term to Environment
ESF Leakage into RB
ESF 5 gpm 5 gpm
CRD 15 gpm 15 gpm
ESF Leakage Outside of the RB None None
ESF Leakage post-LOCA Time Begins at 0 sec - ends at 30 days Begins at 0 sec - ends at 30 days
SSES post-LOCA Suppression < 212 F < 212 IF
Pool Maximum Temperature
ESF Flash Fraction 10% 10%
SP Iodine Species 91% elemental, 5% particulate, & 97% elemental, 3% organic

4% organic
Iodine Re-evolution None assumed None assumed since pH >7
RB Sump Iodine Species 91% elemental, 5% particulate, & 97% elemental, 3% organic

4% organic
Control Structure Habitability 518,000 ft 518,000 ft3
Envelop Total-Volume ___________

Control Room Free Air Volume 110,000 ft3  1 10,000 ft3
Geometry Correction Factor GF = 1173Nu. 338  GF = 1173/V 338

V = CR volume = 110,000 ft3  V = CR volume = 110,000 ft3

CR Isolation Time 0 0
Emergency Intake Air Flow, 5810 cfm 5229 to 6391 cfm
Total into Control Structure
Unfiltered Air Inleakage 10 cfm 10 cfm
Ingress/Egress
Other Unfiltered Air Inleakage 0 cfm 500 cfm
Emergency Filter Bed Depth 4 in. charcoal 4 in. charcoal
Emergency Filter Bed Removal 99% 99%
Efficiency
CRHE Operator Breathing 3.5E-04 mr/sec (0-30 days) 3.5E-04 m3/sec (0 - 30 days)
Rates

3.5E-04 m3/sec (0 - 8 hours) 3.5E-04 m3/sec (0 - 8 hours)
Offsite Breathing Rates 1.8E-04 m3/sec (8 - 24 hours) 1.8E-04 m3/sec (8 - 24 hours)

2.3E-04 m3/sec (1- 30 days) 2.3E-04 m3lsec (I -30 days)
CRHE Operator Occupancy 1.0 0-24 hrs 1.0 0-24 hrs
Factors 0.6 14 days 0.6 14 days

0.4 4-30 days 0.4 4-30 days
Dose Calculation Program TACT 5 _RADTRAD
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4.3.1 Introduction and Background

SSES is a BWRI4 with a Mark It containment. The planned extended uprated power i s
3952 MWt. This value is increased by 2% to 4032 MWt. The core inventory used to
develop the source term for the LOCA analysis is based on an SAS2HUORIGIN-S code
run. The SSES Mark II primary containment consists of two compartments. The two
compartments are connected by a vent system that allows steam released from the reactor
vessel (located in the drywell) to flow into the suppression pool. The primary
containment leakage is limited by TS to 1.0% by weight of containment air per day at the
calculated peak accident pressure. Because of post-accident containment
depressurization, this leakage rate will decrease with time. A factor of two reduction in
the leak rate after 24 hours is assumed in this analysis.

The post LOCA doses include contributions from the following activity release
pathways:

1. Primary containment leakage to the secondary containment.
2. Primary containment bypass leakage directly to the environment.

... . . ..... .......... ............ -J .. ......... .....I.. _. .............. ..............I .. . . . . 11 .................... ........ - - . .................... .......... ............... . .................... . . . . . .I. ....... . . . . . . . . . . . . . .

3. ESF leakage to the secondary containment.
4. MSIV leakage to the environment via the condenser.

The following DBA LOCA dose contributors to the CRHE are included in this analysis:

1. Contamination of the Control Room atmosphere by the intake or the
infiltration of the radioactive material contained in the radioactive plume
released from the facility.

2. Radiation shine from the external radioactive plume released from the facility.
3. Contamination of the Control Room atmosphere by the intake or the

infiltration of the radioactive material from areas and structures adjacent to the
Control Room envelope.

4. Radioactive shine from radioactive materials in building adjacent to the
control structure: including containment, Reactor Building, and Turbine
Building.

5. Radioactive shine from radioactive materials in systems and components
inside or external to the Control Room envelope, e.g., piping, components,
and radioactive material buildup on HVAC filters.

Maintaining the suppression pool pH above 7.0 serves to improve its iodine retention
capability and reduces the amount of radioactive iodine available for release in the design
basis LOCA. Buffering of the suppression pool by the SLC system is credited to
maintain the pH of the suppression pool above 7.0. The suppression pool pH calculation
is provided in Attachment 10 as EC-059-1041, "Suppression Pool pH post LOCA." The
initiation of the SLC system is a manual action. The SLC system is discussed in
Section 4.7.1 of this Attachment and a supporting calculation EC-053-1012, "Assessment
of SLC System for Suppression Pool pH Control" is included in Attachment 10.
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The radiological dose to the Control Room operators during the postulated design basis
LOCA is mitigated by the integrity of the Control Room habitability envelope (CRHE),
operation of the Control Room emergency outside air supply system (CREOASS), and
administrative controls. The doses calculated in this AST evaluation are based on the
limiting combinations of unfiltered inleakage rates and filtered intake flows coupled with
conservatively selected x/Qs.

The NRC approved computer code RADTRAD, endorsed by RG 1.183, is used to
calculate the dose to the Control Room operator as well as the doses at the EAB and LPZ.

4.3.2 Source Term

The source term used for the design basis LOCA analysis is defined by the quantity, type,
and timing of the release of radioactivity from a damaged reactor core to the containment.
The core inventory is provided in Attachment 10, Calculation EC-FUEL-1615, "AREVA
Alternate Source Term (AST) Fission Product Inventory for ARTIUM - 10 Fuel",
Appendix B, Table 4. The assumed core power of 4032 MWt is the proposed licensed
extended power increased by 2%. The release fractions and timing are per RG 1.183,
Sections 3.2 and 3.3 respectively. Radionuclide composition and chemical form are per
RG 1.183, Sections 3.4 and 3.5 respectively.

4.3.3 Mitigation

The radiological consequences of the LOCA are actively mitigated by several safety-
related systems and the use of administrative controls. The CREOASS is credited for the
mitigation of the dose to the Control Room operator. The isolation of the CR and the
initiation of the CREOASS are automatic in response to a LOCA accident signal.

The Control Room outside air intake is normally open. Per SSES Units 1 & 2 Technical
Specifications 3.7.3.4 and 5.5.7a, the CREOASS filtered intake flow ranges from 5229 cfm
to 6391 cfm with positive pressure guaranteed at < 5810 cfm. Dose analyses were
performed at 5229 and 6391 cfm with the 5229 cfm flow rate resulting in the worst case
doses.

Filtered intake flow of 5229 cfm for Control Room pressurization is assumed with
CREOASS filter efficiencies of 99% for all the iodine species. No manual actions are
credited in the analysis relative to the CREOASS system. Control Room unfiltered
inleakage is assumed to be 510 cfm, which bounds tracer gas inleakage test results.

The SGTS is credited for the mitigation of the radiological releases. SSES Units 1 & 2
proposed Technical Specifications B3.6.4.1.4 change state that one SGTS subsystem
should draw down the Reactor Building including Zones I, II and III to greater than or
equal to 0.25 inch of vacuum water gauge in less than or equal to 300 seconds (5 minutes).
A 10 minute Reactor Building drawdown time is conservatively used in the LOCA
analysis.
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Releases into the Reactor Building during the first 10 minutes are assumed to leak
directly to the environment as a ground level release with no filtration. After 10 minutes,
these releases are filtered by the SGTS. Per RG 1.52 (Reference 23), a SGTS charcoal
filter efficiency of 99% is assumed for all species of iodine, based on an 8 inch charcoal
bed.

The SSES secondary containment is mixed by a recirculation system. Per RG 1.183,
Appendix A.4.4, a mixing efficiency of 50% is assumed.

The manual injection of boron via the SLC system is credited for suppression pool pH
control. The maintenance of a suppression pool pH level above 7.0 is important to
prevent re-evolution of iodine from the suppression pool water. This use of SLC is
consistent with several other BWR submittals using AST for LOCAs. The initiation of
SLC is performed from the Control Room and is not a new manual action. New
procedural guidance is required to address reliance on SLC for pH control. The
appropriate procedural guidance will be established during the implementation of the
LAR. (See Section 4.7.1 for additional information on the SLC system and the
justification for the use of SLC in this application.)

.......... .. . ....... ... ...... _.. .. ... . . . ........... ....... ... .... ........... ..... ... . . . . - . . .. . . ..I. .. . . . . . . .. .. . . . . . . . . . .. 1 . . . . . . .. . . . . . . . ... . . . . . . . .

The portion of the main steam lines from the primary containment isolation valve to the
point of the drain piping "tee" is used for plateout.

The method for modeling the removal of aerosols, elemental and organic iodine in the
main steam line piping is based on Appendix A to AEB-98-03 (Reference 17). Only the
horizontal runs of piping are considered in determining the aerosol and elemental iodine
plateout. Additionally, since aerosol plateout is a mechanistic settling process, only the
bottom 1/2 of the inside surface area of the lines is applicable for plateout. In addition,
since the bottom half of a circular pipe has sides which are essentially vertical or inclined,
the area for aerosol plateout is modeled as the projected area of the diameter of the pipe
[diameter X length] in lieu of the actual surface area [a X diameter X length]. Another
potential issue related to the phenomenon of aerosol settling is the possibility for steam
condensation in the piping to wash out and re-evolve some of the settled aerosols.
While the actual process would be difficult to quantify, a factor of 2 reduction in the
conservatively calculated projected area is used in RADTRAD to provide additional
margin. Therefore, the aerosol settling area is defined as 1/2 the projected area or ½ X
pipe diameter X length.

The key parameter in the aerosol removal equations is the settling velocity of the material
of interest. AEB-98-03 provides values for aerosol settling velocities. Early AST
submittals used an aerosol settling velocity equal to the median value of the settling
velocity or 0.00117 m/sec (Page A-3 of AEB-98-03). In a meeting with the NRC staff on
May 24, 2005, PPL was informed that use of the median settling velocity of 0.00117
m/sec (50'h percentile value) was no longer acceptable to the staff. The SSES LOCA
analysis conservatively uses an aerosol settling velocity equal to 4 of 1 0th percentile
value from AEB 98-03 or 5.25E-05 m/sec [1/4 * 2.1E-04].
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The elemental removal is based on the same AEB-98-03 methodology as the aerosol
removal except that the elemental iodine deposition velocity based on J. E. Cline, MSIV
Leakage Iodine Transport Analysis, Letter Report, 3/26/1991 (Reference 18) is used in
the analysis. Re-suspension of elemental iodine is conservatively included in the
analysis.

The assumed leakage rate from the primary containment, secondary containment bypass
leakage, and leakage via the MSIVs are reduced by a factor of two after 24 hours into the
event. Credit for reduction of leakage is consistent with the guidance in RG 1.183.

4.3.4 Radiological Transport Modeling (see Figures 3 - 8)

A simplified radiological release model and individual pathway models developed to
calculate LOCA doses utilizing RADTRAD are shown in Figures 3 through 8. Specific
model details and the supporting RADTRAD runs are provided in Attachment 10 as
Calculation EC-RADN-1 125, "CRHE and Offsite Post LOCA Doses - AST."

Various flow paths model activity transport between volumes and the environment.
-These flow paths are associated with'volumetric flows that determine the rate at which
radioactivity is exchanged between the control volumes. In addition, removal processes
such as deposition in pipes and filtration are modeled within and between the control
volumes, as appropriate. No credit is conservatively taken in this analysis for fission
product reduction due to the initiation of the drywell sprays.

The drywell and wetwell are connected by downcomers and vacuum breakers, which
allows steam that has been released into the drywell to flow to the suppression pool.
Non-condensables could then collect in the wetwell air space above the pool. When the
drywell pressure is reduced, a portion of these non-condensables will return to the
drywell. The suppression pool scrubbing of activity carried to the suppression pool by
this process is not credited in this analysis.

Per SSES Technical Specifications, Section 3.6.1.1 and Primary Containment and
Technical Specification Bases, B3.6. 1. 1, the leakage rate for the primary containment is
defined as 1% by weight of containment air per 24 hours @ 45 psig. In accordance with
RG 1.183, Section 3.7: "The primary containment should be assumed to leak at the peak
pressure technical specification leak rate for the first 24 hours. For BWRs, leakage may be
reduced after the first 24 hours, if supported by plant configuration and analyses, to a value
not less than 50% of the Technical Specification leak rate". Based on the significant
reduction of the calculated internal pressure of the primary containment at 24 hours into the
LOCA, the 50% reduction in leak rate was utilized in the analysis (Figures 5, 7, and 8).
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The Reactor Building was credited for holdup, based on a minimum free volume of two
zones (Zones I and III). For modeling purposes, the SGTS flow rate for Reactor Building
drawdown is assumed to be at the maximum system flow rate of 11,110 cfm from SSES
Units 1 & 2 Technical Specifications 5.5.7a during the drawdown period (i.e., the first
10 minutes) and then 100% per day of the post LOCA secondary containment volume
(2885 cfm). The SGTS filter efficiency for all forms of iodine and for particulates is 99%
(Figures 5 & 6).

Primary Containment Leakage to the Secondary Containment (Figure 5)

Credit for natural deposition in the drywell is taken. The 10h percentile Power's Aerosol
Decontamination Model is conservatively used in the analysis.

Leakage from primary containment to secondary containment is modeled based on the
combined drywell and wetwell volumes. The assumed leakage rate from the primary
containment is reduced by a factor of two after 24 hours into the event. Credit for this
reduction of primary containment leakage is consistent with the guidance in RG 1.183.
Releases into the secondary containment during drawdown (the first 10 minutes after
'strtup f7SGITS) areassufmedto leak directlyito the environment' as a ground level'
release with no filtration. After 10 minutes, these releases are filtered by the SGTS.

Primary Containment Bypass Leakage Directly to the Environment (Figure 7)

SSES TS SR 3.6.1.3.11 specifies that the combined leakage rate for all miscellaneous
secondary containment bypass leakage pathways be equal to or less than 9 scfh. The
supporting LOCA analysis is based on a secondary containment bypass leakage rate of
9 scfh for the first 24 hours. Consistent with the treatment of MSIV leakage, this leakage
value was reduced by a factor of two at 24 hours. This activity leakage path is from
primary containment directly to the environment and is modeled based on the drywell
volume for the first 2 hours and the combined drywell and wetwell volumes for the
remainder of the accident.

MSIV Leakage to the Environment via the Condenser (Figure 8)

The MSIV leakage test limits are provided in SSES Technical Specification Surveillance
Requirement 3.6.1.3.12 as < 100 scfh from any one valve or < 300 scfh total from the
four valves. This analysis assumes one MSL is faulted and the faulted line has 100 scfih
flow. The remaining leakage is evenly split between the three non-faulted lines. Credit
for natural deposition within the main steam lines was taken and is discussed in
Section 4.3.3 above. To accommodate a postulated single failure of an MSIV to close,
credit for natural deposition was taken for only three of the four steam lines.
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NEDC-31858P-A, BWROG Report for Increasing Main Steam Isolation Valve Leakage
Rate Limits and Elimination of Leakage Control Systems, Appendix C, Section 7
(Reference 19) provides the BWROG evaluation of the MSIV leakage flow and removal
in the BWR condenser. It was concluded that the BWROG condenser removal model
was clearly conservative. The BWROG methodology was based on the TID-14844
iodine species fractions of 91% elemental, 4% organic and 5% particulate. The NRC
addressed this issue in a Letter from Brenda Mozafari, Division of Licensing Project
Management, Office of Nuclear Reactor Regulation to Mr. J. S. Keenan, Brunswick
Steam Electric Plant, Carolina Power & Light Company, Southport, North Carolina,
Brunswick Steam Electric Plant, Units 1 and 2 - Issuance of Amendment RE: Alternative
Source Term (TAC Nos. MB2570 and MD2571) dated 3/30/02 (Reference 20),
Section 3.2.1.4, Pages 14 and 15, wherein the NRC states that use of NEDC-31858P-A
condenser iodine removal efficiency methodology is bounding for the AST with its 95%
aerosol iodine species and 0.15% organic iodine species.

The condenser equivalent elemental and particulate (aerosol) DF of 250 (effective filter
efficiency of 99.6%) was used in approval of MSIVLCS elimination and as an input to
RADTRAD for the AST LOCA analysis.

ESF Leakage to the Secondary Containment (Figure 6)

Two sources of potential leakage are included in the release model. The first is ESF
system leakage directly into secondary containment. Currently, there is no TS limit for
ESF leakage outside primary containment. TS 5.5.2, "Primary Sources Outside
Containment" discusses a program that provides controls to minimize leakage from those
portions of systems outside containment that could contain highly radioactive fluids
during a serious transient or accident to levels as low as practicable.

The systems included in the ESF transport pathway are core spray, high pressure coolant
injection, residual heat removal, reactor core isolation cooling, reactor water cleanup,
standby gas treatment, scram discharge, post accident sampling (until such time as a
modification eliminates the post accident sampling system penetration as a potential leak
path), and containment air monitoring systems. The program includes: (1) preventive
maintenance and periodic visual inspection requirements, and (2) integrated leak test
requirements for each system at least once per 24 months. The provisions of SR 3.0.2 are
applicable. Per station procedure, the maximum allowable limit is 5 gpm. This meets
FSAR commitments 15.6.5.5.1.2 and 18.1.69. This procedure will be revised to reflect a
maximum limit of 2.5 gpm (see Attachment 8 of this LAR). Consistent with RG 1.183,
Appendix A, Item 5.2, the ESF leakage rate was increased by a factor of two. Leakage is
assumed to start at t = 0 minutes post-accident and continues for the duration of the
accident.
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The second source of potential leakage (non-ESF) is through the control rod drives
(CRDs) and scram discharge (SDV). The combined contribution of the CRDs and SDV
is assumed to be 15 gpm and was not increased by a factor of two for this analysis per
RG 1.183, Appendix A, Item 5.2. Although this source is not an ESF source, it was
included for conservative reasons.

For all LOCA cases evaluated, the maximum bulk suppression pool water temperature does
not exceed 212TF per Section A20 of Reference 14. Therefore, per RG 1.183, Appendix A,
Section 5.5, "If the temperature of the leakage is less than 212'F or the calculated flash
fraction is less than 10%, the amount of iodine that becomes airborne should be assumed to
be 10% of the total iodine activity in the leaked fluid." A flash fraction of 10% was used in
the LOCA analysis.

Releases into the secondary containment during drawdown (the first 10 minutes after
startup of SGTS) are assumed to leak directly to the environment as a ground level
release with no filtration. After 10 minutes, these releases are filtered by the SGTS.

..... ... .... ~~~~~~~~~. ..................... ........ ....... ....:............ ...............I.............. ...... .. .......... .................. ...............I..........................Control Room (Figure 4)

The activity flow path model for the Control Room models the intake and the infiltration
of radioactive material contained in the radioactive plume released to the environment
from the facility for CRHE doses. The Control Room air intake flow can vary between
5229 cfm and 6391 cfm. The air intake flow that results in the highest CBRE dose is
used. An infiltration flow rate of 510 cfm is assumed and includes 10 cfm to account for
CRHE ingress/egress. The Control Room exhaust flow rate is the sum of filtered and
unfiltered incoming flow rates. The assumed filter efficiencies are 99% for all the iodine
species.

The total Control Room habitability envelope free volume is used in the RADTRAD
model. In order to take credit for the radiation shielding effects of the control structure
floors, the EDE portion of the Control Room TEDE is based on the actual free volume of
Control Room floor elevation 729'-1" and is evaluated by adjusting the RADTRAD dose
by the ratio of the geometry factor for 518,000 ft3 to the geometry factor for the Control
Room free volume of 110,000 ft3.

Summary of Release Model

The general assumptions are:

* The loth percentile Power's Aerosol Decontamination Model.
* 1.0% weight per day primary containment leakage. This leakage rate is

reduced by a factor of two at 24 hours.
* 0.0134% volume per day primary containment leakage bypassing the

secondary containment. This leakage rate is reduced by a factor of two at
24 hours.
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* MSIV leakage based on the TS leakage limit. Credit is taken for aerosol and
iodine deposition in the three intact steam lines. MSIV leakage is reduced by
a factor of two at 24 hours.

* The condenser provides an equivalent elemental and particulate DF of 250.
* 20 gpm of ESF and CRD/scram discharge volume combined leakage into

secondary containment (2 X 2.5 + 15.)
* A flash fraction of 10% is used for ESF leakage.
* Secondary containment drawdown time of 10 minutes.
* SGTS flow of 11,110 cfm initially, and 2,885 cfm (100%o/day) after secondary

containment drawdown.
* SGTS filters: 99% efficient for all species except noble gases.
* No credit for drywell sprays.
* Credit for holdup in the secondary containment, based on mixing by the

recirculation system (a mixing efficiency of 50% is assumed).
* CRHE unfiltered inleakage is 510 cfm.
* Control Room air intake filters: 99% efficient for gaseous iodine, 99% for

p..ticulates... ----- -- --- ----. :
* Suppression pool pH maintained above 7.0 due to manual injection of boron

via the SLC system.
* Automatic initiation of the CREOASS and SGTS.
* No credit for suppression pool scrubbing.

4.3.5 Results - Control Room Operator Dose

The DBA-LOCA Control Room operator dose is shown in Table 4.3-2. Consistent with
RG 1.183 Item 4.2.1, the calculation was performed to assess the Control Room operator
dose from all sources of radiation that will cause exposure. The Control Room operator
dose is the sum of the dose contributions from the nine sources presented in Section 4.3.1
and determined in Calculations EC-RADN-1 125 and EC-RADN-1 129 provided in
Attachment 10.

Table 4.3-2
LOCA Control Room Operator Dose (rem)

I Calculation TEDE I RG 1.183 TEDE
CR 0perator Dose 4.78 5

As a result of the analysis performed in calculation EC-RADN-1 129, "DBA LOCA Total
Control Room Dose", limited access controls are required in the CRHE to maintain the
Control Room operator dose as calculated and to meet the dose acceptance requirements
of RG 1.183 and 10 CFR 50.67. Access control requirements in the CRHE result from
core spray pipe shine located in the Reactor Building.
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Elevations 698' (computer room), 729'-1" (Control Room), and 741'-1" (TSC) are the
only areas of the CRHE that require personnel to meet the occupancy requirements of
RG 1.183, Section 4.2.6 during a DBA LOCA. Other areas of the CRHE require
significantly less occupancy. Core spray piping is located in the adjacent RB near the
northeast and southeast corners of the CRHE. A section of an Office (Room C-401)
and section of the Operational Support Center (Room C-402) located on elevation
729'-1" and the Electrical Room (Room C-413) and a section of the NRC Conference
Room (Room C414) located on elevation 741'-1", must have access controls to limit
personnel exposure to < 0.738 rem TEDE from the direct shine from the core spray
piping for the duration of the accident. This is accomplished by designating an area 5'
from the CRHE east wall as a limited entry zone on elevations 729'-1" and 741'-1".
Due to the location of the computer room on elevation 698', access controls are not
required. Emergency planning station procedures shall be revised to incorporate
access controls prior to AST implementation.

4.3.6 Results - Offsite Doses
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The RADTRAD computer code was used to determine the offsite dose. Table 4.3-3
shows the proposed licensing basis dose limit compared to the regulatory limit.

Table 4.3-3
LOCA Offsite Doses (rem)

Calculation TEDE RG 1.183 TEDE
EAB Dose") 7.81 25
LPZ Dose 3.80 25

(1) The EAB dose represents the maximum 2-hour TEDE over the accident
period.

4.3.7 Conclusion

The LOCA Control Room operator dose is below the 5 rem TEDE regulatory limit and
the offsite doses are well below the 25 rem TEDE regulatory limit.

4.3.8 Summary of Calculation Conservatisms

* The analysis uses the effective iodine removal efficiency values based on
5500F for the duration of the accident for the main steam piping (the effective
removal efficiency increases with decreasing temperature of the piping).

* Unfiltered inleakage is assumed to be 500 cfm (not including 10 cfm from
ingress/egress). This amount bounds the leakage and error band from the
December 2004 CRHE tracer gas inleakage tests.
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* Primary containment cleanup by natural deposition assumes the le percentile
Power's Aerosol Decontamination Model.

* No credit is conservatively taken for fission product reduction due to the
initiation of the drywell sprays.

* Post LOCA secondary containment drawdown time from SSES Units 1 & 2
proposed Technical Specification B3.6.4.1.4 changes state that one SGTS
subsystem should draw down the Reactor Building including Zones I, II and
III or Zones I and III to greater than or equal to 0.25 inch of vacuum water
gauge in less 5 minutes. A 10 minute Reactor Building drawdown time is
conservatively used in this analysis.

* The model for the removal of iodine in the main steam lines only credits
horizontal runs of piping in determining aerosol plateout.

* The aerosol settling velocity is conservatively set equal to 1/4 of the 10th
percentile value from AEB 98-03.

* Only the portion of the main steam lines from the primary containment
isolation valve to the point where the drain piping takes off is used for
plateout. No credit is taken in the faulted line, which is assumed to be the line
of greatest length.

* The activity available for release from the MSIV and containment bypass
leakage paths are conservatively taken to be mixed in the drywell free volume
for the first two hours. After two hours (to allow for mixing resulting from
thermal - hydraulic activity), the activity is assumed to be further diluted in
the drywell plus wetwell free volume.
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Figure 3: A Simplified Activity Flow Path Composite Model
Developed to Calculate LOCA Doses Utilizing RADTRAD

!

I I I

CPRIF, isola'tes'for this event
:t 1li10N II I

ti Ir

Notes:
(1) For the MSIV and bypass leakage paths, activity released from the core is cdnservatively assumed to

be mixed in the drywell free air volume only for the first two hours post-accldent After 2 hours,
credit is taken for mixing in the drywell plus wetwell free air volumes.

(2) No credit for air filtration of the SGTS discharge is taken during secondary containment drawdown
(O-10 min).



Attachment 2 to PLA-5963
Page 28 of 60

Figure 4: A Simplified Activity Flow Path Model for the Control Room Habitability
Envelope Developed To Calculate Accident Doses Utilizing RADTRAD

Release of Activity
To Environment

Environment
Exhaust (2)
5739 cfm to 6901 cfm

Control Room (1)
Habitability
Envelope

l . 518,000 ft3
I .

l Unfiltered Inleakage
510 cfm

p ~CRIM Y/Os
II .

I .

l .,

Air Intake (2)
5229 cfm to 6391 cfm

Filter efficiency =99 % (3)

___________________________ ____________ ______________________________ _____

Notes:
1. The total Control Room habitability envelope free volume of 518,000 ft' is modeled into the RADTRAD code. In order to take credit for the radiation shielding effects of the control structure

floors, the EDE portion of the Control Room TEDE as calculated by RADTRAD is adjusted by the ratio of the geometry factor GF for 518,000 ft3 to the GF for 110,000 fte (free of volume of
Control Room elevation 729'-1"). The geometry factor is defines as: GF = 1173 / (VU338).

2. Air intake flow can vary between 5229 cfm and 6391 cfm. The CRHE doses are based on the air intake and corresponding CRHE exhaust flow rates that result in the highest dose.

3. If the Control Room Emergency Outside Air System (CREOAS) is not activated for the accident the air intake activity flow path is unfiltered.
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Figure 5: A Simplified Radiological Release Model Developed to Calculate LOCA
Doses from Primary Containment Leakage Path into Reactor Building
Utilizing RADTRAD

SGTS Discharge
11,110 cfm, 0 -10 minutes, no filtration
2,885 cfm, >10 minutes
(99% filter efficiency for all iodine species)

ENVIRONMENT

Primary
Containment
388,190 ft&

Secondary
Containment
2,078,300 ft3

50% MixingContainment Leakage
0.9866% per day, 0 to 24 hours
0.4933 % per day (0-30 days)

Secondary Containment Leakage,
2,885 cfm, 0-10 minutes
0 cfm (> 10 minutes)

CRHE isolates for this event
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Figure 6: A Simplified Radiological Release Model Developed to Calculate
LOCA Doses from ESF Leakage Path Ltilizing RADTRAD

SGTS Discharge
I ,l 10 cfm, 0 -10 minutes, no filtration
2,885 cfm, >10 minutes,
(99% filter efficiency for all iodine species)

ENVIRONMENTSuppression
Pool

132,000 ft3
-

ESF Leakage
2.674 cfm, 0 to 30 days
(Partition Factor = 10%)

Secondary
Containment
2,078,300 ft3

-

Secondary Containment Leakage
2,885 cfm, 0 -10 minutes

:0 cfm (>10 minutes)

CRHE isolates for this event
.I
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Figure 7: A Simplified Radiological Release Model Developed to Calculate LOCA
Doses from Primary Containment Bypass Leakage Path Utilizing RADTRAD

. Containment Bypass
Leakage

0.0134 %Iday, 0-1 days
0.0067 %/ day, 1-30 days

Primary (1)
Containment
388,190 ft3 - ENVIRONMENT

. .

I CRHE isolates for this event
I

Note:

(1) For the bypass leakage path, activity released from the core is conservatively assumed to be mixed in the drywell free air volume (239,600 ft3) only
for the first 2 hours post accident. After 2 hours, credit is taken for mixing in the drywell plus wetwell free air volumes.
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Figure 8: A Simplified Radiological Release Model Developed to Calculate
LOCA Doses from MSIV Leakage Path Utilizing RADTRAD
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1. For the MSIV path, activity released from the core is conservatively assumed to be

mixed in the drywell free air volume only for the first 2 hours post accident. After
2 hours, credit is taken for mixing in the drywell plus wetwell free air volumes.

2. Assumed volume to collect leakage from individual main steam lines and forward
to drain line flow path.

It
Condenser
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5.90 cfm, 0 to 24 hours
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4.4 Main Steam Line Break

A detailed discussion of the design input parameters, assumptions, methodology,
analysis, and results supporting the MSLB accident are provided in Attachment 10 as
Calculation EC-RADN-1 128, "Steam Line Break Accident CRHE and Offsite Doses -
AST." Attachment 3 provides a matrix which compares the RG 1.183 regulatory position
with the parameters and methodologies utilized to calculate the MSLB accident CRHE
and offsite doses.

Table 4.4-1 provides a comparison of the design inputs utilized to determine the existing
licensing basis MSLB and the proposed AST MSLB accident doses.

Table 4.4-1: Design Input Comparison - Current Licensing Basis vs. AST Design - MSLB
Parameter CLB Parameter AST Parameter

Core Thermal Power Level 3616 MWt 4032 MWt
Reactor Coolant Iodine 0.2 ptCi/gm DE 1-131 ICRP 30 0.2 pCi/gm DE 1-131 ICRP 30
Concentrations 4 gCi/gm DE I-131 ICRP 30 4 j±Ci/gm DE I-131 ICRP 30
Radioiodine Chemical Species NA 95% Aerosol

4.85% Elemental
0.15% Organic

Pre-accident Iodine Spike 4 iCi/gm DE I-131 ICRP 30 4.0 ,uCi/gm DE I-131 TEDE
Maximum Equilibrium Iodine 0.2 j±Ci/gm DE I-131 ICRP 30 0.2 giCi/gm DE I-131 TEDE
Spike
Iodine Carryover Fraction 2% 2% for reactor coolant

8% for steam
Design Offgas Release Rate 362,000 giCi/sec at 30 minutes 403,000 IgCi/sec after 30 minutes decay
(Noble Gases) decay
Failed Fuel Resulting from 0 0
MSLB
MSIV Isolation Time 5.0 seconds 5.0 seconds
Total Release Duration 5.5 seconds 5.5 seconds
Holdup in TB None None
Liquid Release 84,840 Ibm 101,808 Ibm
Steam Release from the Steam 6,650 Ibm 7,980 Ibm
Dome
Steam Release from Flashed 6,468 Ibm 7,776 Ibm
Liquid
Dose Conversion Factors ICRP 30 RADTRAD Table 1.4.3.3-2
Control Structure Habitability Note 1 518,000 ft3

Envelope Total Volume
CR Isolation Time Note I None
Intake Air Flow, Total into Note 1 6391 cfm
Control Structure
Emergency Filtered Note 1 0 cfm
Recirculation Air Flow
Unfiltered Air Inleakage Note 1 10 cfm
Ingress/Ingress
Other Unfiltered Air Inleakage Note 1 500 cfm
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Table 4.4-1: Design Inp t Comparison - Current Licensing Basis vs. AST Design - MSLB
Parameter CLB Parameter AST Parameter

Emergency Filter Bed Depth/ Note 1 Filters not credited during puff passage
Removal Efficiency or in clean up after passage.
Operator Breathing Rates Note 1 3.5E-04 m /sec
Operator Occupancy Factors Note 1 1.0, 0-24 hrs

0.6, 14 days
0.4, 4-30 days

Dose Calculation Program EXCEL RADTRAD (Note 2)

Notes: 1. CLB for the MSLB did not include a dose evaluation for CRHE. The DBA
LOCA dose was assumed bounding.

2. Releases can occur from the steam tunnel blowout panels in the turbine and
Reactor Building. The RB Unit 2 blowout panel Control Room X/Q values
(worst case) are used in RADTRAD.

... 4........... . n...... tro. du.ction ..and Background

The postulated MSLB accident assumes a double-ended break of one main steam line
outside the primary containment. The assumed displacement of the pipe ends permits a.
maximum blowdown rate. The mass of coolant released is the amount in the steam line
and connecting lines at the time of the break plus the amount passing through the MSIVs
prior to closure (5.5 seconds). For the design basis accident, the reactor is assumed to be
in hot standby prior to the break. This condition maximizes the liquid mass release and
hence activity releases. The mass releases for the design basis cases are:

Liquid release 84,840 Ibm

Steam release from flashed liquid 6,480 ibm

Steam from steam dome 6,650 Ibm

The above mass releases were increased by 20% to provide additional margin.
Evaluations of steam line break masses for other extended power uprate plants
determined that the increases in mass releases were small compared to the pre-uprate
main steam line break masses while at power.

The release of steam to the environment resulting from the MSLB is assumed to be an
instantaneous ground level puff release from the RB Unit 2 blowout panel. The
methodology used to establish the puff transit time and the normalized concentration as a
function of distance traveled is consistent with RG 1.194.

The key parameters used in the MSLB analyses are discussed in Attachments 3 and 10.

The NRC approved computer code RADTRAD, endorsed by RG 1. 183, is used to
calculate the dose to the Control Room operator as well as the doses at the EAB and LPZ.
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4.4.2 Source Tenm

The fission product inventory available for release is based on (1) the maximum
equilibrium reactor coolant DE 1-131 concentration of 0.2 uCi/gm and (2) the pre-
accident iodine spike DE 1-131 concentration of 4.0 uCi/gm specified in TS 3.4.7. To
account for iodine spiking, the equilibrium level of DE I-131 was increased by a factor of
20 to achieve a spiking concentration of 4 uCi/gm. No fuel damage is predicted to occur
for the MSLB.

The FSAR design basis noble gas source term is 100,000 giCi/s after 30 minutes decay.
Short lived isotopes (half lives less than one minute) were excluded due to radiological
decay. The concentrations shown have been determined to be conservative for extended
power uprate with and without hydrogen water chemistry (Reference 32).

A total off gas release rate of 403,000 ,gCi/sec after 30 minutes delay was used for the
noble gas source with a core power of 4032 MWt based on TS 3.7.5. The individual
noble gas concentrations were scaled from the 100,000 glCi/sec by applying a factor of
4.03.

...... .... ................ ................ ........ . ... ........... ........ . . . .. ....... . .. ... . ......... ... ....... . . ... . .. . .... . .. ....... ...... . ..... . ........... ......... . .. .

The scaling of the 100,000 gtCi/sec is similar to the approach in Regulatory Guide 1.98
(Reference 33) for analyzing postulated failures in off gas systems. The same approach
is used for setting SSES's main condenser offgas rate in Technical Specification 3.5.7
(Reference 34).

The methodology and assumptions used to calculate the total number of curies in the
source term is consistent with RG 1.183 and the current licensing basis. The activity (in
the terms of DE 1-131 and noble gases) in the mass of the initial liquid blowdown was
assumed to be released to the atmosphere instantaneously, as a ground level release, and
no credit was taken for plateout, holdup, or dilution within facility buildings.

4.4.3 Mitigation

The only mitigative action credited for the MSLB event was the termination of the
release upon the automatic closure of the MSIVs. The MSIV isolation actuates on a high
flow signal. Per RG 1.183, Appendix D, Section 4.1, "The main steam line isolation
valves (MSIV) should be assumed to close in the maximum time allowed by Technical
Specification." The MSIV closure time is 5.5 seconds. The 5.5 second closure time is
consistent with the current licensing basis and is supported by the Technical
Specification 3.6.1.3. This surveillance requires the performance of periodic stroke time
tests with an acceptance criterion of greater than or equal to 3 seconds and less than or
equal to 5 seconds. An additional 0.5 seconds was conservatively added to account for
the high flow signal to actuate MSIV isolation.
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No credit is taken for filtration of radioiodine from the steam line break. The Control
Room emergency outside air supply system (CREOASS) does not automatically actuate
for this accident. Manual operation is not credited because the accident occurs rapidly
with the release moving away from the Control Room within minutes.

4.4.4 Radiological Transport Modeling (see Figures 4 & 9)

The release of steam resulting from the MSLB (through a blowout panel in the Reactor
Building steam tunnel) was assumed to be an instantaneous ground level puff.

The Control Room outside air intake is normally open and CREOASS filters bypassed.
Per SSES Units 1 & 2 Technical Specifications 3.7.3.4 and 5.5.7a, the outside air intake
flow ranges from 5229 cfm to 6391 cfm with positive pressure guaranteed at < 5810 cfm.
Dose analyses were performed at 5229 and 6391 cfm with the 6391 cfm flow rate
resulting in the worst case doses. Additional unfiltered inleakage of 500 cfm is assumed
in the analysis. This amount bounds the leakages and error bands from the December
2004 CRHE tracer gas tests. Unfiltered ingress/egress leakage through doors of 10 cfm is
assumed based on NUREG-0800, Chapter 6.4.

.. .. .. . . . .. . . . . . . ... . ........ I . . . . ......... - -. .................- .. ................... ...................... .............. ............... .. ..... ... ...... .................... .I... .....I..... ... .. .. ..... ... ..... ... .. ................. _ _ ....... .... -.. . .. ..

The RG 1.194 methodology was used to establish the puff transit time, normalized
concentration as a function of distance traveled in the downwind or "x" direction, and the
time-integrated normalized centerline concentration. Equation 10 of RG 1.194 was used
to calculate the Control Room X/Q. The puff from the steam release (including the
flashed steam) was assumed to be released at ground level with an initial volume
corresponding to standard atmospheric conditions. No buoyancy was considered. All the
activity in the liquid was assumed to be released into the puff. The time required for the
plume to transit to the new local Control Room air intake was based on the plume moving
with a horizontal velocity of 1 m/s per RG 1.194. The puff centerline is assumed to pass
directly over the local Control Room air intake.

4.4.5 Results - Control Room Operator Dose

The RADTRAD computer code was used to determine the Control Room operator dose
and is shown in Table 4.4-2.

Table 4.4-2
MSLB Control Room Operator Doses (rem)

Source Term Calculation TEDE RG 1.183 TEDE
Dose with maximum equilibrium iodine 0.04 5.0
Dose with pre-accident iodine spiking 0.77 5.0
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4.4.6 Results - Offsite Doses

The offsite dose calculation assumes a direct unfiltered release to the environment; but
because of the greater distances to the EAB and LPZ boundary, the dispersed release is
assumed to be a continuous plume, modeled with the equations provided in RG 1.145.
Plume dilution due to buoyancy is not credited.

The RADTRAD computer code was used to determine the offsite doses, which are
provided in Table 4.4-3.

Table 4.4-3
MSLB Offsite Doses (rem)

Calculation TEDE | RG 1.183 TEDE
Doses with maximum equilibrium iodine

EAB Dose 0.010 2.5
LPZ Dose 0.006 2.5

Doewt r-cietidn spiking................. .................. .................. D o e w t . !p a c i e t p k n . ..... .................................. ................

EAB Dose 2.0 25
LPZ Dose 0.12 25

4.4.7 Conclusions

The MSLB Control Room operator dose for the maximum equilibrium case is a small
fraction of the 5 rem TEDE regulatory limit. The dose for the pre-accident iodine spike
case is also well below the 5 rem TEDE regulatory limit.

The MSLB offsite doses for the maximum equilibrium case are a small fraction of the
2.5 rem TEDE regulatory limit. The dose for the pre-accident iodine spike case is a small
fraction of the 25 rem TEDE regulatory limit.
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Figure 9: A Simplified Radiological Release Model Developed
to Calculate MSLB Doses Utilizing RADTRAD

Puff Release
~l~e. qt3,130,000 cfm, 0 to 2 minutes

Tunnel

56,1 10 ft3

* ENVIRONMENT

I No CRHE isolation for this event I

Notes:
1. 3,130,000 cfm is an arbitrary flow rate used in the RADTRAD model to ensure that at least 99% of the activity in

MSLB blowdown mass is released by the time the MSIVs are fully closed at 5.5 seconds and virtually all activity
is released in two minutes.

2. The puff release passes beyond the CRHE air intake in approximately 3 minutes. The CRHE flows are modeled to
30 days in order to calculate the dose from the accident and the residual in the CRHE after the accident.
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4.4.8 Summary of Calculation Conservatisms

* The iodine water concentrations are maximized by the use of a 2% steam
carryover (corresponding to normal water chemistry operation) while the steam
concentrations are maximized using an 8% steam carryover (corresponding to
operation with hydrogen water chemistry). This approach bounds normal and
hydrogen water chemistry operation.

* The mass releases are increased by 20% to provide additional margin.
Evaluations of steam line break masses for other extended power uprate plants
determined that the increases in mass releases were small compared to the pre-
uprate main steam line break masses while at power.

* The CRHE's nominal inlet air flow rate is 5810 cfm. This analysis uses
6391 cfm, the maximum value for which the system is in compliance with
Technical Specification 5.5.7a.

................... ... ... .......... M- .- ... ............ ...- - ................. ....... ..... ............................................. ..... .... ..- . . . ....... .......................................................... . .. . ..... .. . ... . . .. .. ..
* Unfiltered inleakage is 500 cfm (not including 10 cfm from ingress/egress). This

amount bounds the leakage and error band from the December 2004 CRHE tests.

* Additional noble gases not included in the standard list of the RADTRAD 60
isotopes were included in the analysis.
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4.5 Control Rod Drop Accident

A detailed discussion of the design input parameters, assumptions, methodology,
analysis, and results supporting the CRDA are provided in Attachment 10 as
Calculation EC-RADN-1 127, "Control Rod Drop Accident CRHE and Offsite
Doses - AST." Attachment 3 provides a matrix which compares the RG 1.183 regulatory
position with the parameters and methodologies utilized to calculate the CRDA onsite
and offsite TEDEs.

Table 4.5-1 provides a comparison of the design inputs utilized to determine the existing
licensing basis CRDA and the proposed AST CRDA doses.

Table 4.5-1: Design Input Comparison - Current Licensing Basis vs. AST Design - CRDA
Parameter - CLB Parameter AST Parameter

Core Thermal Power Level 3616 MWt 4032 MWt
Core Radial Peaking Factor 1.5 1.6
-Number of FuelBudles in C.o.re-. .764 - --- ...764 =
Number of Fuel Rods per Bundle 87.8 87.8
Atrium 10
Number of Fuel Rods Damaged for 1000 2000
CRDA
CRDA Damaged Rods - Gap 10% noble gases and iodines 10% noble gases and iodines
Activity 12% Cs and Rb
Failed (Melted) Fuel Fraction for 0 0.77%
CRDA
CRDA Release Timing (Gap + 0 0
Melted Fuel)
Pre-incident Iodine Spike NA NA
Condenser Free Air Volume 195,000 f 195,000 ft
Fraction of Fuel Activity Released NA 100% noble gases
to Reactor Coolant from Melted 50% iodines
Regions

Fraction of Activity Release in 100% noble gases 100% noble gases
Reactor Coolant Reaching 10% iodines 10% iodines
Condenser 1% others
Fraction of Activity Reaching 100% noble gases 100% noble gases
Condenser Available for Release to 10% iodines 10% iodines
Environment 1% others
Release Rate from Condenser to 1% per day for a duration of 1% per day for a duration of 24 hrs
Turbine Building 24 hrs
Removal Rate from Condenser to NA 1212%/day
Environment with MVP Running

Number of Rods Damaged by NA 30
CRDA Needed to Cause MVP Trip
and Isolation

Turbine Building Holdup None None
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Table 4.5-1: Design Input Comparison - Current Licensing Basis vs. AST Design - CRDA
Parameter - CLB Parameter AST Parameter

Radioiodine Chemical Species NA 97% Elemental
Released from Condenser 3% Organic
Dose Conversion Factors ICRP 30 RADTRAD Table 1.4.3.3-2

Control Structure Habitability Note 1 518,000 ft
Envelope Total Volume
CRHE Isolation Time Note 1 None assumed.
Intake Air Flow, Total into Control Note 1 6391 cfm
Structure
Unfiltered Air Inleakage Note 1 10 cfm
Ingress/Egress
Other Unfiltered Air Inleakage Note 1 500 cfm
Emergency Filter Bed Depth Note 1 Filters not credited.
Emergency Filter Bed Removal Note i Filters not credited.
Efficiency

Operator Breathing Rates Note 1 3.5E-04 m3/sec
Operator OccupanFeactors -Note 1 1-0,0-24 h -s

0.6, 1-4 days
0.4, 4-30 days

Dose Calculation Program TACT 5 RADTRAD (Note 2)

Notes: 1. CLB for the CRDA did not include a dose evaluation for CRHE. The DBA
LOCA dose was assumed bounding.

2. The condenser leakage is released to the environment via the Turbine
Building exhaust vent. The TB Unit 2 exhaust vent Control Room X/Q is used
in RADTRAD for the CRDA and is the worst case value.

4.5.1 Introduction and Background

The postulated CRDA involves the rapid removal of a highest worth control rod resulting
in a reactivity excursion. Core performance analyses show the energy deposition that
results from this event is below the threshold postulated to melt the fuel pellets
(Reference 21). Even though no fuel melting is postulated for the SSES CRDA, 0.77%
of the fuel within a failed fuel rod is conservatively assumed to melt. This fuel melt
assumption is intended to ensure compatibility with the same assumption made in GE's
Topical Report NEDO-31400A, which evaluated the elimination of certain main steam
radiation monitor (MSLRMs) safety functions.

Currently, 1000 rods are assumed to fail in the CRDA design basis accident for the pre-
uprate core. Compliance check calculations are performed for each unit and cycle to
verify that the number of rods is less than 1000. For these compliance checks, rods with
170 cal/gm or more energy deposited in the fuel are assumed to fail. It is expected that
the number of rods will not substantially change based on favorable results from
compliance checking analyses and on scoping studies performed for extended power
uprate.
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In order to establish a conservative bound for assessing accident doses, it is assumed that
2000 fuel rods fail. A core average radial peaking factor of 1.6 is assumed in the
analysis.

The CRDA is terminated at 24 hours per RG 1.183, Appendix C, Section 3.4. The
activity released from the damaged fuel that reaches the turbine and condenser is released
from the Turbine Building at ground level at a rate of 1% condenser volume per day for a
period of 24 hours. No credit is taken for Turbine Building holdup or dilution. The
analysis assumptions for the transport, reduction, and release of the radioactive material
from the fuel and the reactor coolant are consistent with RG 1.183.

A second postulated accident was evaluated at low power operation with the mechanical
vacuum pump (MVP) running. At low power with fewer than 30 rods failing, main
steam line dose rates may be too low to be reliably sensed by the MSLRMs to generate a
trip signal for the MVP. Failure to trip the MVP could result in an unfiltered release of
fission products to the environment from the Turbine Building vent stack, which results
in larger CRHE, EAB, and LPZ doses.

.. . . . . . . .. . . . . . . . . . .. .- . . .. .- . . . . . . . . . . . . . . .. . . . . . . ............. ...................... .............. ....................... .............. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . .. ... . . . . . . . . . .

The key parameters used in the CRDA analysis are discussed in Attachments 3 and 10.

The NRC approved computer code RADTRAD, endorsed by RG 1.183, is used to
calculate the dose to the Control Room operator as well as the doses at the EAB and LPZ.

4.5.2 Source Term

The source term used for the CRDA analysis was composed of releases from melted fuel
and the gap activity from the fuel pins postulated to be damaged. This initial amount of
activity was released into the reactor coolant at time zero. Activity in the reactor coolant
available for release to the environment was calculated by applying transport fractions.

The fraction of the core inventory available for release to the environment was calculated
as follows:

* [Percent of failed rods in core x gap release fraction + percent of failed rods in
core x percent of failed rods melted x melted fuel release fraction] x fraction that
reaches the condenser x fraction that is available for release to environment.

The iodine species released to the reactor coolant are assumed to be 95% aerosol, 4.85%
elemental, and 0.15% organic. The iodine species released from the condenser to the
environment are 97% elemental iodine and 3% organic iodine. To properly model this
release speciation in RADTRAD, the proportions of 97% elemental and 3% organic were
used at the source.



Attachment 2 to PLA-5963
Page 43 of 60

4.5.3 Mitigation

The CRDA is terminated at 24 hours per RG 1.183, Appendix C, Section 3.4. The
activity released from the fuel from either the gap or from fuel pellets was assumed to be
instantaneously mixed in the reactor coolant within the pressure vessel. No partitioning
of the initial activity in the pressure vessel or by steam separator removal was credited.
No credit was assumed for holdup or dilution within the Turbine Building; however,
radioactive decay during the holdup in the turbine and condenser was credited. For the
scenario that evaluates a release through the TB vent stack, no filtration is assumed. No
other mitigation of the radiological release was credited.

No credit is given for isolation or filtration of the Control Room habitability envelope's
(CRHE's) air supply. The Control Room emergency outside air supply system
(CREOASS) does not automatically start-up for this accident. Manual actuation by the
Control Room operator is possible, but is not credited. Control Room ventilation normal
intake flow was unfiltered.

........ .... .. v ___k, A... F.S A_._..:. v-A..~~. ... . . He.... .e ......... ........._ . ....... . . ............ > ....... .. . ae.... ... ...
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The radiological release model for the CRDA was developed consistent with RG 1. 183.
A ground level release was modeled from the Turbine Building's normal ventilation
system at a rate of 1% condenser volume per day over a period of 24 hours. For the
scenario with the MVP running, the removal from the condenser is at a rate of 1212% per
day.

The CRHE's nominal inlet air flow rate is 5810 cfm unfiltered. This analysis uses
6391 cfm, the maximum value for which the system is in compliance with Technical
Specification 5.5.7a. The use of the maximum flow rate results in the greatest uptake of
activity during the accident. Additional unfiltered inleakage of 500 cfm is assumed in the
analysis. This amount bounds the leakage and error band from the December 2004
CRHE tracer gas tests. Unfiltered ingress/egress leakage through doors of 10 cfm is
assumed based on NUREG-0800, SRP Section 6.4.

4.5.5 Results - Control Room Operator Dose

The RADTRAD computer code was used to determine the Control Room operator dose.
Table 4.5-2 shows the proposed licensing basis dose limit compared to the regulatory
limit.

Table 4.5-2
CRDA Control Room Operator Dose (rem)

I Calculation TEDE I RG 1.183 TEDE
2000 Rods - MVP Not Operational

CR Oerator Dose 0.49 5.0
30 Rods - MVP Operational

CR Operator Dose 1.80 5.0
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4.5.6 Results - Offsite Doses

The RADTRAD computer code was used to determine the offsite dose. Table 4.5-3
shows the proposed licensing basis dose limit compared to the regulatory limit.

Table 4.5-3
CRDA Offsite Doses (rem)

Calculation TEDE RG 1.183 TEDE
2000 Rods - MVP Not Operational

EAB Dose I0.19 I6.3
LPZ Dose 0.05 6.3

30 Rods - MVP Operational
EAB Dose 2.30 6.3
LPZ Dose 0.18 6.3

4.5.7 Conclusions

The CRDA Control Room operator dose is well below the 5 rem TEDE regulatory limit
and each offsite dose is a small fraction of the 6.3 rem TEDE regulatory limit.

4.5.8 Summary of Calculation Conservatisms

* Assume 2000 rods experience clad damage instead of 1000 rods per current
reload calculations.

* A failed fuel fraction of 0.77% was assumed, while no fuel melt is anticipated
at SSES.

* Inclusion of the solids released from the melted fuel.

* The CRHE's nominal inlet air flow rate is 5810 cfm unfiltered. This analysis
uses 6391 cfm, the maximum value for which the system is in compliance
with Technical Specification 5.5.7a.

* Unfiltered inleakage is 500 cfm (not including 10 cfm from ingress/egress).
This amount bounds the leakage and error band from the December 2004
CRHE tests.

* Additional noble gases not included in the standard list of the RADTRAD 60
isotopes were included in the analysis.

* No partitioning of the initial activity in the pressure vessel or by the steam
separators was credited.
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Figure 10: A Simplified Radiological Releakse Model Developed
to Calculate CRDA Doses Utilizng RADTRAD

!i

Condenser/
Turbine
100 ft3

Condenser
ILeakage Rate
I ENVIRONMENT

, .

I No CRHE isolation for this event
I

Condenser Leakage Rate = Leakage of 1 % per day, 0 to 24 hours, Full Power Operation
= Leakage of 1212 % per day, 0 to 24 hours, Mechanical Vacuum Pump Operating

The condenser volume used in the RADTRAD model is arbitrary. The release is modeled as a rate process, e.g.,
%Iday. For a rate process, the only restriction is that the dondenser volume be non-zero.

Notes:

2. The accident duration is one day.
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4.6 Fuel Handling Accident/Equipment Handling Accident

A detailed discussion of the design input parameters, assumptions, methodology,
analysis, and results supporting the FHA are provided in Attachment 10 as
Calculation EC-RADN-1 126, "CRHE and Offsite FHA/EHA Doses - AST."
Attachment 3 provides a matrix which compares the RG 1.183 regulatory position with
the parameters and methodologies utilized to calculate the FHA onsite and offsite
TEDEs.

Table 4.6-1 provides a comparison of the design inputs utilized to determine the existing
licensing basis FHA/EHA and the proposed AST FHA/EHA doses.

Table 4.6-1: Design Input Comparison - Current Licensing Basis vs. AST Design - FHA/EHA
Parameter CLB Parameter AST Parameter

Core Thermal Power Level 3616 MWt 4032 MWt
Earliest Fuel Handling Time 24 Hours 24 Hours
Number of Fuel Rods in Fuel 87.8/764 87.8/764
Assembly/Number-uf-Assemblies in . .
Core
EHA/FHA - Number of Damaged Case I (FHA): 1561254.8 Case I (FHA): 156/254.8
Rods Case 2 (EHA): 366/460.8 Case 2 (EHA): 366/460.8
Core Radial Peaking Factor 1.6 1.6
Damaged Rods - Gap Activity 10% - I 8% - 1-131

30% - Kr-85 10% - Kr-85
10% - Other nobles gases 5% - Other nobles gases & halogens

12% - Alkali metals
Core Burnup (MWD/MTU) 60,000 39,000
Maximum Fuel Rod Pressurization <1200 psig <1200 psig
EHIA Release Timing (Gap) Instantaneously released & Instantaneously released & mixed into

mixed into pool water pool water

Minimum Pool Water Depth 21 feet 21 feet
Iodine Species Released to Pool 99.75%Elemental 99.85%Elemental

0.25% Organic 0.15% Organic
Pool DF Noble gases - 1.0 Noble gases - 1.0

Aerosols - infinite
Iodine - 100 Iodine - 138 (corrected for 21 feet)

EHA Release Duration 2 hours 2 hours
Activity Transport from Pool to SGTS actuation prior to SGTS actuation prior to activity release
Environment activity release to to environment

environment
SGTS Filter Bed Depth 8 in. Charcoal 8 in. Charcoal
SGTS Filter Bed Efficiency 99% for all iodine species 99% for all iodine species
Offsite Breathing Rates(m Isec) 3.5E-04, 0-8 hrs 3.5E-04, 0-8 hrs

1.8E-04, 8-24 hrs 1.8E-04, 8-24 hrs
2.3E-04, 1-30 d 2.3E-04, 1-30 d

Dose Conversion Factors ICRP 30 RADTRAD Table 1.4.3.3-2
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Table 4.6-1: Design Input Conparison - Current Licensing Basis vs. AST Design - FHA/EHA
Parameter CLB Parameter AST Parameter

Control Structure Habitability Note 1 518,000 ft
Envelope Total Volume
CRHE Isolation Time Note I Time = 0
Emergency Intake Air Flow, Total Note 1 5229 cfm to 6391 cfm
into Control Structure
Unfiltered Air Inleakage Note 1 10 cfm
Ingress/Egress
Other Unfiltered Air Inleakage Note 1 500 cfm
Emergency Filter Bed Depth Note 1 4 inches charcoal
Emergency Filter Bed Removal Note 1 99%
Efficiency
Operator Breathing Rates Note 1 3.5E-04 n3/sec
Operator Occupancy Factors Note 1 1.0, 0-24 hrs

0.6, 1-4 days
:_ _0.4,4-30 days

Dose Calculation Program EXCEL RADTRAD (Note 2)

Notes: 1. CLB for the FHA/EHA did not include a dose evaluation for CRHE. The
DBA LOCA dose was assumed bounding.

2. The SGTS exhaust vent Control Room X/Q is used in RADTRAD for this
event.

4.6.1 Introduction and Background

Two postulated events are evaluated. Case 1 (fuel handing accident - FHA) considers a
dropped fuel assembly unit (fuel assembly, channel, grapple and mast) weighing
1500 lbs. falling a distance of 32.95 feet onto the core. The number of failed rods is
given as 156 rods for the Atrium 10 fuel assemblies. To conservatively address the issue
of lead fuel assemblies (whether in the reactor or in the spent fuel pool) radiological dose
results are included which assume that another Atrium 10 assembly representing a lead
use assembly (LUA) completely fails resulting in a total of 254.8 failed rods. Case 2
(equipment handling accident - EHA) assumes an object weighing 1100 lbs. is dropped
150 feet onto the core. The dropped assembly and the core are assumed to be
ATRIUM-10 fuel assemblies. The number of failed rods is given as 366 rods considering
the Atrium 10 fuel assemblies and 460.8 rods considering the case for Atrium
10 + 1 LUA. The extent of damage was calculated based on the free fall distance and the
resulting kinetic energy of the dropped assembly.

The key parameters used in the FHA analysis are discussed in Attachments 3 and 10.

The NRC approved computer code RADTRAD, endorsed by RG 1.183, is used to
calculate the dose to the Control Room operator as well as the doses at the EAB and LPZ.
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4.6.2 Source Term

The fission product inventory that constitutes the source term for this event is the gap
activity in the fuel pins assumed to be damaged as a result of the postulated design basis
FHA and EHA. A radial peaking factor of 1.6 and a 24-hour decay time after plant
shutdown is assumed in the analysis.

Of this activity, all of the noble gases and only a fraction of the iodine were available for
release (i.e., for the purpose of calculating radiological dose consequences) based on the
scrubbing effect (i.e., DF) of the water above the dropped fuel assembly.

Consistent with RG 1.183, an overall DF of 138 was calculated utilizing Technical Paper,
"Evaluation of Fission Product Release and Transport", G. Burley, 1971 (Reference 22)
for the released iodines, based on a minimum fuel pool water depth of 21' (TS B3.7.7).
An infinite DF was credited for the remaining particulate forms of the radionuclides
contained in the gap activity. Consequently, the remaining particulates are not
considered in the analysis. No DF credit was taken for the noble gas constituents of the
gap activity.

The activity in the fuel rod gap available for release from the damaged rods is defined in
RG 1.183, Section 3, Table 3 as:

8% I-131
10% Kr-85
5% Other Nobles Gases & Halogens
12% Alkali Metals

These release fractions have been determined to be acceptable for use with currently
approved LWR fuel with a peak burnup up to 62,000 MWD/MTU provided that the
maximum linear heat generation rate does not exceed 6.3 kw/ft peak rod average power
for burnups exceeding 54 GWD/MTU. The SSES extended burnup design - peak bundle
exposure is 54,000 MWD/MTU and the maximum fuel rod pressurization is < 1200 psig.

4.6.3 Mitigation

The analysis assumes a ground level release over a 2-hour period through the SGTS
(filtered). Under accident conditions, habitability for the CRHE is provided by the
Control Room Emergency Outside Air Supply System (CREOASS). This system
provides habitability zone isolation and a positive pressure for the CRHE. For this event,
the CRHE automatically isolates and enters the emergency mode in sequence with the
SGTS prior to commencement of the release of activity to environment.

Per SSES Units 1 & 2 Technical Specifications 3.7.3.4 and 5.5.7a, the Control Room
Emergency Outside Air System (CREOASS) filtered intake flow ranges from 5229 cfm to
6391 cfmn with positive pressure guaranteed at < 5810 cfm. RADTRAD runs were made at
5229 cfm and 6391 cfm and it was determined that the 6391 cfm was limiting.
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An unidentified unfiltered inleakage rate of 500 cfm is conservatively assumed in the
RADTRAD model. This inleakage bounds the tracer gas test results (including error band)
from the December 2004 SSES CRHE inleakage test.

In addition, 10 cfm of unfiltered inleakage is added to the CRHE to account for
ingress/egress of personnel.

4.6.4 Radiological Transport Modeling (see Figures 4 & 11)

The radiological release modeled in this analysis is consistent with RG 1.183.

The activity was released from the Reactor Building via the SGTS via the environment
over a 2 hour period.

The 0 - 2 hour CRHE X/Q from the SGTS exhaust vent to the Control Room outside air
intake of 1.45E-03 sec/M3 was used in the analysis.

4.6.5 Results '- 'C-ontrol Room Operator Dose'

The RADTRAD computer code was used to determine the Control Room operator dose
for the FHA/EHA events. Table 4.6-2 shows the proposed licensing basis dose limit for
the FHA/EHA compared to the regulatory limit.

Table 4.6-2
FHA/EHA Control Room Operator Dose (rem)

Calculation TEDE RG 1.183 TEDE
CR Operator Dose (EHA) 0.10 5.0
CR Operator Dose (EHA) 0.13 5.0

4.6.6 Results - Offsite Doses

The RADTRAD computer code was used to determine the offsite doses. Table 4.6-3
shows the proposed licensing basis dose limit for the FHALEHA compared to the
regulatory limit.

Table 4.6-3
FHA/EHA Offsite Doses (rem)

Calculation TEDE |RG 1.183 TEDE
FHA

EAB Dose 1.38 6.3
LPZ Dose 0.08 6.3

EHA
EAB Dose 1.74 6.3
LPZ Dose 0.10 6.3
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A Simplified Radiological Release M~del Developed to Calculate
FHA/EHA Doses Utilizing RADThA)

Figure 11:

Secondary
Containment

100 ft

2 Hour Release
1,000,000 cfm
99 % Filter efficiency | _

* ENVIRONMENT

I CRHE isolates for thisevent

Note:
1. The Reactor Building volume and the 1,000,000 cfm flow rate used in the RADTRAD model are arbitrary values

used to assure that 100% of the activity from the pool is released to the environment over the two hour period.
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4.6.7 Conclusions

The FHA/EHA Control Room operator dose is below the 5 rem TEDE regulatory limit
and each offsite dose is well below the 6.3 rem TEDE regulatory limit.

4.6.8 Summary of Calculation Conservatisms

* 500 cfm (not including 10 cfm from ingress/egress) of unidentified unfiltered
inleakage is conservatively assumed in the RADTRAD model. This inleakage
bounds the tracer gas test results (including error band) from the December
2004 SSES CRHE inleakage test.

* Additional noble gases not included in the standard list of the RADTRAD 60
isotopes were included in the analysis.

* Additional fuel failures associated with one lead use assembly.

4.7 Miscellaneous Issues

4.7.1 Use of Standby Liquid Control (SLC) System

This section provides the basis for crediting boron injection from the SLC system for
suppression pool pH control. The maintenance of a suppression pool pH level above 7.0
is important to prevent re-evolution of iodine from the suppression pool water. The use
of SLC is consistent with several other BWR submittals using AST methods.

The SLC system consists of two 100% capacity positive displacement triplex type
(3-piston) injection pumps which when operating together are capable of delivering
sodium pentaborate to the reactor vessel to meet 10 CFR 50.62 requirements, two 100%
capacity explosive actuated injection valves, one storage tank, one test tank, and the
piping, valves, instrumentation and controls necessary to inject the solution into the
reactor and to test the SLC system. All equipment in the SLC system which comes in
contact with the neutron absorbing solution is stainless steel for corrosion protection.

The SLC system is an independent and diverse backup system to the Control Rod Drive
(CRD) System. The SLC system shuts down the reactor by injecting a neutron absorbing
solution into the reactor coolant, which is circulated through the core. The neutron
absorber used in the SLC system is an aqueous solution of sodium pentaborate

ahyrate, Na2BI0016*10H20. Sufficient solution is injected to bring the reactor from
,laxim m rated power conditions to cold subcritical over the entire reactor temperature
rnge, from maximum operating to cold shutdown conditions. The SLC system is not
equired to scram the reactor, or to serve as a backup scram system.
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The SLC System is listed as a Nuclear Steam Supply System. Based on the PPL SSES
Final Safety Analysis Report (FSAR) (Reference 24), Section 9.3.5, the SLC system is
identified as a safe shutdown system having a safety-related classification. Safety-related
systems provide the actions necessary to assure safe shutdown of the reactor, to protect
the integrity of radioactive material barriers, and/or to prevent the release of radioactive
material in excess of allowable dose limits. Safe shutdown of the reactor is classified as a
nuclear safety function, and thus, the SLC system is classified as having a safety-related
function.

However, the system fails to meet all the requirements of a safety-related system in that
the SLC system is not designed for the single active component failure criteria.
Therefore, a failure of a critical component would prevent the system from controlling
suppression pool liquid pH by using the buffering action of boron injected to the
suppression pool from the SLC system (via the reactor vessel). The success of the SLC
system is necessary in order to take credit for this pH control function and prevention of
iodine re-evolution.

-.... In February 2004, the NRC'issued review guidelines, Guidance on the' Assessment of a
BWR SLC System for pH Control" (Reference 25), for assessing the acceptability of a
BWR SLC system for pH control. These guidelines have been the basis of several recent
Requests for Additional Information (RAIs). PPL has evaluated the SLC system against
these guidelines. The assessment is provided in Attachment 10, Calculation
EC-053-1012, "Assessment of SLC System for Suppression Pool pH Control." Based on
the response in the calculation, SSES satisfies the criteria for the acceptability of the SLC
system for pH control.

No hardware changes are necessary to use SLC in this new functional mode. However, a
change to the SLC TS is proposed in this LAR to require that two SLC subsystems shall
be operable in Modes 1, 2, and 3 (see Attachment 5). This proposed TS change supports
the SLC function as credited in the AST LOCA analysis.

4.7.2 Operator Actions

There are new manual operator actions proposed as part of this LAR that are not
currently considered in the SSES design basis and must be directed by new station
procedures that will be written and approved before SSES AST implementation. The
operator action assumed in the proposed AST dose consequence analyses is the initiation
of the SLC system for boron injection to maintain the suppression pool water pH above
7.0, precluding iodine re-evolution. TS Sections 3.1.7, "Standby Liquid Control (SLC)
System" and 3.3.6.1, "Primary Containment Isolation Instrumentation" and their Bases
were also revised to address this change in the SLC system requirements (see
Attachments 5 through 7).
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4.7.3 NUREG-0737

The guidance provided in Regulatory Positions 4.1 and 4.2 of RG 1.183 was utilized, as
applicable, in re-assessing the radiological analyses identified in Regulatory Position
1.3.1 of RG 1.183 (Reference 2), concerning NUREG-0737 (Ref. 5).

The acceptance criteria for the various NUREG-0737 items generally reference General
Design Criteria 19 (GDC 19) from Appendix A to 10 CFR Part 50 or specify criteria
derived from GDC-19. These criteria are generally specified in terms of whole body
dose, or its equivalent to any body organ.

An evaluation (EC-RADN-1 134, "Impact of AST on Current NUREG-0737 Radiological
Evaluations that use TID-14844 DBA-LOCA Releases", Revision 0 - see Reference 35
Attachment 2 and Attachment 10 for a copy of the calculation) was performed to identify
potential impacts of applying AST methodologies in accordance with NUREG-0737.
The evaluation considered the comparative radiation levels from an AST at current
licensed power and the existing TID-14844 methodology source terms (such as airborne
activity mi the Reactor Bulding and also as activity in the suppression pool water). The
evaluation demonstrates that the current calculated doses (based on TID-14844 source
terms) bound the doses that would be calculated based on AST source terms. The
following NUREG-0737 Sections were investigated for AST impact:

* The current radiological dose analyses for post-accident vital area access and
post-accident sampling (NUREG-0737, Item II.B.2 and Item II.B.3).

* The current radiological dose analyses for the post-accident containment high
range radiation monitors (NUREG-0737, Item ll.F.1).

* The Control Room post-accident radiological dose analyses for emergency
support facility upgrades and Control Room habitability (NUREG-0737, Items
Ill.A.1.2 and Ifl.D.3.4).

* The post-accident sources of radiation and radioactivity outside the primary
containment in terms of impact on dose analysis related to integrity of systems
outside containment likely to contain radioactive material (NUREG-0737,
Item M.D.1.1).

Item II.B.2 (Post Accident Access Shielding)/ Item ll.B.3 (Post Accident Sampling
Capability)

Post Accident Vital Area Access and Sampling - Post-accident personnel missions
resulting in mission doses (including post-accident sampling) have been previously
identified. The implementation of the AST methodology does not result in any new
operator missions. Plant calculations used in support of plant post-accident vital area
access (prepared in accordance with NUREG-0737, Items II.B.2 and ll.B.3) were
evaluated for impact by AST. The evaluated mission doses would be less than 5 rem
TEDE.
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Item II.F. 1 (Accident Monitoring Instrumentation)

Post-Accident Radiation Monitor - The containment high range radiation monitors used
to monitor post-accident primary containment radiation levels were evaluated for the
impact of AST. The monitors continue to provide their design function and envelope the
projected radiation rates.

Item III.A. 1.2 (Emergency Response Facilities)

On-Site Emergency Centers

The Control Room is the primary location for the initial assessment and coordination of
corrective actions for all emergency conditions. The Control Room is equipped with the
display and controls for all critical plant systems, radiological and meteorological
monitoring systems, and all station communication systems.

Off-site emergency functions initially served by the Control Room are transferred to the
Technical Support Center (TSC) or Emergency Operations Facility (EOF) for an Alert, a
Site Area Emergency, or a General Emergency as deemed appropriate by the Emergency
Director. The primary consideration is to ensure that the number of personnel involved
with the emergency in the Control Room shall not impair the safe and orderly shutdown
of the reactor or the operation of plant safety systems.

The Operations Support Center (OSC) is the primary on-site assembly area for operations
support team personnel during an emergency. There are two OSC areas (1) a primary
OSC located separate from the Control Room and TSC and a backup OSC located in the
Control Structure. The primary OSC is located on the first floor of the South
Administrative Building. The backup OSC occupies 340 square feet adjacent to the
Control Room on elevation 729'-1" of the Control Structure.

The OSC is utilized initially as the central location for assembly and accountability of on-
shift emergency team personnel. If or when the TSC is activated, all non-operations
support team personnel assemble and are accounted for in the OSC (or TSC if the backup
OSC is being utilized). TSC personnel assess the need for emergency team personnel and
based on this assessment, the OSC dispatches available team personnel and calls in
additional personnel as needed. The OSC and TSC assembly areas will be monitored
continuously for habitability. If these areas become uninhabitable, retained personnel
will be directed to alternate holding areas.

The primary OSC is monitored for radiation exposure using a local area radiation monitor
(ARM) and a continuous air monitor (CAM). The radiation dose will be limited to less
than 5 rem TEDE, at which time the primary OSC will be relocated to the backup OSC.
Applicable criteria are specified in General Design Criterion 19, Standard Review Plan
NUREG-0800, Section 6.4, 10 CFR 50.67, and NUREG-0737, Item II.B.2. The current
licensing basis for the habitability of the primary OSC remains valid. Based on the
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overall reduction in Control Room operator dose due to AST methodology, the use of a
local ARM and CAM, and the ability to evacuate the primary OSC, an updated
quantitative assessment of the primary OSC dose based on the AST source term was not
performed.

A backup OSC area exists in the Control Structure and would be used in the event the
primary OSC becomes uninhabitable. Backup OSC personnel are protected from
radiological hazards, including direct shine and airborne activities for postulated
accident conditions to the same degree as Control Room personnel. Applicable criteria
are specified in General Design Criterion 19, Standard Review Plan NUREG-0800,
Section 6.4, 10 CFR 50.67, and NUREG-0737, Item ll.B.2. Therefore, current
licensing basis for the habitability of the backup OSC remains valid and an updated
quantitative assessment of the backup OSC dose based on the AST source term was
not performed. Based on the analysis performed for the DBA LOCA, limited access
control shall be required along the east wall of the OCS due to shine from core spray
piping located in the adjacent RB. Personnel exposure in Room C-402 shall be limited
to < 0.738 rem TEDE for the duration of the accident. This is accomplished by

..... ..... ...... .. .... .... ... ........ .. 1.. ..... ...... .... . .. .... .. ... .. ... ...- ..... .... . .-.... . .

designating an area 5' from the CRHE east wall as a limited entry zone. Emergency
Plan station procedures shall be revised to address OSC access control prior to AST
implementation (see Attachment 8, Item 1).

The TSC is a controlled access area that provides working space and facilities for
approximately 25 personnel. These personnel provide guidance to plant operations
personnel for management of emergency conditions and accident mitigation. The TSC is
located in the existing Control Room mezzanine above the Control Room at elevation
741'-1" of the Control Structure. The TSC is within approximately two minutes travel
time of the Control Room by stairs.

TSC personnel are protected from radiological hazards, including direct shine and
airborne activities for postulated accident conditions to the same degree as Control Room
personnel. Applicable criteria are specified in General Design Criterion 19, Standard
Review Plan NUREG-0800, Section 6.4, 10 CFR 50.67, and NUREG-0737, Item II.B.2.

Shielding for the TSC is the same as for the Control Room for total dose to occupants
from direct shine and airborne. Exposure will not exceed 5 rem TEDE for the duration
of the accident. This is in accordance with General Design Criterion 19, Standard
Review Plan NUREG-0800, Section 6.4, 10 CFR 50.67, and NUREG-0737,
Item II.B.2. Therefore, current licensing basis for the habitability of the backup OSC
remains valid and an updated quantitative assessment of the backup OSC dose based
on the AST source term was not performed. Based on the analysis performed for the
DBA LOCA, limited access control shall be required along the east wall of the TSC
due to shine from core spray piping located in the adjacent RB. Personnel exposure in
NRC Conference Room (room C-414) and the Electrical Room (room C-413) shall be
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limited to < 0.738 rem TEDE for the duration of the accident. This is accomplished by
designating an area 5' from the CRHE east wall as a limited entry zone. Emergency
Plan station procedures shall be revised to address TSC access control prior to AST
implementation (see Attachment 8, Item 1).

Off-Site Emergency Center

The Emergency Operations Facility (EOF) provides continuous management of PPL
activities during radiological emergencies that may have off-site impact. The EOF is
located at a distance greater than 10 miles from the site. Exposure will not exceed 5 rem
TEDE for the duration of the accident. This is in accordance with General Design
Criterion 19, Standard Review Plan NUREG-0800, Section 6.4, 10 CFR 50.67, and
NUREG-0737, Item ll.B.2. Therefore, current licensing basis for the habitability of the
EOF remains valid and an updated quantitative assessment of the EOF dose based on the
AST source term was not performed.

Item III.D.3.4 (Control Room Habitability Requirements)
..... .. .... ........ .. ...- . ... .... .... ..... ..... . . ....... ... . ... ...... . . . . . . . . . . . 1 . .. . . . . . . . . ..... ... . . . . . . . . ....... .I . .. . .. . . . . . - - . . . . . . .I - . . . . . . . . . . . . . . . .

Control Room Radiation Protection - The resultant doses to the Control Room for
each of the four DBAs analyzed for AST have been determined. In each case, the
Control Room dose is less than 5 rem TEDE. Based on the analysis performed for the
DBA LOCA, limited access control shall be required along the east wall of the Control
Room due to shine from core spray piping located in the adjacent RB. Personnel
exposure in the Office (Room C-401) and the Operational Support Center
(Room C-402) shall be limited to ' 0.738 rem TEDE for the duration of the accident.
This is accomplished by designating an area 5' from the CRHE east wall as a limited
entry zone. Emergency Plan station procedures shall be revised to address OSC access
control prior to AST implementation (see Attachment 8, Item 1).

Item III.D. 1.1 (Leakage Control)

Radioactive Sources Outside the Primary Containment - The DBA LOCA Control Room
dose analysis, as well as that for offsite doses, considers the effects of coolant leakage
outside the primary containment and (for the Control Room and TSC dose analyses only)
the shine contribution from the Reactor Building, ECCS piping, the external cloud, and
other source term bearing systems and/or components.

4.7.4 Equipment Qualification

The source term associated with environmental qualification of equipment will remain
consistent with previous commitments under 10 CFR 50.49. As stated in the cover letter
to this submittal, the SSES application to implement the AST methodology is requested
with one exception. That exception is TID-14844, "Calculation of Distance Factors for
Power and Test Reactor Sites," will continue to be used as the radiation dose basis for
equipment qualification.
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5.0 REGULATORY SAFETY ANALYSIS (10 CFR 50.92 Evaluation)

The 10 CFR 50.92 Evaluation is included as Attachment 9 of this submittal.

6.0 ENVIRONMENTAL CONSIDERATIONS (10 CFR 50.21 Evaluation)

The 10 CFR 50.21 Evaluation is included as Attachment 9 of this submittal.
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Regulatory Guide 1.183 Compliance

Regulatory Guide 1.183 Sections 3 through 7 and Appendices A, B, C and D provide methodologies and assumptions that are acceptable to the NRC staff related to
design basis radiological analyses for Alternate Source Term. Compliance with Regulatory Guide 1.183 positions are discussed below:

Please note: the information provided in this table is based on the calculations provided in Attachment 10.

RG 1.183 Regulatory Guide 1.183 Position Basis of Compliance
Section

3. ACCIDENT SOURCE TERM Conforms

This section provides an AST that is acceptable to the NRC staff. The data in Regulatory Positions Accident source terms were developed based
3.2 through 3.5 are fundamental to the definition of an AST. Once approved, the AST assumptions on the guidance of Section 3 of RG 1.183.
or parameters specified in these positions become part of the facility's design basis. Deviations
from this guidance must be evaluated against Regulatory Position 2. After the NRC staff has
approved an implementation of an AST, subsequent changes to the AST will require NRC staff
review under 10 CFR 50.67.

3.1 Fission Product Inventory Conforms

The inventory of fission products in the reactor core and available for release to the containment The inventory of fission products in the reactor
should be based on the maximum full power operation of the core with, as a minimum, current core and available for release to the
licensed values for fuel enrichment, fuel burnup, and an assumed core power equal to the current containment was based on the maximum full
licensed rated thermal power times the ECCS evaluation uncertainty. Note: the uncertainty factor power operation of the core with proposed
used in determining the core inventory should be that value provided in Appendix K to 10 CFR extended power values for fuel enrichment, fuel
Part 50, typically 1.02. The period of irradiation should be of sufficient duration to allow the burnup, and an assumed core power equal to
activity of dose-significant radionuclides to reach equilibrium or to reach maximum values. Note the proposed extended rated thermal power
that some radionuclides, such as Cs-137, equilibrium will not be reached prior to fuel offload. Thus, (core thermal power of 4032 MWt [102%
the maximum inventory at the end of life should be used. The core inventory should be determined (ECCS evaluation uncertainty) of 3952 MWtI,
using an appropriate isotope generation and depletion computer code such as ORIGEN 2 (Ref. 17) which corresponds to an average fuel assembly
or ORIGEN-ARP (Ref. 18). Core inventory factors (Ci/MWt) provided in TID14844 and used in power of 5.28 MWt. The fission product
some analysis computer codes were derived for low burnup, low enrichment fuel and should not be source terms calculated are slightly
used with higher burnup and higher enrichment fuels. conservative (-2%) because the uranium mass

assumed is higher than the actual ATRIUM-10
assembly mass.
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For the DBA LOCA, all fuel assemblies in the core are assumed to be affected and the core average The maximum inventory at the end of life was
inventory should be used. For DBA events that do not involve the entire core, the fission product used. The core inventory was determined
inventory of each of the damaged fuel rods is determined by dividing the total core inventory by the utilizing a version of the ORIGEN code
number of fuel rods in the core. To account for differences in power level across the core, radial (SAS2HIORIGIN-S) to generate the source
peaking factors from the facility's core operating limits report (COLR) or Technical Specifications terms for the ATRIUM-10 fuel. The
should be applied in determining the inventory of the damaged rods. SAS2HIORIGIN-S code comprises an

advances version of ORIGIN, and is consistent
No adjustment to the fission product inventory should be made for events postulated to occur during with the source term code recommendations
power operations at less than full rated power or those postulated to occur at the beginning of core given by the USNRC for generation of
life. For events postulated to occur while the facility is shutdown, e.g., a fuel handling accident, alternate source terms in RG 1.183.
radioactive decay from the time of shutdown may be modeled.

3.2 Release Fractions Conforms

Note: the release fractions listed here have been determined to be acceptable for use with currently For the LOCA event, the core inventory release
approved LWR fuel with a peak burnup of 62,000 MWD/MTU. The data in this section may not be fractions, by radionuclide groups, for the gap
applicable to cores containing mixed oxide (MOX) fuel. release and early in-vessel damage phases in

Table 1 were utilized.
The core inventory release fractions, by radionuclide groups, for the gap release and early in-vessel For non-LOCA events the fraction of the core
damage phases for DBA LOCAs are listed in Table 1 for BWRs. These fractions are applied to the i a
equilibrium core inventory described in Regulatory Position 3.1. inuclide group in be 3 wee uize in

For non-LOCA events, the fractions of the core inventory assumed to be in the gap for the various conjunction with the maximum core radial
radionuclides are given in Table 3. The release fractions from Table 3 are used in conjunction with peaking factor. The CRDA was evaluated per
the fission product inventory calculated with the maximum core radial peaking factor. Note 11 of RG 1.183 (the gap fractions are

assumed to be 10% for iodines and noble
Table 1 gases).

BWR Core Inventory Fraction Per Siemens Power Corporation
Released Into Containment EMF-85-74(P)(A), "RODEX2A (BWR) Fuel

Gap Early Rod Thermal-Mechanical Evaluation Model,"
Release In-vessel :February 1088, including Supplement, 1(P)(A)

Group Phase Phase Total and Supplement 2(P)(A) (Reference 13), the
Noble Gases 0.05 0.95 1.0
Halogens 0.05 0.25 0.3 NRC approved licensing for ATRIUM-10 fuel
Alkali Metals 0.05 0.20 0.25 is 62,000 MWD/MTU for extended burnup
Tellurium Metals 0.00 0.05 0.05 .design - peak fuel rod exposure and 54,000
Ba, Sr 0.00 0.02 0.02 . MWD/MTU for extended burnup design - peak
NobleMetals 0.00 0.0025 0.0025 bundle exposure. Thus, the requirement
Cerium Group 0.00 0.0005 0.0005 concerning the maximum linear heat generation
Lanthanides 000 00002 rate not exceeding 6.3 kw/ft peak rod average

power does not apply.
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For non-LOCA events, the fractions of the core inventory assumed to be in the gap for the various
radionuclides are given in Table 3. The release fractions from Table 3 are used in conjunction with
the fission product inventory calculated with the maximum core radial peaking factor.

Table 3
Non-LOCA Fraction of Fission Product Inventory In GaP

Group Fraction
I-131 0.08
Kr-85 0.10
Other Noble Gases 0.05
Other Halogens 0.05
Alkali Metals 0.12

Note: Table 3 release fractions listed here have been determined to be acceptable for use with
currently approved LWR fuel with a peak burnup up to 62,000 MWD/MTU provided that the
maximum linear heat generation rate does not exceed 6.3 kw/ft peak rod average power for burnups
exceeding 54 GWD/MTU. As an alternative, fission gas release calculations performed using NRC
approved methodologies may be considered on a case-by-case basis. To be acceptable, these
calculations must use a projected power history that will bound the limiting projected plant-specific
power history for the specific fuel load. For the BWR rod drop accident and the PWR rod ejection
accident, the gap fractions are assumed to be 10% for iodines and noble gases.

+

3.3 Timing of Release Phases

Table 4 tabulates the onset and duration of each sequential release phase for DBA LOCAs at BWRs.
The specified onset is the time following the initiation of the accident (i.e., time 0). The early
in-vessel phase immediately follows the gap release phase. The activity released from the core
during each release phase should be modeled as increasing in a linear fashion over the duration of
the phase. For non-LOCA DBAs in which fuel damage is projected, the release from the fuel gap
and the fuel pellet should be assumed to occur instantaneously with the onset of the projected
damage.

Conforms

Table 4 onset and duration of each sequential
release phase for the DBA LOCA were utilized
in the analysis in a linear manner.
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Phase
Gap Release
Early In-Vessel

Table 4
LOCA Release Phases

Onset Dul
2 min 0.'
0.5 hr 1.L

ration
5 hr
5 hr

i,

In lieu of treating the release in a linear ramp manner, the activity for each phase can be modeled as
being released instantaneously at the start of that release phase, i.e., in step increases.

For facilities licensed with leak-before-break methodology, the onset of the gap release phase may
be assumed to be 10 minutes. A licensee may propose an alternative time for the onset of the gap
release phase, based on facility-specific calculations using suitable analysis codes or on an accepted
topical report shown to be applicable to the specific facility. In the absence of approved
alternatives, the gap release phase onsets in Table 4 should be used.

3.4 Radionuclide Composition

Table 5 lists the elements
analyses.

Conforms

Table 5 elements in each radionuclide group
were utilized in design basis analyses.

a in each radionuclide group that should be considered in design basis

Table 5
Radionuclide Groups

I
I

I
I

Group
Noble Gases
FHalogens
Alkali Metals
Tellurium Group
Noble Metals
Lanthanides

Elements
Xe, Kr
1, Br
Cs, Rb
Te, Sb, Se, Ba, Sr .
Ru, Rh, Pd, Mo, Tc-, Co
La, Zr, Nd, Eu, Nb, Pm, Pr
Sm, Y. Cm, Am

Cerium Ce. Pu. No

3.5 Chemical Form Conforms

Of tereactor coolant system (RCS) to the contaiment in a Of the radioiodines released from the reactorOfthe radioiodines released from the coolant csystemsysRC ()Cto thehecontainment in
postulated accident, 95 percent of the iodine released should be assumed to be cesium iodide (CsI),
4.85 percent elemental iodine, and 0.15 percent organic iodide. This includes releases from the gap postulated accident, 95 percent of the iodine
and the fuel pellets. With the exception of elemental and organic iodine and noble gases, fission released was assumed to be cesium iodide
products should be assumed to be in particulate form. The same chemical form is assumed in (CsI), 4.85 percent elemental iodine, and 0.15
releases from fuel pins in FHAs and from releases from the fuel pins through thqRCS in DBAs percent organic iodide.
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other than FHAs or LOCAs. However, the transport of these iodine species following release from With the exception of elemental and organic
the fuel may affect these assumed fractions. The accident-specific appendices to this regulatory
guide provide additional details. iodine and noble gases, fission products were

assumed to be in particulate form. The same
chemical form was assumed in releases from
fuel pins in FHAs and from releases from the
fuel pins through the RCS in DBAs other than
FHAs or LOCAs.

3.6 Fuel Damage in Non-LOCA DBAs Conforms

The amount of fuel damage caused by non-The amount of fuel damage caused by non-LOCA design basis events should be analyzed to design bs ev was anled to
determine, for the case resulting in the highest radioactivity release, the fraction of the fuel that de sin base eveng in the t
reaches or exceeds the initiation temperature of fuel melt and the fraction of fuel elements for which determine, for the case resulting in the highest
the fuel clad is breached. Although the NRC staff has traditionally relied upon the departure from radioactivity release, the fraction of the fuel
nucleate boiling ratio (DNBR) as a fuel damage criterion, licensees may propose other methods to that reaches or exceeds the initiationtemperature of fuel melt and the fraction of fuelthe NRC staff, such as those based upon enthalpy deposition, for estimating fuel damage for the

Z ,. ,elements for which the fuel clad is breached.purpose of establishing radioactivity releases.
, * The Recirculation Pump Seizure event is not

included in this LAR and will be submitted as aThe amount of fuel damage caused by a FHA is addressed in Appendix B of this guide. separaedocmet at a la de.~ ~ separate document at a later date.

4.0 DOSE CALCULATION METHODOLOGY Conforms

The DBA analyses, based on ASTs, utilized the
The NRC staff has determined that there is an implied synergy between the ASTs and total effective dose calculation methodology of Section 4 of
dose equivalent (TEDE) criteria, and between the TID-14844 source terms and the whole body and RG 1.183.
thyroid dose criteria, and therefore, they do not expect to allow the TEDE criteria to be used with
TID- 14844 calculated results. The guidance of this section applies to all dose calculations
performed with an AST pursuant to 10 CFR 50.67. Certain selective implementations may not
require dose calculations as described in Regulatory Position 1.3 of this guide.

4.1 Offsite Dose Consequences Conforms

The dose calculation methodology ofThe following assumptions should be used in determining the TEDE for persons located at or Section 4.1 of RG 1.183 was utilized to
beyond the boundary of the exclusion area (EAB): caculat the offst dose coseuences

_ - calculate the offsite dose consequences.
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4.1.1 The dose calculations should determine the TEDE. TEDE is the sum of the committed effective Conforms
dose equivalent (CEDE) from inhalation and the deep dose equivalent (DDE) from external
exposure. The calculation of these two components of the TEDE should consider all radionuclides, incluinng p ny
including progeny from the decay of parent radionuclides that are significant with regard to dose consider all radionuclides, including progeny

consquecesand he elesedradiactvit. 'from they decay of parent radionuclides that are

Note: The prior practice of basing inhalation exposure on only radioiodine and not including
radioiodine in external exposure calculations is not consistent with the definition of TEDE and the
characteristics of the revised source term.

4.1.2 The exposure-to-CEDE factors for inhalation of radioactive material should be derived from the Conforms
data provided in ICRP Publication 30, "Limits for Intakes of Radionuclides by Workers" (Ref. 19). Conversion factors for isotopes other than the
Table 2.1 of Federal Guidance Report 1l, "Limiting Values of Radionuclide Intake and Air
Concentration and Dose Conversion Factors for Inhalation, Submersion, and Ingestion" (Ref. 20), standard 60 isotopes of the RADTRAD
provides tables of conversion factors acceptable to the NRC staff. The factors in the column headed computer program (default FOR l1 files) were
"effective" yield doses corresponding to the CEDE. taken from Table 2.1 of Federal Guidance

Report I 1, "Limiting Values of Radionuclide
Intake and Air Concentration and Dose
Conversion Factors for Inhalation, Submersion,
and Ingestion."

4.1.3 For the first 8 hours, the breathing rate of persons offsite should be assumed to be 3.5 x 104 cubic Conforms
meters per second. From 8 to 24 hours following the accident, the breathing rate. should be assumed
to be 1.8 x 10b cubic meters per second. After that and until the end of the accident, the rate should 1.183 re utied to caculat the of
be assumed to be 2.3 x 10 cubic meters per second.

dose consequences.

4.1.4 The DDE should be calculated assuming submergence in semi-infinite cloud assumptions with Conforms
appropriate credit for attenuation by body tissue. The DDE is nominally equivalent to the effective
dose equivalent (EDE) from external exposure if the whole body is irradiated uniformly. Since this sondard 60 isotopes of the R TA
is a reasonable assumption for submergence exposure situations, EDE may be used in lieu of DDE
in determining the contribution of external dose to the TEDE. Table III.1 of Federal Guidance computer program (default FOR 12 files) weretaken from Table III.1I of Federal Guidance
Report 12, "External Exposure to Radionuclides in Air, Water, and Soil" (Ref. 211), provides Repor 12, Tal osure to
external EDE conversion factors acceptable to the NRC staff. The factors in the column headed Raporuclie i rter , andoSoil."
"effective" yield doses corresponding to the EDE.
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4.1.5 The TEDE should be determined for the most limiting person at the EAB. The maximum EAB
TEDE for any two-hour period following the start of the radioactivity release should be determined
and used in determining compliance with the dose criteria in 10 CFR 50.67. The maximum two-
hour TEDE should be determined by calculating the postulated dose for a series of small time
increments and performing a "sliding" sum over the increments for successive two-hour periods.
The maximum TEDE obtained is submitted. The time increments should appropriately reflect the
progression of the accident to capture the peak dose interval between the start of the event and the
end of radioactivity release (see also Table 6).

Conforms

The TEDE was determined for the most
limiting person at the EAB. The maximum
two-hour TEDE was determined by calculating
the postulated dose for a series of small time
increments and performing a "sliding" sum
over the increments for successive two-hour
periods.

Note: With regard to the EAB TEDE, the maximum two-hour value is the basis for screening and
evaluation under 10 CFR 50.59. Changes to doses outside of the two-hour window are only
considered in the context of their impact on the maximum two-hour EAB TEDE.

4.1.6 TEDE should be determined for the most limiting receptor at the outer boundary of the low Conforms
population zone (LPZ) and should be used in determining compliance with the dose criteria in The TEDE was determined for the most

0 Climiting receptor at the outer boundary of the
low population zone (LPZ).

4.1.7 No correction should be made for depletion of the effluent plume by deposition on the ground. Conforms

No correction was made for depletion of the
effluent plume by deposition on the ground.

4.2 Control Room Dose Consequences Conforms

The DBA analyses utilized the guidance of
The following guidance should be used in determining the TEDE for persons located in the Control Section 4.2 of RG 1.183 to determining the
Room: TEDE for persons located in the Control Room.

4.2.1 The TEDE analysis should consider all sources of radiation that will cause exposure to Control Conforms
Room personnel. The applicable sources will vary from facility to facility, but typically will include:

The TEDE analysis considered all significant
sources of radiation that will cause exposure to

* Contamination of the Control Room atmosphere by the intake or infiltration of the radioactive Control Room personnel.
material contained in the radioactive plume released from the facility.
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_ * Contamination of the Control Room atmosphere by the intake or infiltration of airborne
radioactive material from areas and structures adjacent to the Control Room envelope.

* Radiation shine from the external radioactive plume released from the facility.

. Radiation shine from radioactive material in the reactor containment.

* Radiation shine from radioactive material in systems and components inside or external to the
Control Room envelope, e.g., radioactive material buildup in recirculation filters.

4.2.2 The radioactive material releases and radiation levels used in the Control Room dose analysis Conforms
should be determined using the same source term, transport, and release assumptions used for The radioactive material releases and radiation
determining the EAB and the LPZ TEDE values, unless these assumptions would result in levels used in the Control Room dose analysis
non-conservative results for the Control Room. were determined using the same source term,

transport, and release assumptions used for
determining the EAB and the LPZ TEDE
values as appropriate.

4.2.3 The models used to transport radioactive material into and through the Control Room, and the Conforms
shielding models used to determine radiation dose rates from external sources, should be structured
to provide suitably conservative estimates of the exposure to Control Room personnel. The models used to transport radioactive

material into and through the Control Room,

The iodine protection factor (IPF) methodology of Reference 22 may not be adequately conservative and the shielding models used to determineradiation dose rates from external sources, were
for all DBAs and Control Room arrangements since it models a steady-state Control Room developed to provide suitably conservative
condition. Since many analysis parameters change over the duration of the event, the IPF es esof th posure to controltRoo
methodology should only be used with caution. The NRC computer codes HABIT (Ref. 23) and esonnel.
RADTRAD (Ref. 24) incorporate suitable methodologies.

4.2.4 Credit for engineered safety features that mitigate airborne radioactive material within the Control Conforms
Room may be assumed. Such features may include Control Room isolation or pressurization, or
intake or recirculation filtration. Refer to Section 6.5.1, "ESF Atmospheric Cleanup System," of the Credit for engineered safety features that
SRP (Ref. 3) and Regulatory Guide 1.52, "Design, Testing, and Maintenance Criteria for Post- mitigate airborne radioactive material within
accident Engineered-Safety-Feature Atmosphere Cleanup System Air Filtration and Adsorption the Control Room were assumed (but only
Units of Light-Water-Cooled Nuclear Power Plants" (Ref. 25), for guidance. The Control Room when a signal would automatically initiate the
design is often optimized for the DBA LOCA and the protection afforded for other accident component/system), but based on conservative
sequences may not be as advantageous. In most designs, Control Room isolation is actuated by assumptions that increased the dose to the
engineered safeguards feature (ESF) signals or radiation monitors (RMs). In sombe cases, the ESF operator. Credit for engineered safety features
signal is effective only for selected accidents, placing reliance on the RMs for the remaining varied for each of the analyzed DBAs.
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accidents. Several aspects of RMs can delay the Control Room isolation, including the delay for
activity to build up to concentrations equivalent to the alarm setpoint and the effects of different
radionuclide accident isotopic mixes on monitor response.

4.2.5 Credit should generally not be taken for the use of personal protective equipment or prophylactic Conforms
drugs. Deviations may be considered on a case-by-case basis.

Credit was not taken for the use of personal
protective equipment or prophylactic drugs.

4.2.6 The dose receptor for these analyses is the hypothetical maximum exposed individual who is present Conforms
in the Control Room for 100% of the time during the first 24 hours after the event, 60% of the time
between I and 4 days, and 40% of the time from 4 days to 30 days. For the duration of the event, Occupancy facton bre rte o

~ cuic eter pe secnd.RG 1. 183, Section 4.2.6 were utilized tothe breathing rate of this individual should be assumed to be 3.5 x 10 cubic meters per second.determine the doses to the hypothetical

Note: This occupancy is modeled in the X/Q values determined in Reference 22 and should not be maximum exposed individual who is present in
credited twice. The ARCON96 Code (Ref. 26) does not incorporate these occupancy assumptions, the Control Room.
making it necessary to apply this correction in the dose calculations. Control Roon. X/Q values were determined

utilizing the ARCON96 computer code or
approved methodologies to calculate puff
releases. Occupancy factors were included in
the RADTRAD computer code for dose
evaluations.

4.2.7 Control Room doses should be calculated using dose conversion factors identified in Regulatory Conforms
Position 4.1 above for use in offsite dose analyses. The DDE from photons mayl be corrected for the The DDE from photons was corrected for the
difference between finite cloud geometry in the Control Room and the semi-infinite cloud
assumption used in calculating the dose conversion factors. The following expression may be used ControlRo an te smift loud
to correct the semi-infinite cloud dose, DDE., to a finite cloud dose, DDEfir,,, where the Control Control Room and the semi-cingiite cloud
Room is modeled as a hemisphere that has a volume, V, in cubic feet, equivalent to that of the conversion fatr by Equatin t ase

Contol Rom (ef. 2).conversion factors by Equation I as necessary.Control Room (Ref. 22).

DDE finite = DV 3 8 Equation I
1173
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4.3 Other Dose Consequences Conforms

The guidance provided in Regulatory Positions
The guidance provided in Regulatory Positions 4.1 and 4.2 should be used, as applicable, in re- 4.1 and 4.2 was used, as applicable, in re-
assessing the radiological analyses identified in Regulatory Position 1.3.1, such is those in
NUREG-0737 (Ref. 2). Design envelope source terms provided in NUREG-0737 should be updated assessing the radiological analyses identified in
for consistency with the AST. In general, radiation exposures to plant personnel identified in Regulatory Position 1.3.1, such as those in
Regulatory Position 1.3.1 should be expressed in terms of TEDE. Integrated radiation exposure of NUREG-0737.
plant equipment should be determined using the guidance of Appendix I of this guide. Exception - The TID- 14844 source term will

continue to be used as the basis for the
equipment qualification program.

4.4 Acceptance Criteria Conforms

The DBAs were updated for consistency with
The radiological criteria for the EAB, the outer boundary of the LPZ, and for the Control Room are The DE ceri in 10 cFR with
in 10 CFR 50.67. These criteria are stated for evaluating reactor accidents of exceedingly low
probability of occurrence and low risk of public exposure to radiation, e.g., a large-break LOCA.
The Control Room criterion applies to all accidents. For events with a higher pr6bability of
occurrence, postulated EAB and LPZ doses should not exceed the criteria tabulated in Table 6.

The acceptance criteria for the various NUREG-0737 (Ref. 2) items generally reference General
Design Criteria 19 (GDC 19) from Appendix A to 10 CFR Part 50 or specify criteria derived from
GDC-19. These criteria are generally specified in terms of whole body dose, or its equivalent to any
body organ. For facilities applying for, or having received, approval for the use of an AST, the
applicable criteria should be updated for consistency with the TEDE criterion in
10 CFR 50.67(b)(2)(iii).

Table 6
Accident Dose Criteria

AB and LPZ
Accident or Case Dose Criteria Analysis Release Duration

LOCA 25 rem TEDE 30 days for containment, ECCS,
and MSIV (BWR) leakage

BWR Main Steam Line Break Instantaneous puff
Fuel Damage or Pre-incident Spike 25 rem TEDE

_ Equilibrium Iodine Activity 2.5 rem TEDE
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Accident or Case Dose Criteria Analysis Release Duration

BWR Rod Drop Accident 6.3 rem TEDE 24 hours
pathway

Fuel Handling Accident 6.3 rem TEDE 2 hours

The column labeled "Analysis Release Duration" is a summary of the assumed radioactivity release
durations identified in the individual appendices to this guide. Refer to these appendices for.
complete descriptions of the release pathways and durations.

5.0 ANALYSIS ASSUMPTIONS AND METHODOLOGY

5.1 General Considerations

5.1.1 Analysis Quality Conforms

The evaluations required by 10 CFR 50.67 are re-analyses of the design basis safety analyses and Analyses performed per 10 CFR 50,
evaluations required by 10 CFR 50.34; they are considered to be a significant input to the Appendix B and the guidance consistent with
evaluations required by 10 CFR 50.92 or 10 CFR 50.59. These analyses should be prepared, RG 1.183.
reviewed, and maintained in accordance with quality assurance programs that comply with
Appendix B, "Quality Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing Plants,"
to 10 CFR Part 50.

These design basis analyses were structured to provide a conservative set of assumptions to test the
performance of one or more aspects of the facility design. Many physical processes and phenomena
are represented by conservative, bounding assumptions rather than being modeled directly. The
staff has selected assumptions and models that provide an appropriate and prudent safety margin
against unpredicted events in the course of an accident and compensate for large uncertainties in
facility parameters, accident progression, radioactive material transport, and atmospheric dispersion.
Licensees should exercise caution in proposing deviations based upon data from-a specific accident
sequence since the DBAs were never intended to represent any specific accident sequence - the
proposed deviation may not be conservative for other accident sequences.

5.1.2 Credit for Engineered Safeguard Features Conforms

Credit may be taken for accident mitigation features that are classified as safety-related, are required Credit was taken for Engineered Safeguard
to be operable by Technical Specifications, are powered by emergency power sources, and are either Features. The single active component failure
automatically actuated or, in limited cases, have actuation requirements explicitly addressed in that resulted in the most limiting radiological
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emergency operating procedures. The single active component failure that results in the most consequences was assumed. Assumptions
limiting radiological consequences should be assumed. Assumptions regarding the occurrence and regarding the occurrence and timing of a loss
timing of a loss of offsite power should be selected with the objective of maximizing the postulated of offsite power were selected with the
radiological consequences. objective of maximizing the postulated

radiological consequences.

5.1.3 Assignment of Numeric Input Values Conforms

The numeric values that were chosen as inputs
The numeric values that are chosen as inputs to the analyses required by 10 CFR 50.67 should be to the analyses required by 10 CFR 50.67 were
selected with the objective of determining a conservative postulated dose. In some instances, a selected with the objective of determining a
particular parameter may be conservative in one portion of an analysis but be non-conservative in conservative postulated dose.
another portion of the same analysis. For example, assuming minimum containment system spray For a range of values, the value that resulted in
flow is usually conservative for estimating iodine scrubbing, but in many cases may be non-
conservative when determining sump pH. Sensitivity analyses may be needed to determine the
appropriate value to use. As a conservative alternative, the limiting value applicable to each portion
of the analysis may be used in the evaluation of that portion. A single value may not be applicable
for a parameter for the duration of the event, particularly for parameters affected by changes in
density. For parameters addressed by Technical Specifications, the value used in the analysis
should be that specified in the technical specifications. If a range of values or a tolerance band is
specified, the value that would result in a conservative postulated dose should be used. If the
parameter is based on the results of less frequent surveillance testing, e.g., steam generator
nondestructive testing (NDT), consideration should be given to the degradation that may occur
between periodic tests in establishing the analysis value.

Note that for some parameters, the Technical Specification value may be adjusted for analysis
purposes by factors provided in other regulatory guidance. For example, ESF filter efficiencies are
based on the guidance in Regulatory Guide 1.52 (Ref. 25) and in Generic Letter 99-02 (Ref. 27)
rather than the surveillance test criteria in the Technical Specifications. Generally, these
adjustments address potential changes in the parameter between scheduled surveillance tests.

5.1.4 Applicability of Prior Licensing Basis Conforms

The NRC staff considers the implementation of an AST to be a significant change to the design Licensee has ensured that analysis assumptions
basis of the facility that is voluntarily initiated by the licensee. In order to issue a license and methods are compatible with the AST and
amendment authorizing the use of an AST and the TEDE dose criteria, the NRC. staff must make a the TEDE crteria.
current finding of compliance with regulations applicable to the amendment. The characteristics of
the ASTs and the revised dose calculational methodology may be incompatible with many of the
analysis assumptions and methods currently reflected in the facility's design basis analyses. The
NRC staff may find that new or unreviewed issues are created by a particular sito-specific
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1 implementation of the AST, warranting review of staff positions approved subsequent to the initial
issuance of the license. This is not considered a backfit as defined by 10 CFR 50.109,
"Backfitting." However, prior design bases that are unrelated to the use of the AST, or are
unaffected by the AST, may continue as the facility's design basis. Licensees should ensure that
analysis assumptions and methods are compatible with the ASTs and the TEDEicriteria.

_I

5.2 Accident-Specific Assumptions

The appendices to this regulatory guide provide accident-specific assumptions that are acceptable to
the staff for performing analyses that are required by 10 CFR 50.67. The DBAs addressed in these
attachments were selected from accidents that may involve damage to irradiated fuel. This guide
does not address DBAs with radiological consequences based on technical specification reactor or
secondary coolant-specific activities only. The inclusion or exclusion of a particular DBA in this
guide should not be interpreted as indicating that an analysis of that DBA is required or not required.
Licensees should analyze the DBAs that are affected by the specific proposed applications of an
AST.

The NRC staff has determined that the analysis assumptions in the appendices to this guide provide
an integrated approach to performing the individual analyses and generally expects licensees to
address each assumption or propose acceptable alternatives. Such alternatives may be justifiable on
the basis of plant-specific considerations, updated technical analyses, or, in some cases, a previously
approved licensing basis consideration. The assumptions in the appendices are deemed consistent
with the AST identified in Regulatory Position 3 and internally consistent with each other.
Although licensees are free to propose alternatives to these assumptions for consideration by the
NRC staff, licensees should avoid use of previously approved staff positions that would adversely
affect this consistency.

The NRC is committed to using probabilistic risk analysis (PRA) insights in its regulatory activities
and will consider licensee proposals for changes in analysis assumptions based upon risk insights.
The staff will not approve proposals that would reduce the defense in depth deemed necessary to
provide adequate protection for public health and safety. In some cases, this defense in depth
compensates for uncertainties in the PRA analyses and addresses accident considerations not
adequately addressed by the core damage frequency (CDF) and large early release frequency
(LERF) surrogate indicators of overall risk.

Conforms

Licensee analyzed the DBAs that are affected
by the specific proposed applications of an
AST, utilizing the guidance provided in the
appendices of RG 1.183.
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5.3 Meteorology Assumptions

Atmospheric dispersion values (x/Q) for the EAB, the LPZ, and the Control Room that were
approved by the staff during initial facility licensing or in subsequent licensing proceedings may be
used in performing the radiological analyses identified by this guide. MethodolOgies that have been
used for determining x/Q values are documented in Regulatory Guides 1.3 and I1.4, Regulatory
Guide 1.145, "Atmospheric Dispersion Models for Potential Accident Consequence Assessments at
Nuclear Power Plants," and the paper, "Nuclear Power Plant Control Room Ventilation System
Design for Meeting General Criterion 19" (Refs. 6, 7, 22, and 28).

References 22 and 28 should be used if the FSAR XIQ values are to be revised or if values are to be
determined for new release points or receptor distances. Fumigation should be considered where
applicable for the EAB and LPZ. For the EAB, the assumed fumigation period should be timed to
be included in the worst 2-hour exposure period. The NRC computer code PAVAN (Ref. 29)
implements Regulatory Guide 1.145 (Ref. 28) and its use is acceptable to the NRC staff. The
methodology of the NRC computer code ARCON96 (Ref. 26) is generally acceptable to the NRC
staff for use in determining Control Room X/Q values. Meteorological data collected in accordance
with the site-specific meteorological measurements program described in the facility FSAR should
be used in generating accident X/Q values. Additional guidance is provided in Regulatory
Guide 1.23, "Onsite Meteorological Programs" (Ref. 30). All changes in X/Q analysis methodology
should be reviewed by the NRC staff.

Conforms

New x/Qs for the EAB, the LPZ, and the
Control Room were developed, based on more
recent meteorological data, utilizing the
guidance of RGs 1.23, 1.145, 1.194. The ABS
Consulting, Inc. WINDOWS computer code
and the PAVAN computer code were used in
developing the offsite x/Qs. The ARCON96
computer program was utilized in developing
the CRHE x/Qs. The Control Room air intake
was also relocated. The MSLB Control Room
X/Q was calculated utilizing the puff
methodology of RG 1.194.

6.0 ASSUMPTIONS FOR EVALUATING THE RADIATION DOSES FOR EQUIPMENT
QUALIFICATION

The assumptions in Appendix I to this guide are acceptable to the NRC staff for performing
radiological assessments associated with equipment qualification. The assumptions in Appendix I
will supersede Regulatory Positions 2.c(1) and 2.c(2) and Appendix D of Revision 1 of Regulatory
Guide 1.89, "Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants" (Ref. 11), for operating reactors that have amended their licensing basis to
use an alternative source term. Except as stated in Appendix I, all other assumptions, methods, and
provisions of Revision 1 of Regulatory Guide 1.89 remain effective. The NRC staff is assessing the
effect of increased cesium releases on EQ doses to determine whether licensee action is warranted.
Until such time as this generic issue is resolved, licensees may use either the AST or the TID 14844
assumptions for performing the required EQ analyses. However, no plant modifications are
required to address the impact of the difference in source term characteristics (i.e., AST vs.
TID 1484) on EQ doses pending the outcome of the evaluation of the generic issue.

N/A.

An AST assessment was not performed for
equipment qualification. TID-14844,
"Calculation of Distance Factors for Power and
Test Reactor Sites," will continue to be used as
the radiation dose basis for equipment
qualification and radiation zone maps/shielding
calculations.

_
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D. IMPLEMENTATION Conforms

The AST analysis utilized the guidance of
The purpose of this section is to provide information to applicants and licensees regarding the NRC RG 1.183 in the AST evaluations and did not
staff's plans for using this regulatory guide. Except in those cases in which an applicant or licensee use alternative method for complying with the
proposes an acceptable alternative method for complying with the specified porions of the NRC's specified portions of the NRC's regulations.
regulations, the methods described in this guide will be used in the evaluation of submittals related
to the use of ASTs in radiological consequence analyses at operating power reactors.

Appendix ASSUMPTIONS FOR EVALUATING THE RADIOLOGICAL CONSEQUENCES OF A Conforms
A LWR LOSS-OF-COOLANT ACCIDENT An analysis was performed utilizing the

The assumptions in this appendix are acceptable to the NRC staff for evaluating the radiological guidance of Appendix A and appropriatesections in the main body of RG 1.183 toconsequences of loss-of-coolant accidents (LOCAs) at light water reactors (LWAs). These evaluate a LOCA.
assumptions supplement the guidance provided in the main body of this guide.

Appendix A, "General Design Criteria for Nuclear Power Plants," to 10 CFR Part 50 defines
LOCAs as those postulated accidents that result from a loss of coolant inventory at rates that exceed
the capability of the reactor coolant makeup system. Leaks up to a double-ended rupture of the
largest pipe of the reactor coolant system are included. The LOCA, as with all design basis
accidents (DBAs), is a conservative surrogate accident that is intended to challenge selective aspects
of the facility design. Analyses are performed using a spectrum of break sizes to evaluate fuel and
ECCS performance. With regard to radiological consequences, a large-break LOCA is assumed as
the design basis case for evaluating the performance of release mitigation systems and the
containment and for evaluating the proposed siting of a facility.

SOURCE TERM-ASSUMPTIONS

1 Acceptable assumptions regarding core inventory and the release of radionuclides from the fuel are Conforms
provided in Regulatory Position 3 of this guide. Assumptions regarding core inventory and the

release of radionuclides from the fuel were per
Regulatory Position 3 of RG 1.183.

2 If the sump or suppression pool pH is controlled at values of 7 or greater, the chemical form of Conforms
radioiodine released to the containment should be assumed to be 95% cesium iodide (CsI), 4.85
percent elemental iodine, and 0.15 percent organic iodide. Iodine species, including those from The sump or suppression pool pH is controlled
iodine re-evolution, for sump or suppression pool pH values less than 7 will be evaluated on a case- at values of 7 or greater.
by-case basis. Evaluations of pH should consider the effect of acids and bases created during the
LOCA event, e.g., radiolysis products. With the exception of elemental and organic iodine and
noble gases, fission products should be assumed to be in particulate form.
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ASSUMPTIONS ON TRANSPORT IN PRIMARY CONTAINMENT

3 Acceptable assumptions related to the transport, reduction, and release of radioactive material in and Conforms
from the drywell in BWRs are as follows: The analysis utilized the assumptions related to

the transport, reduction, and release of
radioactive material in and from the drywell in
BWRs per RG 1.183.

3.1 The radioactivity released from the fuel should be assumed to mix instantaneously and Conforms
homogeneously throughout the free air volume of the drywell in BWRs as it is released. This
distribution should be adjusted if there are internal compartments that have limited ventilation The radioactivity released from the fuel was
exchange. The suppression pool free air volume may be included provided there is a mechanism to assumed to mix instantaneously andexchnge.homogeneously throughout the free air volume
ensure mixing between the drywell to the wetwell. The release into the drywell should be assumed ofmthendrywelthasgituwasereleased.vThis
to terminate at the end of the early in-vessel phase. distribution was not adjusted because

ventilation exchange is not limited. The
suppression pool free air volume was included
after 2 hours. The release into the drywell was
terminated at the end of the early in-vessel
phase.

3.2 Reduction in airborne radioactivity in the containment by natural deposition within the containment Conforms
may be credited. Acceptable models for removal of iodine and aerosols are described in
Chapter 6.5.2, "Containment Spray as a Fission Product Cleanup System," of the Standard Review The 10n percentile Power's Aerosol
Plan (SRP), NUREG-0800 (Ref. A-l) and in NUREG/CR-6189, "A Simplified Model of Aerosol Decontamination Model was conservatively
Removal by Natural Processes in Reactor Containments" (Ref. A-2). The latter model is used in the analysis for natural deposition.
incorporated into the analysis code RADTRAD (Ref. A-3). The prior practice of deterministically
assuming that a 50% plateout of iodine is released from the fuel is no longer acceptable to the NRC
staff as it is inconsistent with the characteristics of the revised source terms.

.

3.3 Reduction in airborne radioactivity in the containment by containment spray systems that have been N/A
designed and are maintained in accordance with Chapter 6.5.2 of the SRP (Ref. A-1) may be
credited. Acceptable models for the removal of iodine and aerosols are described in Chapter 6.5.2 No credit is conservatively taken i this analystis
of the SRP and NUREG/CR-5966, "A Simplified Model of Aerosol Removal by Containment for fission product reduction due to the initiation
Sprays"1 (Ref. A-4). This simplified model is incorporated into the analysis code RADTRAD of the drywell sprays.
(Refs. A-I to A-3).



Attachment 3 to PLA-5963
Page 17 of 35Regulatory Guide 1.183 Compliance Table

The evaluation of the containment sprays should address areas within the primary containment that
are not covered by the spray drops. The mixing rate attributed to natural convection between
sprayed and unsprayed regions of the containment building, provided that adequate flow exists
between these regions, is assumed to be two turnovers of the unsprayed regionsiper hour, unless
other rates are justified. The containment building atmosphere may be considerpd a single, well-
mixed volume if the spray covers at least 90% of the volume and if adequate mixing of unsprayed
compartments can be shown.

The SRP sets forth a maximum decontamination factor (DF) for elemental iodine based on the
maximum iodine activity in the primary containment atmosphere when the sprays actuate, divided
by the activity of iodine remaining at some time after decontamination. The SR;P also states that the
particulate iodine removal rate should be reduced by a factor of 10 when a DF of 50 is reached. The
reduction in the removal rate is not required if the removal rate is based on the calculated time-
dependent airborne aerosol mass. There is no specified maximum DF for aerosol removal by
sprays. The maximum activity to be used in determining the DF is defined as the iodine activity in
the columns labeled "Total" in Tables 1 and 2 of this guide multiplied by 0.05 for elemental iodine
and by 0.95 for particulate iodine (i.e., aerosol treated as particulate in SRP methodology).

This document describes statistical formulations with differing levels of uncertainty. The removal
rate constants selected for use in design basis calculations should be those that will maximize the
dose consequences. For BWRs, the simplified model should be used only if thetrelease from the
core is not directed through the suppression pool. Iodine removal in the suppression pool affects the
iodine species assumed by the model to be present initially.

3.4 Reduction in airborne radioactivity in the containment by in-containment recirculation filter systems
may be credited if these systems meet the guidance of Regulatory Guide 1.52 and Generic
Letter 99-02 (Refs. A-5 and A-6). The filter media loading caused by the increased aerosol release No credit is taken in this analysis for reduction
associated with the revised source term should be addressed. of airborne radioactivity in the containment by

in-containment recirculation filter systems.
Reduction in airborne radioactivity in the containment by suppression pool scrubbing in BWRs

3.5 .. ... Conformsshould generally not be credited. However, the staff may consider such reduction on an individual
case basis. The evaluation should consider the relative timing of the blowdown and the fission No credit is taken in this analysis for reduction
product release from the fuel, the force driving the release through the pool, and the potential for of airborne radioactivity in the containment by
any bypass of the suppression pool (Ref. 7). Analyses should consider iodine re:evolution if the suppression pool scrubbing.
suppression pool liquid pH is not maintained greater than 7.

3.6 Reduction in airborne radioactivity in the containment by retention in ice condensers, or other N/A
engineering safety features not addressed above, should be evaluated on an individual case basis.
See Section 6.5.4 of the SRP (Ref. A-1).
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No credit is taken in this analysis for reduction
of airborne radioactivity in the containment by
retention in ice condensers, or other
engineering safety features not addressed
above.

3.7 The primary containment (i.e., drywell for Mark I and 11 containment designs) should be assumed to Conforms
leak at the peak pressure Technical Specification leak rate for the first 24 hours. For BWRs,
leakage may be reduced after the first 24 hours, if supported by plant configuration and analyses, to Per SSES Technical Specifications,

Section 3.6. 1.1 and Primary Containment anda value not less than 50% of the Technical Specification leak rate. Leakage from sub-atmospheric Tec tion Bases, a36 1.1, the
containments is assumed to terminate when the containment is brought to and maintained at a sub- Technica Specification Bases, B3.6.c1.1,the
atmospheric condition as defined by Technical Specifications. define as% by wht of containment ir

defined as 1% by weight of containment air per

For BWRs with Mark m containments, the leakage from the drywell into the primary containment 24 hours @ 45 psig. In accordance withfcircor derisRG 1. 183, Section 3.7: 'The primaryshould be based on the steaming rate of the heated reactor core, with no credit for core debris containment (i.e., drywell for Mark I and y I
relocation. This leakage should be assumed during the two-hour period between the initial containment digns) should be asm t leak
blowdown and termination of the fuel radioactivity release (gap and early in-vessel release phases). the p essure Thncl Seca to leak
After two hours, the radioactivity is assumed to be uniformly distributed throughout the drywell and
the primary containment, rate for the first 24 hours. For BWRs, leakage

may be reduced after the first 24 hours, if
supported by plant configuration and analyses,
to a value not less than 50% of the Technical
Specification leak rate". Based on the
significant reduction of the calculated internal
pressure of the primary containment at 24 hours
into the LOCA, the 50% reduction in leak rate
was utilized in the analysis.

3.8 If the primary containment is routinely purged during power operations, releases via the purge N/A.
system prior to containment isolation should be analyzed and the resulting doses summed with the
postulated doses from other release paths. The purge release evaluation should assume that 100% of The primary containment is not routinely
the radionuclide inventory in the reactor coolant system liquid is released to the containment at the purged during power operations.
initiation of the LOCA. This inventory should be based on the Technical Specification reactor
coolant system equilibrium activity. Iodine spikes need not be considered. If the purge system is
not isolated before the onset of the gap release phase, the release fractions associated with the gap
release and early in-vessel phases should be considered as applicable.
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ASSUMPTIONS ON DUAL CONTAINMENTS

4 For facilities with dual containment systems, the acceptable assumptions related to the transport, Conforms
reduction, and release of radioactive material in and from the secondary containment or enclosure
buildings are as follows: The LOCA analysis utilized the assumptions

related to the transport, reduction, and release
of radioactive material in and from the
secondary containment of Section 4 of
RG 1.183.

4.1 Leakage from the primary containment should be considered to be collected, processed by Conforms
engineered safety feature (ESF) filters, if any, and released to the environment via the secondary SSES Units 1 & 2 proposed Technical
containment exhaust system during periods in which the secondary containment has a negative Specification B 3.6.4.1.4 state that one SGTS
pressure as defined in Technical Specifications. Credit for an elevated release should be assumed subsystem should draw down the Reactor
only if the point of physical release is more than two and one-half times the height of any adjacent including Zones I, H and III or
structure.BuligicuigZns1 adHIoZones I and III to greater than or equal to 0.25

inch of vacuum water gauge in less than or equal
to 300 seconds. A 10 minute Reactor Building
drawdown time is conservatively used in the
LOCA analysis.

The release is assumed to occur at ground level.

4.2 Leakage from the primary containment is assumed to be released directly to the environment as a Conforms
ground-level release during any period in which the secondary containment does not have a negative

presur asdefne in Tehnca Seicaon. Prior to the completion of the secondarypressure as defined in Technical Specifications.cotimndrwwnpiaycnanet
of 10 a i X -containment drawdown, primary containment

leakage, excluding the portion of the leakage
which bypasses secondary containment, is
assumed to be released to the environment
without credit for filtration by the SGTS. The
release is assumed to occur at ground level.

4.3 The effect of high wind speeds on the ability of the secondary containment to maintain a negative Conforms
pressure should be evaluated on an individual case basis. The wind speed to be assumed is the
1-hour average value that is exceeded only 5% of the total number of hours in the data set. Ambient
temperatures used in these assessments should be the 1-hour average value that is exceeded only 5% wind speeds of 1-hour average value that is
or 95% of the total numbers of hours in the data set, whichever is conservative for the intended use exceeded only 5% of the total number of hours
(e.g., if high temperatures are limiting, use those exceeded only 5%). in the data set was utilized. Ambient

temperatures used in these assessments were
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1 -hour average values that are exceeded only
5% or 95% of the total numbers of hours in the
data set.

Credit for dilution in the secondary containment may be allowed when adequate means to cause
mixing can be demonstrated. Otherwise, the leakage from the primary containment should be
assumed to be transported directly to exhaust systems without mixing. Credit far mixing, if found Credit for dilution in the secondary
to be appropriate, should generally be limited to 50%. This evaluation should consider the containment was included in the LOCA
magnitude of the containment leakage in relation to contiguous building volume or exhaust rate, the analysis and limited to 50% of the minimum
location of exhaust plenums relative to projected release locations, the recirculation ventilation free air volume.
systems, and internal walls and floors that impede stream flow between the release and the exhaust.

4.5 Primary containment leakage that bypasses the secondary containment should be evaluated at the. Conforms
bypass leak rate incorporated in the Technical Specifications. If the bypass leakage is through
water, e.g., via a filled piping run that is maintained full, credit for retention of iodine and aerosols Specifiato SR 3.6.1.3.11aand aP tation
may be considered on a case-by-case basis. Similarly, deposition of aerosol radi oactivity in Specification SR 3.6.1.3.11 and a PPL stationgas-filledlinesmay be considered on a case-by-case basis.imi procedure. The bypass leakage is not throughgas-filled lines may be considered on a case-by-case basis.wae.Dpstooferoladacityn water. Deposition of aerosol radioactivity in

gas-filled lines was not considered.

4.6 Reduction in the amount of radioactive material released from the secondary containment because Conforms
of ESF filter systems may be taken into account provided that these systems meet the guidance of
Regulatory Guide 1.52 (Ref. A-5) and Generic Letter 99-02 (Ref. A-6). through thenmGt credid ltleakage through the SGTS was credited. Filter

efficiency was based on RG 1.52 and
GL 99-02.

ASSUMPTIONS ON ESF SYSTEM LEAKAGE

5 ESF systems that recirculate sump water outside of the primary containment are assumed to leak Conforms
during their intended operation. This release source includes leakage through valve packing glands,
pump shaft seals, flanged connections, and other similar components. This release source may also suions iniSectio 5 of akg1
include leakage through valves isolating interfacing systems (Ref. A-7). The radiological
consequences from the postulated leakage should be analyzed and combined with consequences
postulated for other fission product release paths to determine the total calculated radiological
consequences from the LOCA. The following assumptions are acceptable for evaluating the
consequences of leakage from ESF components outside the primary containment:

5.1 With the exception of noble gases, all the fission products released from the fuel to the containment Conforms
(as defined in Table I of this guide) should be assumed to instantaneously and homogeneously mix
in the suppression pool (in BWRs) at the time of release from the core. In lieu of this deterministic fiss ion p u rele ased m flt the
approach, suitably conservative mechanistic models for the transport of airborne activity in contaioenc(s defined in tae 1 of

_ containment (as defined in Table I of
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containment to the sump water may be used. Note that many of the parameters that make spray and RG 1. 183) were assumed to instantaneously
deposition models conservative with regard to containment airborne leakage are non-conservative and homogeneously mix in the suppression
with regard to the buildup of sump activity. pool for this analysis.

5.2 The leakage should be taken as two times the sum of the simultaneous leakage from all components Conforms
in the ESF recirculation systems above which the Technical Specifications, or licensee
commitments to Item mI.D. 1I.1 of NUREG-0737 (Ref. A-8), would require declaring such systems There is no TS limit for ESF leakage outside
inoperable. The leakage should be assumed to start at the earliest time the recirculation flow occurs primary containment. TS 5.5.2, "Primary
in these systems and end at the latest time the releases from these systems are terminated. Sources Outside Containment" discusses a
Consideration should also be given to design leakage through valves isolating ESF recirculation program that provides controls to minimize
systems from tanks vented to atmosphere, e.g., emergency core cooling system tECCS) pump leakage from those portions of systems outside
miniflow return to the refueling water storage tank. containment that could contain highly

radioactive fluids during a serious transient or
accident to levels as low as practicable. PPL
nuclear department quality assurance procedure
and numerous Surveillance Engineering
Procedures declare such systems inoperable for
ESF leakage when the leak rate exceeds 5 gpm.
This meets FSAR Commitments 15.6.5.5.1.2
and 18.1.69. These procedures will be revised
to reflect a value of 2.5 gpm (see Section 8.0
concerning regulatory commitments) before
implementation of the AST. An additional
leakage of 15 gpm was assumed through the
control rod drives and SDV (not ESF) but
included in this evaluation for conservative
reasons). Consequently, the analysis used an
assumed leakage of 20 gpm (2 X 2.5 + 15).

5.3 With the exception of iodine, all radioactive materials in the recirculating liquid should be assumed Conforms
to be retained in the liquid phase.

With the exception of iodine, all radioactive
materials in the recirculating liquid were
assumed to be retained in the liquid phase.
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5.4 If the temperature of the leakage exceeds 2120F, the fraction of total iodine in the liquid that N/A.
becomes airborne should be assumed equal to the fraction of the leakage that flashes to vapor. This
flash fraction, FF, should be determined using a constant enthalpy, h, process, based on the The temperature of the leakage does not exceed
maximum time-dependent temperature of the sump water circulating outside thS containment: 212 0F.

her

Where: hn is the enthalpy of liquid at system design temperature and pressure; be is the enthalpy of
liquid at saturation conditions (14.7 psia, 2120F); and hfg is the heat of vaporization at 212°F.

5.5 If the temperature of the leakage is less than 2120F or the calculated flash fraction is less than 10%, Conforms
the amount of iodine that becomes airborne should be assumed to be 10% of the total iodine activity The
in the leaked fluid, unless a smaller amount can be justified based on the actual sump pH history and tem° erature of the l g s noseced2120F and a flash fraction of 10% was assumed
area ventilation rates. for the iodine.

5.6 The radioiodine that is postulated to be available for release to the environment is assumed to be Conforms
97% elemental and 3% organic. Reduction in release activity by dilution or holdup within
buildings, or by ESF ventilation filtration systems, may be credited where applicable. Filter systems aaiorine th e tonbeavailable for release to the environment wasused in these applications should be evaluated against the guidance of Regulatory Guide 1.52 assumed to be 97% elemental and 3% organic.
(Ref. A-5) and Generic Letter 99-02 (Ref. A-6). Following drawdown of secondary

containment, credit is taken for the filtration of
secondary containment releases by the SGTS.
The SGTS complies with the guidance of
RG 1.52 and Generic letter 99-02.

ASSUMPTIONS ON MAIN STEAM ISOLATION VALVE LEAKAGE IN BWRS
For BWRs, the main steam isolation valves (MSIVs) have design leakage that may result in a
radioactivity release. The radiological consequences from postulated MSIV leakage should be Conforms
analyzed and combined with consequences postulated for other fission product release paths to The MSIV leakage pathway was included with
determine the total calculated radiological consequences from the LOCA. The following the other identified leakage pathways to
assumptions are acceptable for evaluating the consequences of MSIV leakage. determine the total calculated radiological

consequences from the LOCA.
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6.1 For the purpose of this analysis, the activity available for release via MSIV leakage should be Conforms
assumed to be that activity determined to be in the drywell for evaluating containment leakage (see
Regulatory Position 3). No credit should be assumed for activity reduction by the steam separators For this analysis, the activity available for
or by iodine partitioning in the reactor vessel release via MSIV leakage was assumed to be

that activity determined to be in the drywell for
evaluating containment leakage. No credit was
assumed for activity reduction by the steam
separators or by iodine partitioning in the
reactor vessel. The wetwell free air volume
was included with the drywell free air volume
after 2 hours.

6.2 All the MSIVs should be assumed to leak at the maximum leak rate above which the Technical Conforms
Specifications would require declaring the MSIVs inoperable. The leakage should be assumed to
continue for the duration of the accident. Postulated leakage may be reduced after the first 24 hours, The MSIVs were assumed to leak at themaximum leak rate above which the Technical
if supported by site-specific analyses, to a value not less than 50% of the maximum leak rate. S ations woul require ding the. : Specifications would require declaring the

MSIVs inoperable (< 100 SCFH from any one
valve or < 300 SCFH total from four valves).
The SSES analysis assumes one MSIV is
faulted with a flow of 100 SCFH. The
remaining flow is evenly split between the
remaining MSIV's. The leakage was assumed
to continue for the duration of the accident.
Postulated leakage was reduced after the first
24 hours by 50% of the maximum leak rate.
See Section 3.7 of Appendix A above.

6.3 Reduction of the amount of released radioactivity by deposition and plateout on steam system Conforms
piping upstream of the outboard MSIVs may be credited, but the amount of reduction in
concentration allowed will be evaluated on an individual case basis. Generally, the model should be The model for the removal of iodie i the
based on the assumption of well-mixed volumes, but other models such as slug hlow may be used if main steam line only assumes horzontal runs
justified. of piping in determining plateout.

Additionally, since aerosol plateout is a
mechanistic settling process, only the bottom %
of the inside surface area of the lines is
applicable for plateout. Since the bottom half
of a circular pipe has sides which are inclined,

,_ the area for aerosol plateout is modeled as the
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projected area of the diameter of the pipe
[diameter X length] in lieu of the actual surface
area [ir X diameter X length]. Another
potential issue related to the phenomenon of
aerosol settling is the possibility for steam
condensation in the piping to wash out and
re-evolve some of the settled aerosols. While
the actual process would be difficult to
quantify, a factor of 2 reduction in the
conservatively calculated projected pipe
surface area is used in RADTRAD to provide
additional margin. Therefore, the aerosol
settling area is defined as Vi X pipe diameter X
length. The aerosol settling velocity is
conservatively set equal to 1/4 of the 10"
percentile value from AEB 98-03.

Only the portion of the main steam lines from
the primary containment isolation valve to the
point where the drain piping takes off is used
for plateout. Plateout is not credited in the
faulted line.

6.4 In the absence of collection and treatment of releases by ESFs such as the MSIV leakage control Conforms
system, or as described in paragraph 6.5 below, the MSIV leakage should be assumed to be released
to the environment as an unprocessed, ground- level release. Holdup and dilution in the Turbine The MSIV leakage was assumed to be released

Bs . 'to the environment as an unprocessed, ground-Building should not be assumed.
level release. Holdup and dilution in the
Turbine Building was not assumed.

6.5 A reduction in MSIV releases that is due to holdup and deposition in main steam piping downstream Conforms
of the MSIVs and in the main condenser, including the treatment of air ejector effluent by offgas

- systems, may be credited if the components and piping systems used in the release path are capable A reduction in MSIV releases that is due to
of performing their safety function during and following a safe shutdown earthquake (SSE). The holdup and deposition in main steam piping
amount of reduction allowed will be evaluated on an individual case basis. Refetences A-9 and downstream of the MSIVs and in the main
A-10 provide guidance on acceptable models. condenser was credited, based on References

A-9 and A-10.
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IASSUMPTION ON CONTAINMENT PURGING

7 The radiological consequences from post-LOCA primary containment purging as a combustible gas N/A.
or pressure control measure should be analyzed. If the installed containment purging capabilities
are maintained for purposes of severe accident management and are not credited in any design basis Prmary containment purging as a combustible
analysis, radiological consequences need not be evaluated. If the primary continment purging is gas or pressure control measure was analyzedaayirdooiacnecunecnt4in tand not deemed to be required. Containmentrequired within 30 days of the LOCA, the results of this analysis should be combined with

consequences postulated for other fission product release paths to determine the total calculated purging capbiltie are management and
radiological consequences from the LOCA. Reduction in the amount of radioactive material purposes of severe accident banen an d
released via ESF filter systems may be taken into account provided that these systems meet thea
guidance in Regulatory Guide 1.52 (Ref. A-5) and Generic Letter 99-02 (Ref. A-6).

Appendix ASSUMPTIONS FOR EVALUATING THE RADIOLOGICAL CONSEQUENCES OF A Conforms
B FUEL HANDLING ACCIDENT An analysis was performed utilizing the

This appendix provides assumptions acceptable to the staff for evaluating the radiological guidance of Appendix B and appropriate
consequences of a fuel handling accident at light water reactors. These assumptions supplement the sections in the main body of RG 1.183 to
guidance provided in the main body of this guide. evaluate a fuel and an equipment accident.

1 SOURCE TERM Conforms

Acceptable assumptions regarding core inventory and the release of radionuclides from the fuel are Assumptions regarding core inventory and the
provided in Regulatory Position 3 of this guide. The following assumptions also apply. release of radionuclides from the fuel are taken

from Regulatory Position 3 of RG 1.183.

1.1 The number of fuel rods damaged during the accident should be based on a conservative analysis Conforms
that considers the most limiting case. This analysis should consider parameters such as the weight
of the dropped heavy load or the weight of a dropped fuel assembly (plus any attached handling ase u (fuel assembly channel grpl
grapples), the height of the drop, and the compression, torsion, and shear stresses on the irradiated and mast) weighing 1500 lbs. falling a distance
fuel rods. Damage to adjacent fuel assemblies, if applicable (e.g., events over the reactor vessel), 329 feet ont the cor. Thelnu of
should be considered. o 29 etot h oe h ubro

failed rods is given as 156 rods for the Atrium
10 fuel assemblies. To conservatively address
the issue of lead fuel assemblies (whether in
the reactor or the in the spent fuel pool)
radiological dose results are included which
assume that another Atrium 10 assembly
representing a lead use assembly (LUA)
completely fails resulting in a total of 254.8
failed rods.
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I

Case 2 (EHA) assumes an object weighing
1100 lbs. is dropped 150 feet onto the core.
The dropped assembly and the core are
assumed to be ATRIUM-10 fuel assemblies.
The number of failed rods is given as 366 rods
considering the Atrium 10 fuel assemblies and
460.8 rods considering the case for
Atrium 10 + I LUA.

1 1

1.2 The fission product release from the breached fuel is based on Regulatory Position 3.2 of this guide
and the estimate of the number of fuel rods breached. All the gap activity in the damaged rods is
assumed to be instantaneously released. Radionuclides that should be considered include xenons,
kryptons, halogens, cesiums, and rubidiums.

Conforms

The fission product release from the breached
fuel is based on Regulatory Position 3.2 of
RG 1.183 and the estimate of the number of
fuel rods breached. All the gap activity in the
damaged rods is assumed to be instantaneously
released. Radionuclides that were considered
include xenons, kryptons, halogens, cesiums,
and rubidiums. Please note, RG 1.183,
Appendix B, Section 3, the pool DF for
particulates which includes cesiums, and
rubidiums is infinite. Therefore, they are
neglected from further consideration in the
analysis.

1.3 The chemical form of radioiodine released from the fuel to the spent fuel pool should be assumed to Conforms
be 95% cesium iodide (CsI), 4.85 percent elemental iodine, and 0.15 percent organic iodide. The All iodine released to the spent fuel pool
CsI released from the fuel is assumed to completely dissociate in the pool water.: Because of the dissoiae re-evolvesoashelementaluildinel
low pH of the pool water, the iodine re-evolves as elemental iodine. This is assumed to occur
instantaneously. The NRC staff will consider, on a case-by-case basis, justifiable mechanistic instantaneously.
treatment of the iodine release from the pool.

2 WATER DEPTH The minimum depth of water above the fuel is
21 feet. Utilizing the methodology referenced

If the depth of water above the damaged fuel is 23 feet or greater, the decontamination factors for in RG 1.183, Appendix B (Staff Technical
the elemental and organic species are 500 and 1, respectively, giving an overall effective Paper, Evaluation of Fission Product Release
decontamination factor of 200 (i.e., 99.5% of the total iodine released from the damaged rods is and Transport, G. Burley, 1971), an overall
retained by the water). This difference in decontamination factors for elemental (99.85%) and pool DP of 138.46 (used 138) was calculated.
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I organic iodine (0.15%) species results in the iodine above the water being composed of 57%
elemental and 43% organic species. If the depth of water is not 23 feet, the decontamination factor
will have to be determined on a case-by-case method (Ref. B-i).

-I The actual DF calculation is included in
Attachment 10, Calculation EC-RADN- 1126,
Section 3.14.

The maximum fuel rod pressurization is
c 1200 psig. Therefore, pressure does not
impact the pool DF used in analysis.

The iodine speciation above the water for the
21' depth was calculated to be 79% elemental
and 21% organic iodine.

NOBLE GASES Conform

The retention of noble gases in the water in the fuel pool or reactor cavity is negligible (i.e., Noble gas DF = 1
decontamination factor of 1). Particulate radionuclides are assumed to be retained by the water in Particulate radionuclides are assumed to be
the fuel pool or reactor cavity (i.e., infinite decontamination factor). retained by the water in the fuel pool or reactor

cavity (i.e., infinite decontamination factor).

FUEL HANDLING ACCIDENTS WITHIN THE FUEL BUILDING Conforms

For fuel handling accidents postulated to occur within the fuel building, the following assumptions Fuel handling and an equipment handlingaccidents were evaluated within the Reactor
are acceptable to the NRC staff. Building outside containment.

The radioactive material that escapes from the fuel pool to the fuel building is assumed to be Conforms
released to the environment over a 2-hour time period.

; The radioactive material that escapes from the
fuel pool to the Reactor Building is assumed to
be released to the environment over a 2-hour
time period.

A reduction in the amount of radioactive material released from the fuel pool by engineered safety Conforms
feature (ESF) filter systems may be taken into account provided these systems meet the guidance of
Regulatory Guide 1.52 and Generic Letter 99-02 (Refs. B-2, B-3). Delays in radiation detection, The activity transport from the pool to the
actuation of the ESF filtration system, or diversion of ventilation flow to the ESF filtration system environment is via the SGTS filters. Based on
should be determined and accounted for in the radioactivity release analyses a conservative analysis using realistic

assumptions and parameters, it was determined

Note: These analyses should consider the time for the radioactivity concentration to reach levels that the Refueling Floor High Exhaust Duct
corresponding to the monitor setpoint, instrument line sampling time, detector response Radiation Monitors, Refueling Floor Wall
diversion damper alignment time, and filter system actu Exhaust Duct Radiation Monitors and the
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Railroad Access Shaft Exhaust Duct Radiation
Monitor will sense the FHA/EHA event and
provide the required signals to the SGTS. An
analysis demonstrated that the isolation damper
closure time is less than the air travel time.
Therefore, the isolation damper will close prior
to the activity reaching the damper.
The Standby Gas Treatment System charcoal
filters provide 8 inches of charcoal for
filtration. Per Table 2 of Regulatory
Guide 1.52, an SGTS charcoal filter efficiency
of 99% is assumed for all species of iodine.

The radioactivity release from the fuel pool should be assumed to be drawn into the ESF filtration
system without mixing or dilution in the fuel building. If mixing can be demonstrated, credit for
mixing and dilution may be considered on a case-by-case basis. This evaluation should consider the No mixing or dilution in the Reactor Building
magnitude of the building volume and exhaust rate, the potential for bypass to the environment, the assumed.
location of exhaust plenums relative to the surface of the pool, recirculation ventilation systems, and
internal walls and floors that impede stream flow between the surface of the pool and the exhaust
plenums.

5 FUEL HANDLING ACCIDENTS WITHIN CONTAINMENT N/A.

For fuel handling accidents postulated to occur within the containment, the following assumptions Fuel handling and an equipment handlingaccidents were evaluated within the Reactorare acceptable to the NRC staff.Buligotdecnamn.
Building outside containment.

5.1 If the containment is isolated during fuel handling operations, no radiological consequences need to N/A.
be analyzed.-

Fuel handling and an equipment handling

Note: Containment isolation does not imply containment integrity as defined by Technical accidents were evaluated within the Reactor
Specifications for non-shutdown modes. The term isolation is used here collectively to encompass Building outside containment.
both containment integrity and containment closure, typically in place during shutdown periods. To
be credited in the analysis, the appropriate form of isolation should be addressed in Technical
Specifications.

5.2 If the containment is open during fuel handling operations, but designed to autornatically isolate in
the event of a fuel handling accident, the release duration should be based on delays in radiation
detection and completion of containment isolation. If it can be shown that containment isolation Fuel handling and an equipment handling
occurs before radioactivity is released to the environment, no radiological consequences need to be accidents were evaluated within the Reactor
analyzed. lBuilding outside containment.
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5.3 If the containment is open during fuel handling operations (e'g., personnel air lock or equipment N/A.
hatch is open), the radioactive material that escapes from the reactor cavity pool to the containment
is released to the environment over a 2-hour time period. acdent were ev u ithint

accidents were evaluated within the Reactor

Note: The staff will generally require that technical specifications allowing such operations include Building outside containment.
administrative controls to close the airlock, hatch, or open penetrations within 30 minutes. Such
administrative controls will generally require that a dedicated individual be present, with necessary
equipment available, to restore containment closure should a fuel handling accident occur.
Radiological analyses should generally not credit this manual isolation.

5.4 A reduction in the amount of radioactive material released from the containment by ESF filter N/A.
systems may be taken into account provided that these systems meet the guidance of Regulatory
Guide 1.52 and Generic Letter 99-02 (Refs. B-2 and B-3). Delays in radiation detection, actuation acdent were evuateewthint
of the ESF filtration system, or diversion of ventilation flow to the ESF filtration system should be Building outside containment.
determined and accounted for in the radioactivity release analyses.

Credit for dilution or mixing of the activity released from the reactor cavity by natural or forced N/A
convection inside the containment may be considered on a case-by-case basis. Such credit is
generally limited to 50% of the containment free volume. This evaluation should consider the Fuel handling and an equipment handling
magnitude of the containment volume and exhaust rate, the potential for bypass to the environment, accidents were evaluated within the Reactor
the location of exhaust plenums relative to the surface of the reactor cavity, recirculation ventilation Building outside containment.
systems, and internal walls and floors that impede stream flow between the surface of the reactor

_ cavity and the exhaust plenums.

Appendix ASSUMPTIONS FOR EVALUATING THE RADIOLOGICAL CONSEQUENCES OF A Conforms
C BWR ROD DROP ACCIDENT

An analysis was performed utilizing the
This appendix provides assumptions acceptable to the NRC staff for evaluating the radiological guidance of Appendix C and appropriate
consequences of a rod drop accident at BWR light-water reactors. These assumptions supplement sections in the main body of RG 1.183 at fullconsqueces ssuptios sppleent power, assuming fuel rod breach and melt.
the guidance provided in the main body of this guide.

Please note, a second postulated accident was
evaluated at low power, operation with the
mechanical vacuum pump (MVP) running. At
low power with fewer than 30 rods failing,
main steam line dose rates may be too low to
be reliably sensed by the MSLRMs to generate
a trip signal for the MVP. Failure to trip the
MVP would result in an unfiltered release of
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fission products to the environment from the
Turbine Building vent stack. A detailed
discussion of this event is given in
Attachment 10, Calculation EC-RADN-1 127
of this submittal.

I

1 Assumptions acceptable to the NRC staff regarding core inventory are provided in Regulatory
Position 3 of this guide. For the rod drop accident, the release from the breached fuel is based on
the estimate of the number of fuel rods breached and the assumption that 10% of the core inventory
of the noble gases and iodines is in the fuel gap. The release attributed to fuel melting is based on
the fraction of the fuel that reaches or exceeds the initiation temperature for fuel melting and on the
assumption that 100% of the noble gases and 50% of the iodines contained in that fraction are
released to the reactor coolant.

Conforms

The analysis conservatively assumes that 2000
rods experience cladding damage. Currently,
1000 rods are assumed in the CRDA design
basis accident for the pre-power uprate.
Compliance check calculations are performed
for each unit and cycle to verify that the
number of rods is less than 1000. For these
compliance checks, rods with 170 cal/gm or
more energy deposited in the fuel are assumed
to fail. It is expected that that the number of
rods will not substantially change based on
favorable results from compliance checking
analyses and on scoping studies performed for
extended power uprate. In order to establish a
conservative bound for assessing accident
doses, it is assumed that 2000 fuel rods fail.
Although no fuel melt occurs at SSES for this
event, the analysis assumes 0.77% of the fuel
melts. This fuel melt assumption is intended to
ensure compatibility with the same assumption
made in GE's Topical Report NEDO-31400A,
which evaluated the elimination of certain main
steam radiation monitor (MSLRMs) safety
functions.

For the breached fuel rods, it is assumed that
10% of the core inventory of the noble gases
and iodines is in the fuel gap. The release
attributed to fuel melting assumes that 100% of
the noble gases and 50% of the iodines
contained in that fraction are released to the
reactor coolant.

I~
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Please note, that in RAI 21 for the Limerick
AST, the NRC recommends a typical value of
1% for failed fuel. Although the analysis
utilizes a value of 0.77% (described above),
PPL believes that the source term
conservatisms in the calculation; (1) 2000 rods
experience clad damage instead of 1000 rods,
(2) no fuel melt at SSES, and (3) inclusion of
the solids released from the melted fuel are in
accordance with the fractions shown in
Regulatory Guide 1.183, Table I provide more
than sufficient margin. In addition, the
resultant doses are only 0.49, 0.19, and
0.05 rem TEDE at the Control Room, EAB,
and LPZ respectively. An increase in the
percent of the melted fuel from 0.77% to 1.0%
would not alter acceptance to.regulatory
guidelines.

2 If no or minimal fuel damage is postulated for the limiting event, the released ac~tivity should be the N/A.
maximum coolant activity (typically 4 pCi/gm DE 1-131) allowed by the Technical Specifications.

Postulated accident assumes fuel clad failure

The activity assumed in the analysis should be based on the activity associated with the projected and fuel melt.
fuel damage or the maximum Technical Specification values, whichever maximizes the radiological
consequences. In determining the dose equivalent 1-131 (DE 1-131), only the radioiodine associated
with normal operations or iodine spikes should be included. Activity from projected fuel damage
should not be included.

3 The assumptions acceptable to the NRC staff that are related to the transport, reduction, and release Conforms
of radioactive material from the fuel and the reactor coolant are as follows:

. Transport assumptions of RG 1. 183,
Appendix C utilized in the analysis.

_ __ __ __ __ ________

3.1 The activity released from the fuel from either the gap or from fuel pellets is assuimed to be Conforms
instantaneously mixed in the reactor coolant within the pressure vessel.

. The activity released from the fuel from either
the gap or from fuel pellets is assumed to be
instantaneously mixed in the reactor coolant

. within the pressure vessel.
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3.2 Credit should not be assumed for partitioning in the pressure vessel or for removal by the steam Conforms
separators.

No credit assumed for partitioning in the
pressure vessel or for removal by the steam
separators.

3.3 Of the activity released from the reactor coolant within the pressure vessel, 100% of the noble gases, Conforms
10% of the iodine, and 1% of the remaining radionuclides are assumed to reach the turbine and Of the activity released from the reactor
condensers. coolant within the pressure vessel, 100% of the

noble gases, 10% of the iodine, and 1% of the
remaining radionuclides are assumed to reach
the turbine and condensers.

3.4 Of the activity that reaches the turbine and condenser, 100% of the noble gases, 10% of the iodine, Conforms
and 1% of the particulate radionuclides are available for release to the environment. The turbine. . . Of the activity that reaches the turbine andand condensers leak to the atmosphere as a ground- level release at a rate of 1% per day for a period
of 24 hours, at which time the leakage is assumed to terminate. No credit should be assumed for condense 100% of the noble gases, 10% of
dilution or holdup within the Turbine Building. Radioactive decay during holdtp in the turbine and the iodine, and 1% of the particulate

radionuclides are available for release to the
condenser may be assumed. environment. The turbine and condensers leak

to the atmosphere as a ground- level release at
If there are forced flow paths from the turbine or condenser, such as unisolated Motor vacuum

a rate of 1% per day for a period of 24 hours, at
pumps or unprocessed air ejectors, the leakage rate should be assumed to be the flow rate associated
with the most limiting of these paths. Credit for collection and processing of releases, such as by off which time the leakage is assumed toterminate. No credit assumed for dilution or
gas or standby gas treatment, will be considered on a case-by-case basis. withi th Trbin Building.

holdup within the Turbine Building.
Radioactive decay during holdup in the turbine
and condenser was assumed.

A second postulated accident was evaluated at
low power operation with the mechanical
vacuum pump running. The leakage pathway
is unfiltered through the TB vent (assumes
ground level release) at a leakage rate of
1212 percent per day from the condenser with
no holdup in the TB.
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3.5 In lieu of the transport assumptions provided in Paragraphs 3.2 through 3.4 above, a more
mechanistic analysis may be used on a case-by-case basis. Such analyses account for the quantity
of contaminated steam carried from the pressure vessel to the turbine and condensers based on a
review of the minimum transport time from the pressure vessel to the first main! steam isolation
valve (MSIV) and considers MSIV closure time.

N/A.

The MSIVs and main steam drain lines do not
automatically trip closed following a CRDA.
The operators manually scram the reactor and
close all MSIVs and drain line valves in the
event of a main steam line radiation monitor
(MSLRM) high-high radiation alarm in
accordance with station procedures. The
MSLRMs in the original SSES design provided
input to automatically trip the MSIVs and drain
line valves closed. These MSLRM trip
functions were eliminated as part of BWR
generic efforts to reduce spurious reactor
scrams and reactor vessel isolations
(50.59 Safety Evaluation E-01-1, MSLRM
MSIV Closure and Scram Deletion, June 19,
2003 - Amendment 151 to facility operating
license NPF-14 and Amendment 121 to facility
operating license NPF-22).

3.6 The iodine species released from the reactor coolant within the pressure vessel should be assumed to
be 95% CsI as an aerosol, 4.85% elemental, and 0.15% organic. The release from the turbine and
condenser should be assumed to be 97% elemental and 3% organic.

Conforms

The release from the turbine and condenser was
97% elemental and 3% organic.

Appendix ASSUMPTIONS FOR EVALUATING THE RADIOLOGICAL CONSEQUENCES OF A Conforms
D BWR MAIN STEAM LINE BREAK ACCIDENT

An analysis was performed utilizing the

This appendix provides assumptions acceptable to the NRC staff for evaluating the radiological guidance of Appendix D and appropriate
consequences of a main steam line accident at BWR light water reactors. These assumptions sections in the main body of RG 1.183 atehot
supplement the guidance provided in the main body of this guide.
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SOURCE TERM Conforms

Assumptions acceptable to the NRC staff regarding core inventory and the release of radionuclides Assumptions regarding core inventory and the
from the fuel are provided in Regulatory Position 3 of this guide. The release frnm the breached
fuel is based on Regulatory Position 3.2 of this guide and the estimate of the number of fuel rods on Regulatory Position 3 of RG 1. 183.
breached. No fuel rod breach was assumed.

2 If no or minimal fuel damage is postulated for the limiting event, the released activity should be the
maximum coolant activity allowed by Technical Specification. The iodine concentration in the
primary coolant is assumed to correspond to the following two cases in the nuclear steam supply
system vendor's standard Technical Specifications.

The activity assumed in the analysis should be based on the activity associated with the projected
fuel damage or the maximum Technical Specification values, whichever maximizes the radiological
consequences. In determining dose equivalent 1-131 (DE I- 131), only the radioiodine associated
with normal operations or iodine spikes should be included. Activity from projected fuel damage
should not be included.

Conforms

The hypothetical event was based on the
maximum coolant activity allowed by
Technical Specification. In determining dose
equivalent I-131 (DE I- 131), only the
radioiodine associated with normal operations
or iodine spikes were included.

2.1 The concentration that is the maximum value (typically 4.0 ,Ci/gm DE 1-131) permitted and Conforms
corresponds to the conditions of an assumed pre-accident spike, and The analysis utilized the maximum

concentration value (4.0 JCi/gm DE I-13 1)
permitted per TS and corresponds to the
conditions of an assumed pre-accident spike.

2.1 The concentration that is the maximum equilibrium value (typically 0.2 OCigm DE 1-131) Conforms
permitted for continued full power operation.

The analysis utilized the maximum equilibrium
concentration value (0.2 ACi/gm DE I-131)
permitted for continued full power operation.

3 The activity released from the fuel should be assumed to mix instantaneously and homogeneously in Conforms
the reactor coolant. Noble gases should be assumed to enter the steam phase instantaneously. T a

The activity released from the fuiel was
assumed to mix instantaneously and
homogeneously in the reactor coolant. Noble
gases were assumed to enter the steam phase
instantaneously.
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TRANSPORT Conforms

4 An analysis was performed utilizing theAssumptions acceptable to the NRC staff related to the transport, reduction, and release of
radioactive material to the environment are as follows. transport guidance of Appendix D of RG 1.183

at hot standby, assuming no melt.

4.1 The main steam line isolation valves (MSIV) should be assumed to close in the maximum time Conforms
allowed by Technical Specifications. A MSIV closure time of 5.5 seconds

(0.5 seconds for the valve to initiate the closure
sequence and maximum of 5 seconds for full
closure per TS 3.6.1.3)

4.2 The total mass of coolant released should be assumed to be that amount in the steam line and Conforms
connecting lines at the time of the break plus the amount that passes through the valves prior to The total mass of coolant released was assumed
closure. ;to be that amount in the steam line and

connecting lines at the time of the break plus
the amount that passes through the valves prior
to closure. The reactor is assumed to be in hot
standby before the break to maximize the mass
release.

4.3 All the radioactivity in the released coolant should be assumed to be released to the atmosphere Conforms
instantaneously as a ground-level release. No credit should be assumed for plateout, holdup, or All the radioactivity in the released coolant was
dilution within facility buildings. assumed to be released to the atmosphere

instantaneously as a ground-level release. No
credit was assumed for plateout, holdup, or
dilution within the Reactor Building steam
tunnel.
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Regulatory Guide 1.194 Compliance

Regulatory Guide 1.194 Sections 3 through 7 and Table A-2 provide methodologies and assumptions that are acceptable to the NRC staff related to
atmospheric relative concentrations for Control Room radiological habitability assessments at nuclear power plants. Compliance with Regulatory
Guide 1.194 positions are discussed below:

Please Note: The information provided in this table is based on the calculations provided in Attachment 10.

RG 1.194 Regulatory Guide 1.194 Position Basis of Comnliance
Section

3. CALCULATION OF X/Q USING ARCON96 Conforms
The ARCQN96 code is maintained under aThis section addresses the use of the ARCON96 code for calculating X/Q values for design Twe quality asuranceiprogram a

basis Control Room radiological habitability assessments. The ARCON66 code should be complie with appendx to 10C t
obtained and maintained under an appropriate software quality assurance program that complies with Appendix B to 10 cFR
complies with the applicable criteria of Appendix B, "Quality Assurance Criteria for
Nuclear Power Plants and Fuel Reprocessing Plants," to 10 CFR Part 50 and applicable standards.
industry consensus standards to which the licensee has committed.

3.1 Meteorological Data Input Conforms
The meteorological data includes wind

The meteorological data needed for X/Q calculations include wind speed, wind direction, spe diretoncan a measure of
and a measure of atmospheric stability. These data should be obtained from an onsite
meteorological measurement program based on the guidance of Safety Guide 23, "Onsite atmospherc stability These data were
Meteorological Programs" (Ref. 12), that includes quality assurance provisions consistent obtained from an onsite meteorological
with Appendix B to 10 CFR Part 50. The meteorological data set used in these measurement program based on the
assessments should represent hourly averages as defined in Safety Guide 23. Data should guidance of Safety Guide 23, that includes
be representative of the overall site conditions and be free from local effects such as quality assurance provisions consistent with
building and cooling tower wakes, brush and vegetation, or terrain. Collected data should Appendix B to 10 CFR Part 50.
be reviewed to identify instrumentation problems and missing or anomalous observations
(see Ref. 13). The size of the data set used in the XIQ assessments should be sufficiently
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large such that it is representative of long-term meteorological trends at the site. The NRC
staff considers 5 years of hourly observations to be representative of long-term trends at
most sites. With sufficient justification of its representativeness, however, the minimum
meteorological data set is one complete year (including all four seasons)iof hourly
observations.

Wind direction should be expressed as the direction from which the wind is blowing
(i.e., the upwind direction from the center of the site) referenced from true north.

Atmospheric stability should be determined by the vertical temperature difference (AT)
measured over the difference in height appropriate for the projected release height
(including plume rise as applicable). A table of AT values in units of degrees Centigrade
per 100 meters (0C/100m) versus stability class is given in Safety Guide 23 (Ref. 12). If
other well-documented methodologies are used to estimate atmospheric stability (with
appropriate justification), the models described in this guide may require modification. A
well-documented methodology is one that is substantiated by diffusion data for conditions
similar to those at the nuclear power plant site involved.

Appendix A provides information on the structure and content of the meteorological data
set and input parameters used by the ARCON96 code.

, 1

The meteorological data consists of five
years of hourly data, covering the years
from 1999 to 2003. Each record of the
hourly data contains a location identifier,
Julian day (1-366), hour (0 to 23), low-level
direction, low-level speed, stability class
(1=A to 7=G), upper level direction, and
upper level speed. Wind speeds are entered
in tenths of a reporting unit with no
decimal.

Wind directions are from 1 to 360 in
degrees.

Atmospheric stability was determined by
the vertical temperature difference (AT)
measured over the difference in height
appropriate for the projected release height
per Safety Guide 23.

I

3.2 Determination of Release Point (Source) Characteristics

A 95th-percentile X]Q value should be determined for each identified source-receptor
combination. However, it may be possible to identify bounding combinations in order to
reduce the needed calculational effort. In determining the bounding combinations, it will
be necessary to consider the distance, direction, release mode, and height) of the various
release points to the environment in relation to the various Control Room intakes.
Additional parameters, such as those used in establishing plume rise, may need to be
considered in determining the bounding combination.

For cases involving two or more release pathways associated with a single release source, a
calculated composite value of x/Q may be considered on a case-by-case basis if the licensee
can demonstrate an acceptable modeling approach and justify the conservatism of any
assumed weighting factors.

Conforms

A total of 13 potential release points were
evaluated, based on distance, direction,
release mode, and height of the various
release points to the environment in relation
to the Control Room intake. It was
determined that 5 of the 13 potential release
points required the calculation of
ARCON96 X/Qs.

There were no cases involving two or more
release pathways associated with a single
release source.

_
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Changes in associated parameters that could occur as a result of differences between
normal operation and accident conditions, differences between accidents, differences that
occur over the duration of the accident, single failure considerations, and considerations of
loss of offsite power, consistent with accident sequences and descriptions, must all be
considered in the characterization of the release points.

The ARCON96 code provides options that allow an analyst to model ground-level,
elevated stack, and vent-point source releases. In addition, the analyst can model diffuse
area sources as a sub mode of the ground-level release type. These modes and limitations
on their use are discussed in the positions that follow.

3.2.1 Ground-Level Releases Conforms
All release points are assumed to be ground

The ground-level release mode is appropriate for the majority of Control Room I/Q ll releases
level releases.assessments. If the release type is ground level, ARCON96 ignores all user inputs related

to release velocity and radius. Release height is used to establish the plume slant path.

3.2.2 Elevated (Stack) Releases N/A.

The stack release mode is appropriate for releases from a freestanding, vertical, uncapped See Section 3.2.1.
stack that is outside the directionally dependent zone of influence of adjacent structures.
Such a stack should be more than 2-1/2 times the height of the adjacent structures or be
located:

* more than 5L downwind of the trailing edge of upwind buildings, and
* more than 2L upwind of the leading edge of downwind buildings, and
* more than 0.5L crosswind of the closest edge of crosswind buildings

Where L is the lesser of the height or width of the building creating the downwind, upwind,
or crosswind wake. Since L will be dependent on wind direction for most building clusters,
it will generally be necessary to assess the zone of influence for all directions within the 900
wind direction sector centered on the line of sight between the stack and the Control Room
intake. If multiple intakes are involved such that upwind, downwind, and crosswind
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orientations are confounded, 5L could be used for each orientation. Plume rise from
buoyancy or mechanical jet effects are not calculated by ARCON96. The analyst may
determine plume rise and add the amount of rise to the physical height of the stack to obtain
an effective plume height as described in Regulatory Position 6 of this guide (Note: The
plume rise may not be added to the physical height of the stack for the purpose of meeting
the 2-1/2 times height criterion). Although ARCON96 does not determiner plume rise, the
input values of stack flow, radius, and vertical velocity are used by ARCON96 to assess
downwash and to estimate a limiting yXQ value.

If the Control Room intake is located close to the base of a tall stack, the elevated release
model in ARCON96 generates negligibly low X/Q values. Although perhaps numerically
correct, these model results may not be sufficiently conservative for a design basis
assessment since the model does not adequately address meteorological conditions that could
result in higher yXQ values. Although the staff has previously suggested that licensees model
fumigation as a mechanism to address this situation, the fumigation model did not appear to
adequately estimate the effluent concentrations at the bases of industrial stacks.
Concentrations greater than those predicted by ARCON96 could result from diumal wind
direction changes, meander, or stagnation. Therefore, the following procedure should be
used to assess whether a particular stack-intake configuration is subject to this concern and to
determine the appropriate XIQ values.

In addition to running ARCON96 to determine the elevated stack X/Q values for the Control
Room assessment, the analyst should calculate the maximum elevated stack yxQ value (non-
fumigation) using the methodology of Regulatory Guide 1.145 (Ref. 9) to determine the
maximum X]Q value at ground level for the 0-2 hour interval and for the 24-96 and 96-720
hour intervals. The NRC-sponsored code, PAVAN (Ref. 14), is acceptable to the staff for
this assessment. For this assessment, the input parameters should be adjusted such that the
effective release height is measured from the elevation of the Control Room outside air
intake rather than plant grade. The same release point characterization and. meteorological
data sets used in ARCON96 should be used to determine the X/Q values for several distances
in each wind direction sector with the objective of identifying the maximum X/Q value.
Figure A.4 of Reference 15 may be useful in this regard. The maximum X/Q value obtained
for the 0-2 hour interval should be compared to the corresponding X/Q value generated by
ARCON96 and the higher value used in habitability assessments. The X/Q values generated
by ARCON96 for the 2-8 and the 8-24 hour intervals may be used without adjustment.
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For the 24-96 hour and 96-720 hour intervals, the following expressions may be used to
determine the effective X/Q. This deterministic approach assumes that the stack plume
reverses direction for 1 hour of each day for the duration of the event. The. plume is assumed
to fold over itself such that the ground level concentration is at its maximum value at the
Control Room intake.

I*1 PA VAN +
X ARCON96

23*
Q 24-96 HRS

~Q 24--*96 HRS

IQiL ),720hr

24

(.sPAVAN ~ sARCON96

1* - +23* (-)
96-720 hrs 964720 hrs

24

(1)

(2)

4 1

3.2.3 Vent Releases

The ARCON96 calculation of vent releases includes an algorithm to model mixed-mode
releases as described in Regulatory Guide 1.111 (Ref. 10), which addresses X/Q values
used in the assessment of routine effluent releases. The development of this algorithm was
based in part on limited field experiments. Given the limited experiment set, the results
obtained with this algorithm may not be sufficiently conservative for accident evaluations.
For this reason, the vent release mode should not be used in design basis assessments. This
position is consistent with the guidance of Regulatory Guide 1.145 (Ref. 9) for offsite X/Q
values. These releases should be treated as a ground level release (Section 3.2.1) or as an
elevated release (Section 3.2.2).

N/A.

See Section 3.2.1.
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3.2.4 Diffuse Area Sources N/A.

The diffusion models in ARCON96 are based on point-source formulations. However,
some release sources may be better characterized as area sources. Examples of possible
area sources are postulated releases from the surface of a reactor or a secondary
containment building. Typical assessments for loss-of-coolant accidents (LOCAs) have
conservatively assumed that the containment structure could leak anywhere on the exposed
surface. As such, these assessments typically used the shortest distance between the
building surface and the Control Room intake and have treated the building as a point
source. This approach may be unnecessarily conservative. A more reasonable approach,
while still maintaining adequate conservatism, would be to model the building surface as a
vertical planar area source. This approach is not intended to address dispersion resulting
from building-induced turbulence. Treatment of a release as a diffuse source will be
acceptable for design basis calculations if the guidance herein is followed. The staff may
consider deviations from this guidance on a case-by-case basis.

The diffusion models are based on point-
source formulations.

3.2.4.1 Diffuse source modeling should be used only for those situations in which the activity N/A.
being released is homogeneously distributed throughout the building and when the
assumed release rate from the building surface would be reasonably constant over the
surface of the building. For example, steam releases within a Turbine Building with roof source formulations.
ventilators or louvered walls would generally not be suitable for modeling as a diffuse
source. (See Regulatory Positions 3.2.4.7 and 3.2.4.8.).

3.2.4.2 Since leakage is more likely to occur at a penetration, analysts must consider the potential N/A.
impact of building penetrations exposed to the environment within this modeled area. If
the penetration release would be more limiting, the diffuse area source model should not be
used. Releases from personnel air locks and equipment hatches exposed to the source formulations.
environment, or containment purge releases prior to containment isolation, may need to be
treated differently. It may be necessary to consider several cases to ensure that the X/Q
value for the most limiting location is identified.
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l Note: Penetrations that are enclosed within safety-related structures need not be considered
in this evaluation if the release would be captured and released via a plant ventilation
system, as ventilation system releases should have already been addressed as a separate
release point.

l I

3.2.4.3 The total release rate (e.g., Ci s-') from the building atmosphere is to be used in
conjunction with the diffuse area source XIQ in assessments. This release rate is assumed
to be equally distributed over the entire diffuse source area from which the radioactivity
release can enter the environment. For freestanding containments, this would be the entire
periphery above grade or above a building that surrounds the lower elevations of the
containment. When a licensee can justify assuming collection of a portion of the release
from the containment within the surrounding building, the total release from the
containment may be apportioned between the exposed and enclosed building surfaces.
Similarly, if the building atmosphere release is modeled through more than one
simultaneous pathway (e.g., drywell leakage and main steam safety valve leakage in a
BWR), only that portion of the total release released through the building surface should be
used with the diffuse area X/Q. The release rate should not be averaged or otherwise
apportioned over the surface area of the building. For example, reducing the release rate
by 50 percent because only 50 percent of the surface faces the Control Room intake would
be inappropriate.

N/A.

The diffusion models are based on point-
source formulations.

4

3.2.4.4 ARCON96 uses two initial diffusion coefficients entered by the user to represent the area
source. There are insufficient field measurements to mechanistically model these initial
diffusion coefficients. The following deterministic equations should be used in the
absence of site-specific empirical data.

Note: See Regulatory Position 7 regarding the use of site-specific empirical measurements.

N/A.

The diffusion models are based on point-
source formulations.

Widtharea sorce

° 6

Heightama source

6

(3)

(4)
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3.2.4.5 The height and width of the area source (e.g., the building surface) are taken as the N/A.
maximum vertical and horizontal dimensions of the above-grade building cross-sectional
area perpendicular to the line of sight from the building center to the Control Room intake. The difusion sa
These dimensions are projected onto a vertical plane perpendicular to thE line of sight and source formulations.
located at the closest point on the building surface to the Control Room iintake. The release
height is set at the vertical center of the projected plane. The source-to-receptor distance
(slant path) is measured from this point to the Control Room intake.

3.2.4.6 Intentional releases from a secondary containment (e.g., standby gas treatment systems N/A.
(SGTS) at BWR reactors) or annulus ventilation systems in dual containment structures
should be treated as a ground-level release or an elevated stack release, as appropriate. The
diffuse area source model may be appropriate for time intervals for which the secondary source formulations.
containment or annulus ventilation system is not capable of maintaining the requisite
negative pressure differential specified in Technical Specifications or in the FSAR.
Secondary containment bypass leakage (i.e., leakage from the primary containment that
bypasses the secondary containment and is not collected by the SGTS) should be treated as
a ground-level release or an elevated stack release, as appropriate.

3.2.4.7 A second possible application of the diffuse area source model is determining a y/Q value N/A.
for multiple (i.e., 3 or more) roof vents. This treatment would be appropriate for
configurations in which (1) the vents are in a close arrangement, (2) no individual vent is The diffusion models are based on point-
significantly closer to the Control Room intake than the center of the area source, (3) the source formulations.
release rate from each vent is approximately the same, and (4) no credit is taken for plume
rise. The distance to the receptor is measured from the closest point on the perimeter of the
assumed area source. For assumed areas that are not circular, the area width is measured
perpendicular to the line of sight from the center of the assumed source to the Control
Room intake. The initial diffusion coefficient cay, is found by Equation 3; czr is assumed
to be O.O.

Note: The degree of significance will depend on the radius or width of the assumed area
and the proximity of the vent cluster to the Control Room intake. As the radius decreases
or the distance from the cluster to the Control Room intake increases, the less significance
the position of any one vent has.
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3.2.4.8 A third possible application of the diffuse area source model is determining a X/Q value for
large louvered panels or large openings (e.g., railway doors on BWR Mark I plants) on
vertical walls. This treatment would be appropriate for a louvered panel or opening when
(1) the release rate from the building interior is essentially equally dispersed over the entire
surface of the panel or opening and (2) assumptions of mixing, dilution, Sand transport
within the building necessary to meet condition I are supported by the interior building
arrangement. The staff has traditionally not allowed credit for mixing aid holdup in
Turbine Buildings because of the buoyant nature of steam releases and the typical presence
of high volume roof exhaust ventilators. The distance to the receptor and the release height
is measured from the center of the louvered panel or opening. Initial diffusion coefficients
are found using Equations 3 and 4 assuming the width and height is that of the panel or
opening rather than that of the building. If the area source and the intake are on the same
building surface such that wind flows along the building surface would transport the
release to the intake, the initial dispersion coefficient will need to be adjusted. If the
included angle between the source-receptor line of sight and the vertical axis of the
assumed source is less than 45 degrees, cry. should be set to 0.0. If the included angle
between the source-receptor line of sight and the horizontal axis of the assumed source is
less than 45 degrees, az. should be set to 0.0.

N/A.

The diffusion models are based on point-
source formulations.

_

3.3 Determination of Control Room Intakes (Receptors)

This section of the guide provides guidance to the meteorological analyst in applying
models for determining X/Q values that are appropriate for the as-built configuration of
Control Room intakes. Radioactive materials released during an accident can enter the
Control Room envelope via several potential pathways. These pathways may be
intentional (e.g.,.ventilation system outside air intakes) and unintentional infiltration paths
(e.g., doorways, envelope penetrations, leakage in ventilation system components). The
applicable pathways will vary from site to site depending on the arrangement of the
ControlTRom envelope in relation to other site buildings, the pressure differentials
between these buildings and the Control Room, the configuration of Control Room
ventilation systems, and the classification of the Control Room dose control (e.g., zone
isolation with filtered pressurization, zone isolation with no pressurization). It may be
necessary to determine yJQ values for each potential pathway. However, the selection of
one or more -bounding intakes for the XJQ evaluation may be sufficient to establish
compliance with regulatory guidelines.

Conforms

The Control Room envelope potential
pathways were evaluated. It was
determined that these pathways include
ventilation system outside air intakes and
unintentional infiltration paths. A single,
bounding X/Q value was determined for the
two potential pathways.

_______ n _________________________________________________ . ____________ I _______________________________
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3.3.1 Ventilation System Outside Air Intakes Conforms

All Control Room ventilation systems draw makeup air from the environment during Control Room ventilation system
normal operations and many draw air from the environment for the purpose of supplying configuration for normal and emergency
filtered pressurization air. The configuration of these systems may change between normal modes was considered when identifying the
and emergency modes. In some configurations, normal ventilation outside air intakes Control Room outside air intakes for which
isolate and different intakes open to supply pressurization air. Some intake dampers may 7/Q values should be calculated.
have failure modes related to loss of ac power or single failures. These considerations
should be evaluated in identifying the Control Room outside air intakes for which X/Q
values should be calculated.

3.3.2 Dual Ventilation Outside Air Intakes

This section applies to Control Room ventilation system configurations that have two
outside air intakes, each of which meets applicable design criteria of an engineered
safeguards feature (ESF), including single-failure criterion, missile protection, seismic
criteria, and operability under loss-of-offsite AC power conditions. Operability
requirements should be provided in Technical Specifications. The outside air intakes
should be located with the intent of providing a low contamination intake regardless of
wind direction. The assurance of a low contamination outside air intake depends on
release point configuration, building wake effects, terrain, and the possibility of wind
stagnation or wind direction reversals. The two intakes should not be within the same
wind direction window, defined as a wedge centered on the line of sight between the
source and the receptor with the vertex located on the release point. If ARCON96 is used,
the wedge angle is 900 (i.e., 45 degrees on either side of the line of sight). If the methods
of Regulatory Position 4 are used, the size of the wedge is as given in Table 2. Figure 3
illustrates four examples of the interplay between Control Room intakes, release points,
and wind direction windows. In addition, the analyst should consider X( Q values for
infiltration pathways as discussed in Regulatory Position 3.3.3.

The methods of this regulatory position involve identification of the limiting and favorable
intakes with regard to their XJQ value. Because of the interplay of building wake, plume
rise, wind direction frequency, intake flow rate, and other parameters, it may not be
possible to identifv the limiting or favorable intake bv observation. In these situations. d/O

N/A.

The Control Room ventilation system has a
single outside air intake.
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3.3.2.1 If both of the dual intakes are located within the same wind direction window, both intakes
could be contaminated (See Figure 3(a)). In this case, the XIQ values fog1 each air intake
should be calculated using ARCON96 as described in other sections of this guide and an
effective X/Q value calculated. Equation 5a should be used if the intake Dow rates are
equal. If the intake flow rates are not equal, but the imbalance does not 'hift between
intakes, Equation 5b should be used. If the flow rate imbalance can shift between intakes,
Equation 5c should be used. This calculation is repeated for each averaging time interval.

N/A.

The Control Room ventilation system has a
single outside air intake.

X/Q = 0.51(XIQ)l + (X/Q) 2 ]

Q= F. (X/Q) I + F2(X/Q)2

F.+ F2

(5a)

(5b)

max (F,,F2 ).* max [(X/Q),,(XIQ) 2 1+ min (F,,F 2)*min [(XIQ),,(X/Q) 21
F, +F 2

(5c)
Where:

X/Q = Effective X/Q, s m-3

(X/Q1, (XIQ)2 = X/Q value for outside air intakes 1 and 2, s M-3

F;, F2 = Flow rate for outside air intakes 1 and 2, cfm. ~ ~ ~ -I, .

3.3.2.2 If the dual outside air intakes are not in the same wind direction window but cannot be N/A.
isolated by design, the X/Q values for the limiting outside air intake should be calculated
for each time interval as described elsewhere in this guide. Equation 6a should be used if
the intake flow rates are equal. If the intake flow rates are not equal, but the imbalance single outside air intake.
does not shift between intakes, Equation 6b should be used. If the flow rate imbalance can
shift between intakes, Equation 6c should be used.
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X/Q = 0.5 max [(X/Q),, (X/Q)2 ] (6a)

-/Q max[(FI (X/Q),, F2 (X/Q),]
F. + F2 (b

max (F,,F 2 ) max [(X/Q)1 , (X/Q)2] (6c)
F.+ F2

3.3.2.3 If the ventilation system design allows the operator to manually select the least N/A.
contaminated outside air intake as a source of outside air makeup and close the other The Control Room ventilation system has a
intake, the XVQ values for each of the outside air intakes should be calculated for each time
interval as described elsewhere in this guide. The X/Q value for the limiting intake should
be used for the time interval prior to intake isolation. This XJQ value may be reduced by a
factor of 2 to account for dilution by the flow from the other intake (see Equation 6a). The
X/Q values for the favorable intake are used for the subsequent time intervals. The G/Q
values for the favorable intake may be reduced by a factor of 4 to account for the dual inlet
and the expectation that the operator will make the proper intake selection. This protocol
should be used only if the dual intakes are in different wind direction windows and if there
are redundant, ESF-grade radiation monitors within each intake, with Control Room
indication and alarm, to monitor the intakes. The requisite steps to seleci the least
contaminated outside air intake, and provisions for monitoring to ensure the least
contaminated intake is in use throughout the event, should be addressed in procedures and
in operator training.

A conservative delay time should be assumed for the operator to complete the necessary
actions. This delay period should consider: (1) the time for the operator to recognize the
radiation monitor alarm and determine its validity (as provided for in the alarm response
procedure), (2) delays associated with other accident response actions competing for the
operator's attention, (3) the time needed to complete the actions, and (4) diesel generator
sequencing time, if applicable. If actions are required outside the Control Room, delays
associated with transit to the local control stations (including those delays caused by
worker radiological protection controls associated with accident dose rates), and the
availability of personnel should be considered.
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Note: The adjustment protocol and the numeric factors of this section are deterministic in
nature and are expected to be conservative for most sites. Different factors may be
considered on a case-by-case basis with sufficient justification.

3.3.2.4 If the ventilation system design provides for automatic selection of the least contaminated N/A.
outside air intake, the XfQ values for the favorable intake should be calculated for each The Control Room ventilation system has a
time interval as described elsewhere in this guide. The X/Q values may be reduced by a single outside air intake.
factor of 10 to account for the ability to automatically select a "clean" intake. This
protocol should be used only if the dual intakes are in different wind direction windows,
there are redundant ESF-grade radiation monitors within each intake and an ESF-grade
control logic and actuation circuitry is provided for the automatic selection of a clean
intake throughout the event.

3.3.3 Infiltration Pathways Conforms

Infiltration of contaminated air to a Control Room can be minimized by proper design and The X waQ determined for infiltration
maintenance of the Control Room envelope (CRE). However, infiltration is always a pathways was evuae an t wasdetermined that the use of the X/Q
possibility and the location and significance of these leakage pathways may warrant calculated for the Control Room habitability
determination of x/Q values. An unfiltered inleakage path of 100 cfm can admit the same envelope outside air intake was acceptable.
quantity of radioactive material as a pressurization air intake having a flow of 2000 cfm A more complete discussion is provided in
through a 95 percent efficient filter. The situation can be further compounded if the X/Q Attachment 2, Section 4.1.
for the unfiltered pathway is more limiting than that for the Control Room outside air
intake.

The infiltration paths actually applicable to a particular facility will be identified via
inleakage testing or CRE inspections and surveillances. Refer to Table AWI,
"Determination of Vulnerability Susceptibility," of NEI 99-03, "Control Room Habitability
Guidance" (Ref. 16), for further guidance on infiltration pathways.

A 95*-percentile XIQ value should be determined for each time interval for any infiltration
path that could result in a significant intake of contaminated air into the CRE. Because of
the interplay of source-to-receptor distance and direction, infiltration path flow rate,
whether the path is filtered or unfiltered, and other considerations, it may not be possible to
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identify the potential impact of an infiltration path by observation. In these situations, IJQ
values should be calculated for each pathway and the limiting x/Q value(s) identified. If
there is sufficient margin available, it may be possible to calculate X/Q values assuming the
shortest distance between the release point and any identified point of infiltration on the
outside of the CRE.

3.4 Determination of Source-Receptor Distances and Directions Conforms

When the combinations of release points and intakes have been identified, the direction and
distance between the release point and the intake should be determined. Wind direction Appropriate wind directions and source-
data are recorded as the direction from which the wind blows (e.g., a north wind blows receptor distances were input into
from the north; a wind blowing out of the west is recorded with a direction of 270 degrees). ARCON96 for determination of the x/Qs for
The direction input to ARCON96 is the wind direction that would carry the plume from the each of the accidents analyzed. No taut
release point to the intake. For example, an analyst standing at the intake facing west to string distances were used in the X/Q
the release point, would enter 270 degrees; an analyst facing north, would enter 360 determination.
degrees, etc.

The source-to-receptor distance is the shortest horizontal distance between the release point All distances to the new CRHE air intake
and the intake. ARCON96 will use this distance and the elevations of the source and are > 10in.
receptor to calculate the slant path. For an area source such as building surface, the
shortest horizontal distance from the building surface to the Control Room intake is used as
the source-to-receptor distance. For releases within building complexes, the shortest
horizontal distance between the release point and the intake could be through intervening
buildings. In these cases, it is acceptable to take the length of the shortest path (e.g., "taut
string length") around or over the intervening building as the source-to-receptor distance.
If the distance to the receptor is less than about 10 meters, the ARCON96 code and the
procedures in Regulatory Position 4 should not be used to assess X/Q values. These
situations will need to be addressed on a case-by-case basis.

Note: The site meteorological tower wind direction sensors are generally calibrated with
reference to true north (360 degrees). Analysts should use caution in measuring directions
on site engineering drawings since these drawings typically incorporate a plant grid and a
plant "north" that may not align with true north. The source-to-receptor directions input to
ARCON96 must use the same north reference as the wind direction observations.
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4.0 ALTERNATIVE PROCEDURES FOR GROUND-LEVEL RELEASE$ N/A.

This regulatory position addresses alternative methods for determining )Q values for All ground level releases were determined
Control Room radiological habitability assessments. The methods in Regulatory per the preceding methodology.
Positions 4.1 to 4.3 are based on Murphy-Campe (Ref. 2) and the Standard Review Plan
Chapter 6.4 (Ref. 3).

4.1 Point Source-Point Receptor N/A.

The 0-8 hour 95h-percentile (Note: The Murphy-Campe document identified this as the 5 h- All ground level releases were determined
percentile /Q value.) X/Q value for a single point source on the surface ofithe containment
or other building and a single point receptor with a difference in elevatiop less than 30
percent of the building height may be estimated using Equation 7.

X 1
Q=3oUeoz (7)

Where:

X/Q = Relative concentration at plume centerline for time interval 0-8 hours, s mn-

3 = Wake factor

U = Wind speed at 10 meters, m s-

)y, a, = Standard deviation, in meters, of the gas concentration in the horizontal and
vertical cross wind directions evaluated at distance x and by stability class

4.2 Diffuse Source-Point Receptor N/A.

Equation 8 may be used when the activity is assumed to leak from many points on the All ground level releases were determined
surface of a building such as the containment in conjunction with a single point receptor. per the preceding ARCON96 methodology
This equation is also appropriate for point source-point receptors where the difference in and all sources were considered point
elevation between the source and the receptor is greater than 30 percent ot the height of the sources.
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upwind building, typically the containment, which creates the most significant building
wake impact. The equation is also applicable to a point source and volume receptor (e.g.,
an isolated Control Room with infiltration occurring at many locations).

x AM =u S 'r Ka2)j (8)

Where:

XlQ =Relative concentration at plume centerline for time interval 0-8 hours, s m 3

U = Wind speed at 10 meters, m s-l

a, cr, = Standard deviation, in meters, of the gas concentration in the horizontal and
vertical cross wind directions evaluated at distance x and by stability class

3
(sld)'4

s = Shortest distance between building surface and receptor location, m

d = Diameter or width of building, m

A = Cross-section area of building, m2

The reference to "building" in the definitions of s, d, and A is to the diffuse source (e.g.,
containment). If the equation is used with a point source, the reference is to the building
that has the greatest impact on the building wake. The values of the parameters (Ty, cy and
U should be determined on the basis of the values of the site meteorological data. Some
early analyses may have been based on generic meteorology conditions (e.g., F stability
with wind speeds of 1.0 m s i). If these early analyses are to be updated, the staff
recommends that the ARCON96 code be used. If the ARCON96 code is not used, site-
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specific hourly meteorological data should be used to determine the 95*-percentile X/Q
value. Figures 4 and 5 provide sigma values by stability category for distances greater than
10 meters. The data on these graphs should not be extrapolated for distanfces less than
10 meters.

4.3 Point or Diffuse Source with Two Alternative Receptors N/A.

Equations 7 and 8 of this guide may be used in conjunction with the procedures in All ground level releases were determinedper the preceding ARCON96 methodologyRegulatory Position 3.3.2 to determine X/Q values for Control Room designs having two or and there is only one receptor.
more Control Room outside air intakes, each of which meets the requirements of an
engineered safety feature (ESF) including, as applicable, single-failure criteria for active
components, seismic criteria, and missile criteria. If Equation 8 of this guide is used, the
parameter K should be set to 0.0. In a change from previous practice, the staff no longer
finds Equation 7 of Reference 2 to be acceptable for use in new applications.

4.4 Determination of X/Q Values for Other Time Intervals N/A.

Equations 7 and 8 are used to determine y/Q values for the first time interval of 0-8 hours. All ground level releases were determined
The X]Q values for other time intervals are obtained by adjusting for long-term per the preceding ARCON96 methodology
meteorological averaging of wind speed and wind direction. This is accomplished by utilizing standard time intervals.
multiplying the 0-8 hour time interval yJQ value by a correction factor for wind speed and a
correction factor for wind direction.

Note: Previous guidance also provided for including a factor to account for personnel
occupancy factors. Since typical radiological analysis codes provide the capability to enter
these factors separately, the staff recommends that the factors not be included in the X/Q
value to avoid inadvertent double crediting.

4.4.1 X/Q Correction for Wind Speed Averaging N/A.

This correction is defined as the ratio of the wind speed used to determine the 0-8 hour Q All ground level releases were determined
value to the wind speed appropriate for each of the other time intervals. Column 2 of per the preceding ARCON96 methodologyutiliigsadrtieitra;
Table 1 tabulates the wind speed percentiles that correspond to each of these intervals. The izing standard time intervals;
hourly data should be arranged in order of wind and the wind consequently, no X'Q correction is required

pe e. t lordest oincreasing speed d the wind speed p
______ percentiles determined (i.e., the lowest wind speeds associated with the lowest percentiles). prwind speed averaging.
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Include only the wind speed data associated with wind directions from sectors that result in
receptor contamination. Table 2 tabulates the size of the minimum wind direction window
to be used. From this ranking, identify the wind speed value for each interval that is not
exceeded more than the stated percentage of the time. Divide this wind speed value into
the 5h-percentile wind speed used to determine the 0-8 hour X/Q to obtain the XIQ
correction factor for wind speed. The values shown in Column I of Table I are
representative correction factors that may be used if hourly observation meteorological
data are not available.

Table I

X/Q Correction for Wind Speed Averaging

Time Interval
0-8 hours
8-24 hours
1-4 days
4-30 days

Column 1
Representative

X/Q Factors
1.0

0.67
0.50
0.33

Column 2
Corresponding

Wind Speed Percentile
5
10
20
40

Table 2

Wind Direction Sectors

s/d Ratio

>2.5
1.25 - 2.5
0.8- 1.25
0.6 - 0.8
0.5 -0.6
0.35 - 0.5
<0.35

Minimum Window
(Note: Centered on the

source-to-receptor direction.)

68°
900

1130
1350
1580
1800

225°
I __:



Attachment 4 to PLA-5963
Page 19 of 33Regulatory Guide 1.194 Compliance Table

__ __ __ __ __ __ __ _:_ r

The s/d is defined as:

s Shortest distance between building surface and receptor location, m

d Diameter or Width of building, m

The reference to "building" in Equation 9 is to the diffuse source (e.g., containment). If
the equation is used with a point source, the reference is to the building that has the
greatest impact on the building wake.

I
4.4.2 X/Q Correction for Wind Direction Averaging

The average wind direction frequency F is obtained by summing the annual average wind
direction frequencies within the minimum window. Table 2 tabulates the size of the
minimum wind direction window to be used. Column 2 of Table 3 is used to determine the
X/Q correction factor for wind direction for each time interval. Column 1 is used when F
has not been determined.

Table 3

Wind Direction Averaging Correction

N/A.

All ground level releases were determined
per the preceding ARCON96 methodology
utilizing standard time intervals;
consequently, no X/Q correction is required
per wind direction averaging.

Time Interval
0-8 hours
8-24 hours
1-4 days
4-30 days

Column 1
Representative

X/Q Factors
1.0

0.88
0.75
0.5

Column 2
Equations for
X/Q Factors

' 1.0
0.75 + F/4
0,50 + F/2

F
I
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5.0 INSTANTANEOUS PUFF RELEASES

The alternative method in this section may be used to model the release tp the environment
as an instantaneous puff release. One hundred percent of the radionuclides must be
released directly to the environment over a period no longer than about 1 minute for a
release to qualify as a puff release. Releases to enclosed buildings, intermittent releases
that occur over a period longer than about 1 minute (e.g., releases from relief valves,
atmospheric dumps), and releases that occur over a period longer than about 1 minute
should be treated as continuous point source releases. The diffusion equation for an
instantaneous puff ground level release, with no puff rise and no crosswind offset (i.e.,
center of puff is assumed to pass over Control Room intake), integrated over the duration
of the puff passage is:

Where:

Conforms

The instantaneous puff release from the RB
Unit 2 blowout panel was calculated for the
main steam line break accident analysis per
the methodology to the left.

One hundred percent of the radionuclides
were released directly to the environment
over a period less than 1 minute. The
RADTRAD model assumed a RB main
steam tunnel volume of 5.61 lE+4 cf and an
exit flow rate of 3.13E+6 cfm to the
environment.

The effective relative concentration
calculated for the puff was input to
RADTRAD.

A detailed calculation is provided in
Attachment 10, Calculation
EC-RADN-1 128, Sections 4.4 through 4.6.

-(x,u,kh) =
Q

Ir 2
0 (a'(x k) + ai2)1I2 (2,r) 3 12 (O2 (x~k) + a,2) *

Jr f (t)dt

expr -x-u*t 2 ] F(t~dt
L 2 ,ay (xok) + qa2) (a2(,k)+o2)
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X.-3
-(x, u, x, h) = Effective puff relative concentration, s m
Q
X = Integrated concentration at control intake, Ci m 3s'
Q= Relative quantity, for nuclide i, Ci

x = Release point to receptor distance, m
u = Wind speed, m/sec. Assume 1.0 m s

k = Stability Class. Assume F.
h = Difference in elevation between the physical release point and the control

room intake, m. If the control room intake is at a higher elevation than
the release point and the puff is bouyant, assume h = 0.

T = Time for trailing edge of puff to pass control room intake, sec.
x + 3 [o,y (x, k) + cj]

u
F = Control room total intake flow rate, cfm. (If the control room intake flow

rate is constant over the period 0 to T seconds, the F(t) terms can be omitted
from Equation 10.

chewy (x, k) = Standard deviation, m, of the puff in the horizontal along the wind

direction and cross - wind directions at the receptor locations. Use
Figure 4 with the distance x and Stability Class K to determine

ax at the receptor, e.g., <ax y = oy-

0, (x, k) = Standard deviation, m, of the puff in the vertical cross - wind direction
at the receptor location. Use Figure 5 with the distance x and Stability
Class K to determine az at the receptor.

L ______________________________
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iT
= Initial standard deviation, m[ 2V

(27I2 J
V = Initial puff volume (expanded to standard atmospheric conditions), m3 (The

puff dimensions that would exist when the puff is at the control room intake
are assumed to exist during the entire puff transit.

Equation 10 provides the effective relative concentration for the puff. This value can be
input to dose assessment codes such as RADTRAD or HABIT as any value of X/Q would
be if the intake flows, release duration, and release rates are modeled consistent with the
inputs to Equation 10.

6.0 PLUME RISE

An applicant or licensee may propose adjustments to the release height for plume rise that
are due to buoyancy or mechanical jet on a case-by-case basis. In order to credit these
adjustments, the applicant or licensee must be able to demonstrate that the assumed
buoyancy or vertical velocity of the effluent plumes will be maintained throughout the time
intervals that plume rise is credited. Such justifications need to consider the availability of
AC power, failure modes of dampers and ductwork, time-dependent release stream
temperatures and pressures, and 959-percentile wind speeds and ambient temperatures.
(Note: As used here, 95*-percentile wind speed is that wind speed that is not exceeded
more than 5 percent of the time. A 95*h-percentile ambient temperature is' that temperature

-that is n-ot exceeded more than 5 percent of the time). Plume rise may be considered for
freestanding stacks and for vents located on plant buildings. However, plume rise may not
bused in demo ing that a particular stack meets the 2-1/2 times the adjacent structure
heighteion in Regulatory Position 3.2.2. A mixed-mode release model, such as that in
Regulatory Guide 1.111 (Ref. 10), should not be used for design basis assessments.

The plume rise may be determined through the use of the following set of equations
(Ref. 17).T1he p eriseforplant vents is determined using Equation 11, The distance x
is entered as the horizontal distance between the vent and the Control Room outside air
intake.= -

N/A.

Plume rise was not considered in the X/Q
determinations.

_ I
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The plume rise for isolated, free-standing stacks is calculated using Equations 11, 12, and
13. The distance x in Equation 11 should be based on the downwind location
corresponding to the maximum X/Q value. See Regulatory Position 3.2.4. The plume rises
calculated using Equations 12 and 13 should be compared and the larger plume rise
identified. The result of this comparison is then compared to the plume rise determined
using Equation 11 and the smaller plume rise selected for use.

Ah[3 *.F.*x+ 3 *Fb *x21-W, I22p U3
(11)

(12)Ah = 2.6 (J'

Ah = 2.44 () 4

D . ~~. , - S. s -

(13)

J. __________________________________________________________
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Where:

Ah = Plume rise, m

Fm = Momentum flux parameter, m4 s-2

POVOwO '

7Pa
= Dimensionless entrainment constant for momentum = 0.6

U = Wind speed at release height, m s-'

x = Distance from release point to receptor, m

Fb = Bouyancy flux parameter, in' s3

g(P. -p 0 )Vo

7Pa

wO - Effluent exit velocity, ms-'

V0 = Volumetric release rate, m' s-'

p0 = Effluent density after expansion to atmospheric pressure, kg m-3

Pa = Density of air, kg m 3

s = 0.0001 s-2 for A, B, C, and D stability; 0.00049 s-2 for E stability;

0.0013 s-2 for F stability; 0.002 s2 for G stability

g = Gravitational acceleration, 9.8 m S-2

Although ARCON96 processes ambient meteorological conditions on an hour-by-hour
basis, the code cannot vary the other parameters that enter into a plume rise determination.
For example, wind speed and stability class are varied hour by hour, but the density of air,
the density of the effluent stream, and the vertical velocity are not varied hour-by-hour. As
such, the analyst should ensure that these parameters are bounding for the entire period of
the X/Q assessment or use individual time intervals to model the time-variant parameters.
An alternative approach would be to calculate the plume rise for each hour independently
of ARCON96 and to select a plume rise that is exceeded more than 95 percent of the time.
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I This rise is then added to the stack height as input to ARCON96.

In lieu of mechanistically addressing the amount of buoyant plume rise associated with
energetic releases from steam relief valves or atmospheric dump valves, the ground level
X/Q value calculated with ARCON96 (on the basis of the physical height of the release
point) may be reduced. (Note: This adjustment factor and the associated Velocity ratio
criterion are deterministic in nature and their selection was based on sensitivity analyses
performed for typical steam release points at LWRs.) The adjustment factor should not be
ratioed for different vertical velocity ratios) by a factor of 5. This reduction may be taken
only if (1) the release point is uncapped and vertically oriented and (2) the time-dependent
vertical velocity exceeds the 95*-percentile wind speed. [Note: As used here, 95 h-
percentile wind speed is that wind speed that is not exceeded more than 5 percent of the
time. A 95*-percentile ambient temperature is that temperature that is not exceeded more
than 5 percent of the time (at the release point height) by a factor of 5.]

�1

4

7.0 USE OF SITE-SPECIFIC EXPERIMENTAL DATA

The methods and parameters provided in this guide are acceptable for use for design basis
Control Room habitability radiological assessments provided that all stated prerequisites
and conditions are met. The staff believes that use of the guidance in this guide will result
in X/Q values that are acceptably conservative. However, there may be circumstances in
which these methods and parameters may not be advantageous for a particular plant
configuration and site meteorological regimes and may lead to results that are deemed to be
unnecessarily conservative. Licensees and applicants may opt to propose-alternative
methods and parameters such as those that are based in part on data obtained from site-
specific experimental measurements. Data based on wind tunnel tests should be
accompanied with an evaluation of the representativeness of the experiment results to the
particular plant configuration and site meteorological regimes. These proposed
alternatives, with supporting data, will be considered by the staff on a case-by-case basis.

The staff recommends that licensees considering an experimental program request a
meeting with the staff in advance of starting the program. The intent of this
recommendation is to allow the staff and the licensee (or applicant) to discuss the proposed
program, prior to resource expenditure, and for the staff to provide a prelininary
assessment of the proposal. The staff's approval of the proposed alternative methods and

N/A.

No experimental data was utilized to
calculate the X/Qs.

I
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parameters will not be granted, however, until the licensee or applicant completes the
experimental program and dockets the proposal with supporting analyses and data for
formal staff review.

An acceptable experimental program should incorporate the following standards:

7.1 The experimental program should be appropriately structured so as to provide data of
appropriate quantity and quality to support data analysis and conclusions-drawn from that
data. The program should be developed by personnel who have educational and work No experimental data was utilized to
experience credentials in air dispersion meteorology and modeling, calculate the X/Qs.

7.2 The experimental program should encompass a sufficient range of meteorological N/A
conditions applicable to the particular site so as to ensure that the data obtained address the
site-specific meteorological regimes and the site-specific release point/receptor No experimental data was utilized to
configurations that impact the Control Room X/Q values. Meteorological conditions calculate the x/Qs.
observed at the particular site with a frequency of 5 percent or greater in a year should be
addressed. Parameters derived from statistical analyses on the experimental data should
represent the 95t -percentile confidence level.

The experimental program, including data reduction and analysis, should incorporate N/A
applicable quality control criteria of Appendix B to 10 CFR Part 50. The products of the
experimental program should be verified and validated. No experimental data was utilized to

___ calculate the X/Qs.
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Table A-2
ARCON96 INPUT PARAMETERS FOR DESIGN BASIS ASSESSMENTS

Parameter/Discussion/ Acceptable Input Basis of Compliance

Lower Measurement Height, meters Conforms

The actual instrumentation lower measurement
The value of this parameter is used by ARCON96 to adjust wind speeds for differences between height of 10 meters was utilized.
the heights of the instrumentation and the release.

Use the actual instrumentation height when known. Otherwise, assume 10 meters.

Upper Measurement Height, meters Conforms

The actual instrumentation upper measurement
The value of this parameter is used by ARCON96 to adjust wind speeds for differences between height of 60 meters was utilized.
the heights of the instrumentation and the release.

Use the actual instrumentation height when known. Otherwise, use the height of the
containment or the stack height, as appropriate. If wind speed measurements are available at
more than two elevations, the instrumentation at the height closest to the release height should be
used.

Wind Speed Units Conforms

ARCON96 requires that wind speed be entered as miles per hour, m s-1, or knots.
Wind speed was entered as milles per hour,

Use the wind speed units that correspond to the units of the wind speeds in the meteorological which corresponds to the units of the wind
data file, speeds in the meteorological data files.

dat fie
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Release Height, meters

The value of the release height is used for three purposes in ARCON96: (1) to adjust wind
speeds for differences between the heights of the instrumentation and the release, (2) to
determine slant path for ground level releases, (3) to correct off-centerline data for elevated
releases.

Use the actual release heights whenever available. Plume rise from buoyancy and mechanical jet
effects may be considered in establishing the release height if the analyst can demonstrate with
reasonable assurance that the vertical velocity of the release will be maintained during the course
of the accident. If actual release height is not available, set release height equal to intake height.

Conforms

For the five source-receptor locations, the
actual release height was utilized or the release
height was conservatively assumed to be 0
(assume release height equals intake height).

Plume rise from buoyancy and mechanical jet
effects was not considered in establishing the
release height.

I

Building Area, meters2

ARCON96 uses the value of the building area in the high speed wind speed adjustment for
ground-level and vent release models.

Conforms

The actual building vertical cross-sectional
area perpendicular to the wind direction was
conservatively calculated. A value of 2,685 r 2

was utilized.Use the actual building vertical cross-sectional area perpendicular to the wind direction. Use
default of 2000 in2 if the area is not readily available. Do not enter zero. Use 0.01 m2 if a zero
entry is desired.

Note: This building area is for the building(s) that has the largest impact on the building wake
within the wind direction window. This is usually, but need not always be, the reactor
containment. With regard to the diffuse area source option, the building area entered here may
be different from that used to establish the diffuse source.



Attachment 4 to PLA-5963
Page 29 of 33Regulatory Guide 1.194 Compliance Table

Vertical Velocity, meters/second

In ARCON96, the value of the vertical velocity is used only in vent and stack release niodels. It
is used for the downwash calculation. In the vent release model the velocity is used in the
mixed-mode calculation.

If the vertical velocity is set to zero, the maximum downwash will be calculated and the release
height will be reduced by an amount equal to six times the stack radius.

Note: The vent release model should not be used for DBA accident calculations.

For stack release calculations only, use the actual vertical velocity if the licensee can
demonstrate with reasonable assurance that the value will be maintained during the course of the
accident (e.g., addressed by technical specifications), otherwise, enter zero. If the vertical
velocity is set to zero, ARCON96 will reduce the stack height by 6 times the stack radius for all
wind speeds. If this reduction is not desired, the stack radius should also be set to zero.

N/A.

Vent and stack release models were not
utilized. All releases were ground level.

Stack Flow, meters3/second

ARCON96 uses the value of the stack flow in' X/Q calculations for all 3 release types to ensure
that the near field concentrations are no greater than the concentration at the release point. The
impact diminishes with increasing distance.

Use actual flow if it can be demonstrated with reasonable assurance that the value will be
maintained during the course of the accident (e.g., addressed by Technical Specifications).
Otherwise, enter zero.

The flow is used in both elevated and ground-level release modes to establish a maximum X/Q
value. This value is significant only if the flow is large and the distance from the release point to
the receptor is small.

N/A.

Vent and stack release models were not
utilized. All releases were ground level.
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Stack Radius, meters N/A.

Vent and stack release models were not
ARCON96 uses the value of the stack radius in downwash calculations in the vent and stack utilized all release s were ndv

rees mds utilized. All releases were ground level.release modes.

Use the actual stack internal radius when both the stack radius and vertical velocity are available.
If the stack flow is zero, the radius should be set to zero.

Distance to Receptor, meters Conforms

The value of horizontal distance to the receptor from the release point is used in ARC0N96 for The actual straight-line horizontal distancesThe aluebetween the release point and the Control
calculating the slant range for ground level releases and the off-centerline correction factors for areuz thu strin g ditances

stac reeasemodls.Room are utilized (no taut string distancesstack release models. even for releases in the building complex) to

Use the actual straight-line horizontal distance between the release point and the Control Room calculate the x/Qs.
intake. All source to receptor distances are greater

than 10 meters.
For ground-level releases, it may be appropriate to consider flow around an intervening building
if the building is sufficiently tall that it is unrealistic to expect flow from the release point to go
over the building.

Note: If the distance to receptor is less than about 10 meters, ARCON96 should not be used to
assess relative concentrations.

Intake Height, meters Conforms

The value of the intake height is used in ARCON96 for calculating the slant range for ground The actual Control Room intake height was
level releases and the off-centerline correction factors for stack release models. utilized to calculate the %/Qs.

Use the actual intake height. If the intake height is not available for ground level releases,
assume the intake height is equal to the release height. For elevated releases, assume the height
of the tallest site building.-
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Elevation Difference, meters Conforms

Actual release heights and the intake heights
The value of this parameter is used by ARCON96 to normalize the release heights and the intake teai eleato differenc were utilize
heights when the two heights are specified as "above grade" with different grades for thy release appropriate
point and intake height, or when one measurement is referenced to "above grade" and the other as to determine x/Qs.
to "above sea level."

Use zero unless it is known that the release heights are reported relative to different grades or
reference data.

Direction to Source, degrees Conforms
Wind direction from the intake back to the

ARCON96 uses the value of this parameter and the Wind Direction Window to establish which rees pint was tie to caculte the
range of wind directions should be included in the assessment of the X/Q.

Plant north and true north are considered the
Use the direction FROM the intake back TO the release point. (Wind directions are reported as same at SSES.
the direction from which the wind is blowing. Thus, if the direction from the intake to the
release point is north, a north wind will carry the plume from the release point to the intake.)

No analyses considered ground-level releases
Note: Some facilities have a "plant north" shown on site arrangement drawings that is different that flow around a building rather than over it.
from "true north." The direction entered must have the same point of reference as the wind
directions reported in the meteorological data.

For ground-level releases, if the plume is assumed to flow around a building rather than over it,
the direction may need to be modified to account for the redirected flow. In this case, the X/Q
should be calculated assuming flow around and flow over (through) the building and the higher
of the two X/Q s should be used.
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Surface Roughness Length, meters Conforms

ARCON96 uses the value of this parameter in adjusting wind speeds to account for differences A surface roughness length of 0.2 in lieu of thediffeences default value of 0.1I was utilized to calculate
in meteorological instrumentation height and release height. xQs.

Use a value of 0.2 in lieu of the default value of 0.1 for most sites. (Reasonable values range
from 0.1 for sites with low surface vegetation to 0.5 for forest-covered sites.)

X

Wind Direction Window, degrees Conforms

Used the default values.
Code Default

ARCON96 uses the value of this parameter and the Direction to Source to establish which range
of wind directions should be included in the assessment of the X/Q.

Use the default window of 90 degrees (45 degrees on either side of line of sight from the source
to the receptor).

Minimum Wind Speed, meters/second Conforms

Code Default Used the default values.

ARCON96 uses the value of this parameter to identify calm conditions.

Use the default wind speed of 0.5 m s-I (regardless of the wind speed units entered earlier),
unless there is some indication that the anemometer threshold is greater than 0.6 m s-1.



Attachment 4 to PLA-5963
Page 33 of 33Regulatory Guide 1.194 Compliance Table

Averaging Sector Width Constant Conforms

d DAn averaging sector width constant of 4.3 (theCode Default
preferred value) was utilized to calculate the
y]Qs.ARCON96 uses the value of this parameter to prevent inconsistency between the centerline and

sector average X/Q s for wide plumes. Has largest effect on ground level plumes.

Although the default value is 4, a value of 4.3 is preferred. (A future revision to ARCON96 will
change the default to 4.3)

Initial Diffusion Coefficients, meters Conforms

The initial diffusion coefficients are set to zeroARCON96 uses these parameters in modeling a diffuse source.
since only point sources were utilized in the
evaluation.These values will normally be set to zero. If the diffuse source option is being used, see

Regulatory Position 2.2.4.

Hours in Averages Conforms

Code Default Used the default values.
The values of this parameter were selected to provide results for desired periods and to provide a
smooth X/Q curve.

Use the default values.

Minimum Number of Hours Conforms
Code Default Used the default values.
The default values of this parameter will allow processing with up to 10% missing data.

Use the default values.
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Proposed Technical Specification and Bases Changes

A description of each proposed TS change and the associated basis/safety assessment are
included in Table 5-1. The preceding discussion in Attachment 1, the Safety Assessment
in Attachment 2, and the calculations in Attachments 10 and 11 support these changes.

Table 5-1: Proposed Technical Specification and Bases Changes

Description and Safety Assessment for Specific Changes to TS and TS Bases

Change

#1

Current Technical Specification:

Unit I & 2, Section 1.1: Definitions
DOSE EQUIVALENT I-131 shall be that
concentration of I-131 (microcuries/gram) that
alone would produce the same thyroid dose as the
quantity and isotopic mixture of I-131, .-132
I-133, I-134, and I-135 actually present. The
thyroid dose conversion factors shall be those
listed in ICRP-30. Supplement to Part 1,
Page 192 - 212, Table titled, "Committed Dose
Equivalent in Target Organs or Tissues per Intake
of Unit Activity." Existing calculations using
conversion factors listed in Table M of
TID-14844, AEC, 1962, "Calculation of Distance
Factors for Power and Test Reactor Sites" or those
listed in Table E-7 of Regulatory Guide 1.109,
Rev. 1, NRC, 1977, are acceptable.

Proposed Change:

Unit 1 & 2, Section 1.1: Definitions
DOSE EQUIVALENT I-131 shall be that
concentration of 1-131 (microcuries per gram) which
alone would produce the same total effective dose
equivalent (sum of committed effective dose equivalent
{CEDE} from inhalation plus deep dose equivalent
{DDE} or nominally equivalent to the effective dose
equivalent {EDE} from external exposure
{submersion)) as the quantity and isotopic mixture of
1-131,1-132,1-133,1-134, and 1-135 actually present.
The conversion factors that are used for this
calculation of committed effective dose equivalent
(CEDE) from inhalation shall be those listed in
Table 2.1 of Federal Guidelines Report 11, "Limiting
Values of Radionuclide Intake and Air Concentration
and Dose Conversion Factors for Inhalation,
Submersion, and Ingestion", EPA, 1988, as described
in Regulatory Guide 1.183. The factors in the column
headed "effective" yield doses corresponding to the
CEDE. The conversion factors that are used for the
calculation of EDE (or DDE) from external exposure
(submersion) shall be those listed in Table 111.1 of
Federal Guidance Report 12, "External Exposure to
Radionuclides in Air, Water, and Soil", EPA, 1993, as
described in Regulatory Guide 1.183. The factors in
the column headed "effective" yield doses
corresponding to the EDE.
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Description and Safety Assessment for Specific Changes to TS and TS Bases

Change Basis / Safety Assessment:
#1

Per USNRC RG 1.183, Section 4, 'The NRC Staff has determined that there is an implied synergy
between the ASTs and total effective dose equivalent (TEDE) criteria, and the TID-14844 source
terms and the whole body and thyroid dose criteria, and therefore, they do not expect to allow the
TEDE criteria to be used with the TID-14844 calculated results." Additionally, the NRC stated that
"The dose calculations should determine the TEDE. TEDE is the sum of the committed effective dose
equivalent from inhalation and the deep dose equivalent from external exposure." The NRC also
recommended that inhalation and submergence conversion factors should be taken from Table 2.1 of
FGRI 1 and Table l1.1 of FRG 12. Consequently, the existing DOSE EQUIVALENT 1-131
definition, based on TID-14844 source terms and 10 CFR 100, was revised to exclude those accidents
re-evaluated for the AST and for those accidents re-evaluated for the AST (MSLBA, LOCA, CRDA,
and FHA), the DOSE EQUIVALENT 1-131 definition was rewritten to update the dose conversion
factors to reflect RG 1.183 and 10 CFR 50.67 requirements.

These revised dose conversion factors were used in the re-analyses of the design basis accidents using
AST methodology. The revised accident analyses use inhalation committed effective dose equivalent

......... ... I... ..... -- ... ....... ...-...... ...... . ..... .. .. ... ... .... .................Idose conversion factors from FOR 11 and external committed effective dose equivalent dose
conversion factors from FGR 12. Dose conversion factors from Regulatory Guide 1.109, Revision I,
are used in other calculations of dose equivalency. With the implementation of AST, the accident dose
guidelines of 10 CFR 100 are superseded by the dose criteria of 10 CFR 50.67. The whole body and
thyroid doses of 10 CFR 100 are replaced by the total effective dose equivalent (TEDE) criteria of
10 CFR 50.67. A conforming change to the definition is to delete the word "thyroid" from the
definition. The analyses performed in support of this amendment request determined radiological
consequences in terms of the TEDE dose quantity and were shown to be in compliance with the dose
criteria of 10 CFR 50.67. These changes to the definition are acceptable because they reflect adoption
of the dose conversion factors and dose consequences of the revised radiological analyses.

Change Current Technical Specification: Proposed Change:

#2 Unit I & 2, Section 3.1.7 Unit 1 & 2, Section 3.1.7
LCO 3.1.7 LCO 3.1.7
APPLICABILITY: MODES 1 and 2 APPLICABILITY: MODES 1, 2, and 3
ACTIONS: REQUIRED ACTION: D.1 Be in ACTIONS: REQUIRED ACTION: D.1, Be in
MODE 3 mode 3 AND D.2 BeinM DE 4
ACTIONS: COMPLETION TIME: D.1 12 hours ACTIONS: COMPLETION TIME: D.1 = 12 hours

ACTIONS: COMPLETION TIME: D.2 36 hours

Change Basis / Safety Assessment:

#2 Boron injection from the SLC system is required for suppression pool pH control during a DBA
LOCA. The maintenance of a suppression pool pH level above 7.0 is important to prevent re-
evolution of iodine from the suppression pool water. Consequently, operation of the SLC system was
revised to address reactor modes and timing during a DBA LOCA. I
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Description and Safety Assessment for Specific Changes to TS and TS Bases

Change

#3

Change

#3

Current Technical Specification:

Unit I & 2, Section 3.3.6.1
Table 3.3.6.1-1 (page 5 of 6)
Item 5.e, SLC System Initiation
APPLICABLE MODES OR OTHER SPECIFIED
CONDITIONS = 1, 2

Proposed Change:

Unit 1 & 2, Section 3.3.6.1
Table 3.3.6.1-1 (page 5 of 6)
Item 5.e, SLC System Initiation
APPLICABLE MODES OR OTHER
SPECIFIED CONDITIONS = 1, 2,3

Basis l Safety Assessment:

Boron injection from the SLC system is required for suppression pool pH control during a DBA
LOCA. The maintenance of a suppression pool pH level above 7.0 is important to prevent re-
evolution of iodine from the suppression pool water. Consequently, operation of the SLC system was
revised to address reactor modes during a DBA LOCA.

Change

#4--

Current Technical Specification:
......... .. ...... ................. ............. ........... A........ ... ...............

Unit I & 2, Section 3.7.3
LCO 3.7.3
ACTIONS: CONDITION A: One CREOAS
subsystem inoperable
ACTIONS: CONDITION B: Two CREOAS
subsystems inoperable due to inoperable Control
Room habitability envelope boundary in
MODES 1, 2, and 3.
ACTIONS: REQUIRED ACTION: B. I Restore
Control Room habitability envelope boundary to
OPERABLE status.
ACTIONS: COMPLETION TIME: B.1: 24 hours
ACTIONS: CONDITION F: Two CREOAS
subsystems inoperable during movement of
irradiated fuel assemblies in the secondary
containment, during CORE ALTERATIONS, or
during OPDRVs.
SR 3.7.3.4, SURVEILLANCE: Verify each
CREOAS subsystem can maintain a positive
pressure of ? 0.125 inches water gauge relative to
the outside atmosphere during the
pressurization/filtration mode of operation at a
flow rate < 5810 cfm.
SR 3.7.3.4, FREQUJENCY: 24 months on a
STAGGERED TEST BASIS

Proposed Change:
................ ..................................................... ..........

Unit I & 2, Section 3.7.3
LCO 3.7.3
ACTIONS: CONDITION A: One CREOAS
subsystem inoperable for reasons other than
Condition B
ACTIONS: CONDITION B: One or more
CREOAS subsystems inoperable due to
inoperable Control Room habitability envelope
boundary in MODE 1, 2, or 3
ACTIONS: REQUIRED ACTION: B.1
Implement mitigating actions AND B.2
Restore Control Room habitability envelope
boundary to OPERABLE status
ACTIONS: COMPLETION TIME:
B. 1 :Immediately B.2: 24 hours
ACTIONS: CONDITION F: Two CREOAS
subsystems inoperable during movement of
irradiated fuel assemblies in the secondary
containment, during CORE ALTERATIONS, or
during OPDRVs. OR Required Action and
associated Completion Time of Condition B
not met during movement of irradiated fuel
assemblies in secondary containment, during
CORE ALTERATIONS, or during OPDRVs.
SR 3.7.3.4, SURVEILLANCE: Verify Control
Room boundary integrity in accordance with
the Control Room habitability Program.
SR 3.7.3.4, FREQUENCY: In accordance with
the Control Room habitability Program.
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Description and Safety Assessment for Specific Changes to TS and TS Bases

Change Basis / Safety Assessment:
#4

In NRC Generic Letter 2003-01, Licensees were alerted to findings at facilities that existing Technical
Specifications surveillance requirements for the Control Room Emergency Filtration System (CREFS)
may not be adequate. Specifically, the results of tracer gas tests at facilities indicated that the
differential pressure surveillance is not a reliable method for demonstrating Control Room integrity.

The Technical Specification Task Force and the Nuclear Energy Institute Control Room Habitability
Task Force have developed proposed changes to the Improved Standard Technical Specifications
(NUREGs 1430 through 1434) to replace the differential pressure surveillance with a tracer gas
surveillance and to institute a Control Room Habitability Program that will ensure that Control Room
Habitability is maintained.

These changes were incorporated into TSTF-448, Revision 2, Technical Specification Task Force -
Improved Standard Technical Specifications Change Traveler (Reference 12.2). As a result of this
Traveler, TS Section 3.7.3 was added.

,,~~~~~ ,. ,,,,- .,,_ ....... . .... ..... ..... .. . .. ... ..... ... ..... ....... .. .. . ... .... ... .. ..... .....
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Description and Safety Assessment for Specific Changes to TS and TS Bases
I

Change
#5

Current Technical Specification:

Unit 1 & 2, Section 5.5
The last item number is 5.5.12, "Primary
Containment Leakage Rate Testing Program".

A new section 5.5.13 was added.

Proposed Change:

Unit I & 2, Section 5.5
5.5.13 Control Room Habitability Program

A Control Room Habitability Program shall be
established and implemented to ensure that
Control Room habitability is maintained such
that, with an OPERABLE CREOAS System,
Control Room occupants can control the
reactor safely under normal conditions and
maintain it in a safe condition following a
radiological event, hazardous chemical release,
or a smoke challenge from outside the Control
Room envelope. The program shall ensure that
adequate radiation protection is provided to
permit access and occupancy of the Control
Room under accident conditions without
personnel receiving radiation exposures in
excess of 5 rem total effective dose equivalent
(TEDE) for the duration of the accident. The
program shall include the following elements:

a. The definition of the Control Room
envelope and the Control Room
boundary;

b. Requirements for maintaining
Control Room boundary integrity,
including configuration control,
management of breaches, and
preventive maintenance.

c. Requirements for assessing Control
Room habitability at the frequencies
specified in Regulatory Guide 1.197
"Demonstrating Control Room
Envelope Integrity at Nuclear Power
Reactors," Revision 0, May 2003.

d. Requirements for determining the
unfiltered air inleakage past the
Control Room boundary into the
Control Room envelope in
accordance with the testing methods
and at the frequencies specified in
Regulatory Guide 1.197, Revision 0,
May 2003.

Continued next page
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Description and Safety Assessment for Specific Changes to TS and TS Bases

Change Current Technical Specification: Proposed Change:
#5

Continued Continued

e. Measurement of the Control Room
envelope positive pressure relative to
outside atmosphere during the
pressurization mode of operation by
one subsystem of the CREOAS System
every 24 months on a STAGGERED
TEST BASIS. The results shall be
trended and compared to the positive
pressure measurements taken or to be
taken during the Control Room
inleakage testing. These evaluations
shall be used as part of an assessment of
Control Room boundary integrity
between Control Room ileakage tests.

t. The quantitative limits cu unfiltered air --
inleakage past the Control Room
boundary into the Control Room
envelope. These limits shall be stated in
a manner to allow direct comparison to
the unfiltered air inleakage measured
by the testing described in paragraph d.
The unfiltered air inleakage limits must
demonstrate that radiation dose and
hazardous chemical exposure to the
Control Room occupants will be within
the assumptions in the licensing basis.

g. Limitations on the use of compensatory
measures to consider the CREOAS
System OPERABLE when there are
degraded or nonconforming conditions
that result in the unfiltered air
inleakage through the Control Room
boundary Into the Control Room
envelope greater than the unfiltered
inleakage assumed in the licensing basis
analyses. Compensatory measures are
interim actions used to maintain
OPERABILITY of the CREOAS
System until full qualification of the
Control Room boundary is restored.
Degraded or nonconforming conditions
affecting the Control Room boundary
integrity should be resolved in a time
frame commensurate with the safety
significance of the condition.
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Description and Safety Assessment for Specific Changes to TS and TS Bases
Change

Current Technical Specification: Proposed Change:

Continued Continued

The program shall place additional
limits on the use of compensatory
measures which address a degraded or
nonconforming Control Room barrier
that results in unfiltered air Inleakage
into the Control Room envelope greater
than the unfiltered air inleakage
assumed in the licensing basis analysis
for the following two conditions:

1. When such compensatory measures may
adversely affect the ability of the Control
Room occupants to respond to an accident
(including, but not limited to, the use of
personal air filtration or bottled air systems),
their use may be credited to support
OPERABILITY of the CREAOS System
until the next entry into MODE 2 following a
refueling outage or for a maximum of 12
months, whichever is greater; and

2. When such compensatory measures may
complicate the response of the Control Room
occupants to an accident (including, but not
limited to, the use of potassium iodine,
temporary system configurations, or manual
actions), their use may be credited to support
OPERABILITY of the CREAOS System for
a maximum of 36 months.

The provision of SR 3.0.2 is applicable to the Control Room
inleakage testing frequencies.

n S
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Description and Safety Assessment for Specific Changes to TS and TS Bases

Change Basis / Safety Assessment:
#5

In NRC Generic Letter 2003-01, Licensees were alerted to findings at facilities that existing technical
specifications surveillance requirements for the Control Room Emergency Filtration System (CREFS)
may not be adequate. Specifically the results of tracer gas tests at facilities indicated that the
differential pressure surveillance is not a reliable method for demonstrating Control Room integrity.

The Technical Specification Task force and the Nuclear Energy Institute Control Room habitability
task Force have developed proposed changes to the Improved Standard Technical Specifications
(NUREGs 1430 through 1434) to replace the differential pressure surveillance with a tracer gas
surveillance and to institute a Control Room Habitability Program that will ensure that Control Room
habitability is maintained.

These changes were incorporated into TSTF-448, Revision 2, Technical Specification Task Force -
Improved Standard Technical Specifications Change Traveler (Reference 12.2). As a result of this
Traveler, TS Section 5.5.13 was added. Please note, that PPL is aware that this Traveler may be
revised in the near future and require additional revisions to TS Section 5.5.13.
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Description and Safety Assessment for Specific Changes to TS and TS Bases

Change I Current Technical Specification:

The TS Bases provide an explanation and rationale
for associated TS requirements, and in some cases,
how they are to be implemented. The current TS
Bases are written based on the requirements of
10 CFR 100 and the determination of a thyroid
dose and whole body dose. Specific sections
revised are as follows:
Units I & 2 Bases
Section 2.1.1.3, SAFETY LIMIT VIOLATIONS

& REFERENCES
Section B 2.1.2, BACKGROUND, SAFETY

LIMIT VIOLATIONS, & REFERENCES
Section B 3.1.8, APPLICABLE SAFETY

ANALYSES & REFERENCES
Section B 3.2.3, APPLICABLE SAFETY

AN- L SES
Section B 3.3.6.1, APPLICABLE SAFETY

ANALYSES, LCO, and
APPLICABILITY

Section B 3.3.6.2, APPLICABLE SAFETY
ANALYSES, LCO, and
APPLICAB3ILITY

Section B 3.3.7.1, APPLICABLE SAFETY
ANALYSES, LCO, and
APPLICABILITY

Section B 3.4.7, BACKGROUND, APPLICABLE
SAFETY ANALYSES, LCO, ACTIONS,
& REFERENCES

Section B 3.6.1.1, APPLICABLE SAFETY
ANALYSES, SURVEILLANCE
REQUIREMENTS

Section B 3.6.1.3, SURVEILLANCE
REQUIREMENT

Section B 3.7.3
Section B 3.7.5, APPLICABLE SAFETY

ANALYSES & REFERENCES
Section B 3.7.7, APPLICABLE SAFETY

ANALYSES & REFERENCES
Section B 3.9.6, BACKGROUND, APPLICABLE

SAFETY ANALYSES, LCO, &
REFEREINTCES

Proposed Change:

Associated changes to the TS Bases were made
to delete the thyroid dose and whole body dose
requirements of 10 CFR 100. A general
statement that doses would be maintained within
regulatory limits replaced the deleted text. The
TS Bases were clarified where applicable to
include the Control Room dose.

All these changes are administrative in nature.
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Description and Safety Assessment for Specific Changes to TS and TS Bases

Change

#6

Basis / Safety Assessment:

The accident dose guidelines of 10 CFR 100 are superseded by the dose criteria of 10 CFR 50.67 for
accidents utilizing the AST methodology. The whole body and thyroid doses of 10 CFR 100 are
replaced by the total effective dose equivalent (TEDE) criteria of 10 CFR 50.67, and references to
10 CFR 100 are replaced with 10 CFR 50.67 where applicable. The TS Bases were clarified where
applicable to include the Control Room dose. This is a conforming change.

Other changes were made to the TS Bases for clarity and to conform to the changes made to the
associated TS. The revisions to the TS bases incorporate supporting information for the proposed TS
changes. Bases do not establish actual requirements, and as such, do not change technical
requirements of the TS. The Bases changes are therefore acceptable, since they administratively
document the reasons and provide additional understanding for the associated TS requirements.

Change
#7

Current Technical Specification:

The TS Bases provide an explanation and rationale
for -associated TS requirements, -and in some cases,-
how they are to be implemented. The current TS
Bases of Sections B 3.1.7 and B 3.3.6.1,
APPLICABLE SAPETY ANALYSES, LCO, and
APPLICABILITY, subsection 5.e., are written
such that actuation of the SLC system is not
required during a DBA LOCA. Per the discussion
in Attachment 2 of this LAR, actuation of the SLC
system is required in order to maintain
suppression pool pH > 7 in order to prevent re-
evolution of iodines from the pool.

Proposed Change:

Associated changes to the TS Bases were made
to conform to the new requirement that actuation
of the SLC system is required during a DBA
LOCA.

All these changes are administrative in nature.

Change Basis / Safety Assessment:
#7

Changes were made to the TS Bases for clarity and to conform to the changes made to the associated
TS. The revisions to the TS bases incorporate supporting information for the proposed TS changes.
Bases do not establish actual requirements, and as such, do not change technical requirements of the
TS. The Bases changes are therefore acceptable, since they administratively document the reasons and
provide additional understanding for the associated TS requirements.

Change Current Technical Specification: Proposed Change:
#8

The TS Bases provide an explanation and rationale Associated changes to the TS Bases were made
for associated TS requirements, and in some cases, to clarify that the MSLB event occurs outside
how they are to be implemented. The current TS primary containment.
Bases of Section 13 3.6.1.3, APPLICABLE
SAFETY ANALYSES, discusses the MSLB This change is administrative in nature.
event. Per the discussion in Attachment 2 of this
LAR, the MSLB event occurs outside primary
containment.
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Description and Safety Assessment for Specific Changes to TS and TS Bases

Change Basis / Safety Assessment:

#8
Changes were made to the TS Bases for clarity and to conform to the changes made to the associated
TS. The revisions to the TS bases incorporate supporting information for the proposed TS changes.
Bases do not establish actual requirements, and as such, do not change technical requirements of the
TS. The Bases changes are therefore acceptable, since they administratively document the reasons and
provide additional understanding for the associated TS requirements.

Change Current Technical Specification: Proposed Change:
#9

The TS Bases provide an explanation and rationale Associated changes to the TS Bases were made
for associated TS requirements, and in some cases, to provide some relief for establishing secondary
how they are to be implemented. The current TS containment drawdown pressure and still provide
Bases of Section B 3.6.4.1, SURVEILLANCE significant margin with DBA LOCA drawdown
REQUIREMENTS, provides the maximum time requirements. The maximum drawdown
drawdown time required by the SGTS to establish time was increased from 125 and 117 seconds
and maintain the secondary containment to for Zones I, II, & III and Zones I & III

Q0.25 inches-of-vacuum water gauge. Per .re.spectively,to 3 seconds for both cases.
Attachment 2 of this LAR, a drawdown time of
600 seconds was utilized in the DBA LOCA This change is administrative in nature.
analysis.

Change Basis I Safety Assessment:
#9

Changes to the TS Bases were made to provide some relief for establishing secondary containment
drawdown pressure and still provide significant margin with DBA LOCA drawdown time
requirements. The surveillance requirement establishes a time of 300 seconds for the maximum
drawdown time. The DBA LOCA analysis assumes a maximum drawdown time of 10 minutes for the
unfiltered release to the environs. Consequently, the change in the allowable maximum drawdown
time does not represent an increase in the calculated Control Room, EAB, or LPZ doses.

Changes were made to the TS Bases for clarity and to conform to the changes made to the associated
TS. The revisions to the TS bases incorporate supporting information for the proposed TS changes.
Bases do not establish actual requirements, and as such, do not change technical requirements of the
TS. The Bases changes are therefore acceptable, since they administratively document the reasons and
provide additional understanding for the associated TS requirements.

Change Current Technical Specification: Proposed Change:
#10

The TS Bases provide an explanation and rationale Associated changes to the TS Bases were made
for associated TS requirements, and in some cases, to address the requirements of TSTF448,
how they are to be implemented. The current TS Revision 2, Technical Specification Task Force -
Bases of Section 13 3.7.3 discusses the Control Improved Standard Technical Specifications
Room emergency outside air supply (CREOAS) Change Traveler and incorporate the Control
system. Room Habitability Program.

__ This change is administrative in nature.
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DescriPtion and Safety Assessment for Specific Changes to TS and TS Bases

Change

#10
Basis / Safety Assessment:

Changes were made to the TS Bases for clarity and to conform to the changes made to the associated
TS. The revisions to the TS bases incorporate supporting information for the proposed TS changes.
Bases do not establish actual requirements, and as such, do not change technical requirements of the
TS. The Bases changes are therefore acceptable, since they administratively document the measons and
provide additional understanding for the associated TS requirements.

In NRC Generic Letter 2003-01, Licensees were alerted to findings at facilities that existing technical
specifications surveillance requirements for the Control Room Emergency Filtration System (CREFS)
may not be adequate. Specifically, the results of tracer gas tests at facilities indicated that the
differential pressure surveillance is not a reliable method for demonstrating Control Room integrity.

The Technical Specification Task force and the Nuclear Energy Institute Control Room Habitability
Task Force have developed proposed changes to the Improved Standard Technical Specifications
(NUREGs 1430 through 1434) to replace the differential pressure surveillance with a tracer gas
surveillance and to institute a Control Room Habitability Program that.will ensure that Control Room
haibi lityfis maintained.

These changes were incorporated into TSTF-448, Revision 2, Technical Specification Task Force -
Improved Standard Technical Specifications Change Traveler (Reference 12.2). As a result of this
Traveler, TS Section 3.7.3 was revised. Please note, that PPL is aware that this Traveler may be
revised in the near future and require additional revisions to TS Section 3.7.3.

Change
#11

Current Technical Specification:

The TS Bases provide an explanation and rationale
for associated TS requirements, and in some cases,
how they are to be implemented. The current TS
Bases of Section B 3.9.6, APPLICABLE SAFETY
ANALYSES, provides the fuel rod gap release
fractions per RG 1.25 for a FHA. Per Attachment
2 of this LAR, the PHA was revised to reflect the
new release fractions of RG 1.183.

Proposed Change:

Associated changes to the TS Bases were made
to update the FHA to reflect RG 1.183 fuel rod
gap release fractions. The original analysis
assumes that 10% of the total fuel rod iodine
inventory in the gap is available for release. Per
RG 1.183 requirements, 8% of the I-131, and 5%
of the 1-132, I-133,1-134, & 1-135 inventory is
available for release from the gap.

This change is administrative in nature.
Change Basis / Safety Assessment:

#11
Changes were made to the TS Bases for clarity and to conform to the changes made to the associated
TS. The revisions to the TS bases incorporate supporting information for the proposed TS changes.
Bases do not establish actual requirements, and as such, do not change technical requirements of the
TS. The Bases changes are therefore acceptable, since they administratively document the reasons and
provide additional understanding for the associated TS requirements.
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Proposed Technical Specification Changes
Units 1 & 2 Mark-ups
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Table 6-1: List of Proposed Technical Specification Changes (Marked ups)

Units I&2
Sections

1.1
3.1.7

Title
I-4.. _

Definitions
Standby Liquid Control (SLC) System

3.3.6.1 Primary Containment Isolation Instrumentation
3.73 = Control Room Emergency Outside Air Supply (CREOAS) System
5.5 Programs and Manuals



PPL Rev. 0
Definitions

1.1
1.1 Definitions (continued)

CHANNEL FUNCTIONAL TEST

CORE ALTERATION

A CHANNEL FUNCTIONAL TEST shall be the injection
of a simulated or actual signal into the channel as close
to the sensor as practicable to verify OPERABILITY,
including required alarm, interlock, display, and trip
functions, and channel failure trips. The CHANNEL
FUNCTIONAL TEST may be performed by means of
any series of sequential, overlapping, or total channel
steps so that the entire channel is tested.

CORE ALTERATION shall be the movement of any
fuel, sources, or reactivity control components, within
the reactor vessel with the vessel head removed and
fuel in the vessel. The following exceptions are not
considered to be CORE ALTERATIONS:

a. Movement of source range monitors, local power
range monitors, intermediate range monitors,
traversing incore probes, or special movable
detectors (including undervessel replacement):
and

b. Control rod movement, provided there are no fuel
assemblies in the associated core cell.

Suspension of CORE ALTERATIONS shall not preclude
completion of movement of a component to a safe
position.

CORE OPERATING LIMITS
REPORT (COLR)

The COLR is the unit specific document that provides
cycle specific parameter limits for the current reload
cycle. These cycle specific limits shall be determined
for each reload cycle in accordance with Specification
5.6.5. Plant operation within these limits is addressed
in individual Specifications.

DOSE EQUIVALENT 1-131

5fr gr c6 .: _

(continued)

SUSQUEHANNA - UNIT 1 1 .1-2 Amendment 178



Insert 1 to DOSE EQUIVALENT 1-131 definition:

DOSE EQUIVALENT 1-131 shall be that concentration of I-131 (microcuries per gram)
which alone would produce the same total effective dose equivalent (sum of committed
effective dose equivalent {CEDE) from inhalation plus deep dose equivalent tDDE) or
nominally equivalent to the effective dose equivalent (EDE) from external exposure
Isubmersion)) as the quantity and isotopic mixture of 1-131, I-132,1-133, I-134, and I-
135 actually present. The conversion factors that are used for this calculation of
committed effective dose equivalent (CEDE) from inhalation shall be those listed in
Table 2.1 of Federal Guidelines Report 11, "Limiting Values of Radionuclide Intake and
Air Concentration and Dose Conversion Factors for Inhalation, Submersion, and
Ingestion", EPA, 1988, as described in Regulatory Guide 1.183. The factors in the
column headed "effective" yield doses corresponding to the CEDE. The conversion
factors that are used for the calculation of EDE (or DDE) from external exposure
(submersion) shall be those listed in Table m. 1 of Federal Guidance Report 12, '"xternal
Exposure to Radionuclides in Air, Water, and Soil", EPA, 1993, as described in
Regulatory Guide 1.183. The factors in the column headed "effective" yield doses
corresponding to the EDE.



PPL Rev. 0
Definitions

1.1
1.1 Definitions

DOSE EQUIVALENT 1-131
(continued)

EMERGENCY CORE COOLING
SYSTEM (ECCS) RESPONSE TIME

END OF CYCLE
RECIRCULATION PUMP TRIP
(EOC RPT) SYSTEM RESPONSE
TIME

ISOLATION SYSTEM
RESPONSE TIME

The ECCS RESPONSE TIME shall be that time
interval from when the monitored parameter exceeds
Rs ECCS initiation setpoint at the channel sensor until
the ECCS equipment is capable of performing its
safety function (i.e., the valves travel to their required
positions, pump discharge pressures reach their
required values, etc.). Times shall include diesel
generator starting and sequence loading delays,
where applicable. The response time may be
measured by means of any series of sequential,
overlapping, or total steps so that the entire response
time is measured.

The EOC RPT SYSTEM RESPONSE TIME shall be
that time interval from initial signal generation by the
associated turbine stop valve limit switch or from when
the turbine control valve hydraulic oil control oil
pressure drops below the pressure switch setpoint to
complete suppression of the electric arc between the
fully open contacts of the recirculation pump circuit
breaker. The response time may be measured by
means of any series of sequential, overlapping, or total
steps so that the entire response time is measured.

The ISOLATION SYSTEM RESPONSE TIME shall be
that time interval from when the monitored parameter
exceeds its isolation initiation setpoint at the channel
sensor until the isolation valves travel to their required
positions. Times shall include diesel generator starting
and sequence loading delays, where applicable. The
response time may be measured by means of any
series of sequential, overlapping, or total steps so that
the entire response time is measured.

(continued)

SUSQUEHANNA - UNIT 1 1.1 -3 Amendment 178



PPL Rev. I
SLC SYSTEM

3.1.7

3.1 REACTIVITY CONTROL SYSTEMS

3.1.7 Standby Uquid Control (SLC) System

LCO 3.1.7 Two SLC subsystems shall be OPERABLE.

APPLICABILITY: ODES

ACTIONS

CONDmON REQUIRED ACTION COMPLETION TIME

.................._M ......... ........ .. . .. ...................... -...-...... -......... ...................... ...................... .. .... ............ ........ . ...... . .. ............. ........... 9 ....... .. . . . ... .................... .. .............

A. Concentration of sodium A.1 Restore concentration of 72 hours
pentaborate in solution sodium pentaborate in solution
< 13.6 weight percent but to within limits >13.6 weight AND
within limits of Figure percent
3.1.7-1. I lodays from

discovery of failure to
. meetthe LCO

B. One SLC subsystem B.1 Restore SLC subsystem to 7 days
inoperable for reasons OPERABLE status.
other than Condition A. AND

10 days from
discovery of failure to
meet the LCO.

C. Two SLC subsystems C.1 Restore one SLC subsystem to 8 hours
inoperable for reasons OPERABLE status.'
other than Condition A.

D. Required Action and DA Be in MODE 3. 12 hour's
associated Completion 3 A n t 178
Time not met

'D :2. Bf MOD£ 4 .36 o r

SUSQUEHANNA - UNIT I 3.1-20 Amendment 1 78



PPL Rev. 2
Primary Containment Isolation Instrumentation

3.3.6.1

Table 3.3.6.1-1 (page 5 of 6)
Primary Containment Isolation Instrumentation

APPLICABLE CONDITIONS
MODES OR REQUIRED REFERENCED

FUNCT1OJ OTHER CHANNELS FROM
SPECIFIED PER TRIP REQUIRED SURVEILLANCE ALLOWABLE

CONDIONS SYSTEM ACTION C.1 REQUIREMENTS VALUE

5. ReactorWaterCleanup
(RWCU) System Isolation

a. RWVCUDifferentiala 1a23 1 F SR 33.6.1.1 S67gpm
Fbw-Hlgh SR 3.3.6.1.2

SR 3.3.6.1.4
SR 3.3.6.1.5
SR 33.6.1.6

b. RWCU Peation 1,2.3 1 F SR 3.3.6.1.2 S130F
Area Temperature - SR 3.6.1.3
High SR 3.3.6.1.5

c. RWCU PumpArea 1,2,3 1 F SR 3.3.6.1.2 s154'F
TImperatre - High SR 32...1.3

SR 3.3.6.1.5

d. RWCUHeat -1,2,3 1 . F SR-3.3.6.1.2 s154 F
Exchanger Area SR 33.6.1.3
Temperature - High SR 3.3.6:1.5

e. SLCSystemInltiation j 2(b I SR 3.3.6.1.5 NA

f. ReactorVessel Water 1.2,3 2 F SR 3.3.6.1.1 2.45 wJhes
Level -Low LOw, SR 3.3.6.1.2
Level 2 SR 33.6.1.4

SR 3.3.6.1.5

g. RWCU Flow-High 1,2,3 1 F SR 3.3.6.1.1 s472gpm
SR 3.3.6.1.2
SR 3.3.6.1.4
SR 33.6.1.5

h. Manual Initiation 1,2,3 1 G SR 3.3.6.1.5 NA

(continued)
(b) SLC System Initiation only Iputs Into one of the two trip systems.
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PPL Rev. 0
CREOAS System

3.7.3

PLANT SYSTEMS

Control Room Emergency Outside Air Supply (CREOAS) System

3.7

3.7.3

LCO 3.7.3 Two CREOAS subsystems shall be OPERABLE.

K~ I I I
Mt iI It

The control room habitability envelope boundary may be opened intermittently
under administrative control.

APPLICABILITY: MODES 1, 2, and 3,
During movement of irradiated fuel assemblies in the secondary containment,
During CORE ALTERATIONS,
During operations with a potential for draining the reactor vessel (OPDRVs).

(CM*

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. One CREOAS subsystem A.1 Restore CREOAS subsystem 7 days
inoperable xr reo mer to OPERABLE status.

o*i.r +Vw% Condiion .B-

P AWPA:Y
CREOAS subsystems B.7 X e control room 24 hours

perable due to inoperable 2 habitability envelope boundary
control room habitability to OPERABLE status.
envelo bouay in

C. Required Action and C.1 Be In MODE 3. 12 hours
associated Completion Time
of Condition A or B not met AND
in MODE 1, 2, or 3.

C.2 Be in MODE 4. 36 hours

TAW -.0 .1 r kWW W+, 1
/ age1: e.L rbw;+pI;<

ill"',
AK)-AOV

(continued)
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PPL Rev. 0
CREOAS System

3.7.3

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

F. Two CREOAS subsystems
inoperable during movement
of irradiated fuel assemblies
in the secondary
containment during CORE
ALTERATIONS, or during
OPDRVs.

ReIa1e R A Fofn aed cvatc 4 e
Wvno 4 C;reiibm

/ nca ,C+dw, A worvst*
/ F oIrac6W~ 4n1 eae-S;e

V n coryA LTRTocd;S,
c live;<5 OR ^ m o

NOTe.
LCO 3.0.3 is not applicable.

F.1 Suspend movement of
irradiated fuel assemblies In
the secondary containment.

AND

Immediately

Immediately

Immediately

F.2 Suspend CORE
ALTERATIONS.

AND

F.3 Initiate action to suspend
OPDRVs.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.7.3.1 Operate each CREOAS filter train for 2 10 31 days
continuous hours with the heaters operable.

SR 3.7.3.2 Perform required CREOAS filter testing in In accordance with the VFTP
accordance with the Ventilation Filter Testing
Program (VFTP).

SR 3.7.3.3 Verify each CREOAS subsystem actuates on an 24 months
actual or simulated initiation signal.

(continued)

SUSQUEHANNA - UNIT 1 TS / 3.7-8 Amendment 203



PPL Rev. 0
CREOAS System

3.7.3
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Programs and Manuals
5.5

5.5 Programs and Manuals

5.5.11 Safety Function Determination Program (SFDP) (continued)

The SFDP identifies where a loss of safety function exists. If a oss of safety
'function'is'determined to exist by this program, the appropriate Conditions and
Required Actions of the LCO in which the loss of safety function exists are required
to be entered. When a loss of safety function is caused by the inoperability of a
single Technical Specification support system, the appropriate Conditions and
Required Actions to enter are those of the support system.

5.5.12 Primary Containment Leakage Rate Testing Program

A program shall be established, implemented, and maintained to comply with the
leakage rate testing of the containment as required by 10 CFR 50.54(o) and 10 CFR
50, Appendix J, Option B, as modified by approved exemptions. This program shall
be in accordance with the guidelines contained in Regulatory Guide 1.163,
"Performance-Based Containment Leak-Test Program", dated September 1995, as
modified by the following exception:

a. NEI 94-01-1995, Section 9.2.3: The first Type A test performed after the
May 4, 1992 Type A test shall be performed no later than May 3, 2007.

The peak calculated containment internal pressure for the design basis loss of
coolant accident, Pa, is 45.0 psig.

The maximum allowable primary containment leakage rate, La, at Pa, shall be 1% of
the primary containment air weight per day.

Leakage Rate Acceptance Criteria are:

a. Primary Containment leakage rate acceptance criterion is < 1.0 La. During
each unit startup following testing in accordance with this program, the leakage
rate acceptance criteria are • 0.60 La for Type B and Type C tests and • 0.75
La for Type A tests:

b. Air lock testing acceptance criteria are:

1) Overall air lock leakage rate Is < 0.05 La when tested at 2 Pa.

2) For each door, leakage rate Is < 5 scfh when pressurized to 2 10 psig.

The provisions of SR 3.0.2 do not apply to the test frequencies specified in the
Primary Containment Leakage Rate Testing Program.

The provisions of SR 3.0.3 are applicable to the Primary Containment Leakage Rate
Testing Proram.

SUSQUEHANNA - UNIT 1 TS 5.0-18 Amendment 4p8 2
209



Insert 2:

5.5.13 Control Room Habitability Program

A Control Room Habitability Program shall be established and implemented to
ensure that control room habitability is maintained such that, with an OPERABLE
CREOAS System, control room occupants can control the reactor safely under
normal conditions and maintain it in a safe condition following a radiological
event, hazardous chemical release, or a smoke challenge from outside the control
room envelope. The program shall ensure that adequate radiation protection is
provided to permit access and occupancy of the control room under accident
conditions without personnel receiving radiation exposures in excess of 5 rem
total effective dose equivalent (TEDE) for the duration of the accident. The
program shall include the following elements:

a. The definition of the control room envelope and the control room boundary;
b. Requirements for maintaining control room boundary integrity, including

configuration control, management of breaches, and preventive maintenance.
c. Requirements for assessing control room habitability at the frequencies

-specifiedin Regulatory Guide 1.197 '1DemonstratinggContol Room Envelope-
Integrity at Nuclear Power Reactors," Revision 0, May 2003.

d. Requirements for determining the unfiltered air inleakage past the control
room boundary into the control room envelope in accordance with the testing
methods and at the frequencies specified in Regulatory Guide 1.197, Revision
e. May 2003.

e. Measurement of the control room envelope positive pressure relative to
outside atmosphere during the pressurization mode of operation by one
subsystem of the CREOAS System every 24 months on a STAGGERED
TEST BASIS. The results shall be trended and compared to the positive
pressure measurements taken or to be taken during the control room inleakage
testing. These evaluations shall be used as part of an assessment of control
room boundary integrity between control room inleakage tests.

f. The quantitative limits on unfiltered air inleakage past the control room
boundary into the control room envelope. These limits shall be stated in a
manner to allow direct comparison to the unfiltered air inleakage measured by
the testing described in paragraph d. The unfiltered air inleakage limits must
demonstrate that radiation dose and hazardous chemical exposure to the
control room occupants will be within the assumptions in the licensing basis.

g. Limitations on the use of compensatory measures to consider the CREOAS
System OPERABLE when there are degraded or nonconforming conditions
that result in the unfiltered air inleakage through the control room boundary
into the control room envelope greater than the unfiltered inleakage assumed
in the licensing basis analyses. Compensatory measures are interim actions
used to maintain OPERABILITY of the CREOAS System until full
qualification of the control room boundary is restored. Degraded or
nonconforming conditions affecting the control room boundary integrity



should be resolved in a time frame commensurate with the safety significance
of the condition. The program shall place additional limits on the use of
compensatory measures which address a degraded or nonconforming control
room barrier that results in unfiltered air inleakage into the control room
envelope greater than the unfiltered air inleakage assumed in the licensing
basis analysis for the following two conditions:

1. When such compensatory measures may adversely affect the ability of
the control room occupants to respond to an accident (including, but
not limited to, the use of personal air filtration or bottled air systems),
their use may be credited to support OPERABILITY of the CREAOS
System until the next entry into MODE 2 following a refueling outage
or for a maximum of 12 months, whichever is greater, and

2. When such compensatory measures may complicate the response of
the control room occupants to an accident (including, but not limited
to, the use of potassium iodine, temporary system configurations, or
manual actions), their use may be credited to support OPERABILITY
of the CREAOS System for a maximum of 36 months.

The provision of SR 3.0.2 is applicable tothe control room inleakage testing
frequencies.



PPL Rev. 0
Definitions

1 .1
1.1 Definitions (continued)

CHANNEL FUNCTIONAL TEST

CORE ALTERATION

A CHANNEL FUNCTIONAL TEST shall be the injection
of a simulated or actual signal into the channel as close to
the sensor as practicable to verify OPERABILITY,
including required alarm, interlock, display, and trip
functions, and channel failure trips. The CHANNEL
FUNCTIONAL TEST may be performed by means of any
series of sequential, overlapping, or total channel steps
so that the entire channel is tested.

CORE ALTERATION shall be the movement of any fuel,
sources, or reactivity control components, within the
reactor vessel with the vessel head removed and fuel in
the vessel. The following exceptions are not considered
to be CORE ALTERATIONS:

a. Movement of source range monitors, local power
range monitors, intermediate range monitors,
traversing incore probes, or special movable
detectors (including undervessel replacement); and

b. Control rod movement, provided there are no fuel
assemblies in the associated core cell.

Suspension of CORE ALTERATIONS shall not preclude
completion of movement of a component to a safe
position.

CORE OPERATING
LIMITS REPORT (COLR)

DOSE EQUIVALENT 1-131

f55'C-I f-,! W

The COLR is the unit specific document that provides cycle
specific parameter limits for the current reload cycle. These
-cycle specific limits shall be determined for each reload cycle in
accordance with Specification 5.6.5. Plant operation within
these limits is addressed in individual Speci'ications.

DOSJZEQUI LEN 1-131 sall bethi concentraiOn of
I- 1 (micrp uries ram) th alone w uld prod the
ime th old do as the uantity d isotopic ixturee

1-131 -132, I-e, I-1 , and I-1 actually p sent. he
th D~id dos ~nversi factors all be tho liste

AP 30, 8upplem t tto Part , page 192 (12, T315le
titded, "6mmittVose Equalent in T et Orgns or
issu per Inte of Unit Activity.o

(continued)
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Insert 1 to DOSE EQUIVALENT I-131 definition:

DOSE EQUIVALENT I-131 shall be that concentration of 1-131 (microcuries per gram)
which alone would produce the same total effective dose equivalent (sum of committed
effective dose equivalent ICEDE) from inhalation plus deep dose equivalent (DDE) or
nominally equivalent to the effective dose equivalent (EDE) from external exposure
{submersion)) as the quantity and isotopic mixture of I-131, 1-132,1-133, I-134, and I-
135 actually present. The conversion factors that are used for this calculation of
committed effective dose equivalent (CEDE) from inhalation shall be those listed in
Table 2.1 of Federal Guidelines Report 11, "Limiting Values of Radionuclide Intake and
Air Concentration and Dose Conversion Factors for Inhalation, Submersion, and
Ingestion", EPA, 1988, as described in Regulatory Guide 1.183. The factors in the
column headed "effective" yield doses corresponding to the CEDE. The conversion
factors that are used for the calculation of EDE (or DDE) from external exposure
(submersion) shall be those listed in Table 111.1 of Federal Guidance Report 12, "External
Exposure to Radionuclides in Air, Water, and Soil", EPA, 1993, as described in
Regulatory Guide 1.183. The factors in the column headed "effective" yield doses
corresponding to the EDE.



PPL Rev. 0
Definitions

1.1

1.1 Definitions

DOSE
EQUIVALENT 1-131

(continued)

EMERGENCY
CORE COOLING
SYSTEM (ECCS)
RESPONSE TIME

END OF CYCLE
RECIRCULATION
PUMP TRIP
(EOC RPT)
SYSTEM
RESPONSE TIME

ISOLATION
SYSTEM
RESPONSE TIME

The ECCS RESPONSE TIME shall be that time interval from when the
monitored parameter exceeds its ECCS initiation setpoint at the channel
sensor until the ECCS equipment is capable of performing its safety
function (i.e., the valves travel to their required positions, pump discharge
pressures reach their required values, etc.). Times shall include diesel
generator starting and sequence loading delays, where applicable. The
response time may be measured by means of any series of sequential,
overlapping, or total steps so that the entire response time is measured.

The EOC RPT SYSTEM RESPONSE TIME shall be that time interval
from -initial signal generation by the associated turbine stop valve limit
switch or from when the turbine control valve hydraulic oil control oil
pressure drops below the pressure switch setpoint to complete
suppression of the electric arc between the fully open contacts of the
recirculation pump circuit breaker. The response time may be measured
by means of any series of sequential, overlapping, or total steps so that
the entire response time is measured.

The ISOLATION SYSTEM RESPONSE TIME shall be that time interval
from when the monitored parameter exceeds its isolation initiation setpoint
at the channel sensor until the isolation valves travel to their required
positions. Times shall include diesel generator starting and sequence
loading delays, where applicable. The response time may be measured
by means of any series of sequential, overlapping, or total steps so that
the entire response time is measured.

(continued)
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PPL Rev. I
SLC System

3.1.7

3.1 REACTIVIlY CONTROL SYSTEMS

3.1.7 Standby Liquid Control (SLC) System

LCO 3.1.7 Two SLC subsystems shall be OPERABLE.

APPLICABIULTY: MODES

ACTIONS

CONDION REQUIRED ACTION COMPLEllON TIME

A. Conentrion of sodium A.1 Restore concentraton of 72 hours
pentaborate in solution sodium pentaborate in solution
< 13.6 weight percent to within limits > 13.6 weight AND
but within limits of percent
Figure 3.1.7-1. . . -days from

discovery of failure to
meetthe LCO

B. One SLC subsystem 5.1 Restore SLC subsystem to 7 days
inoperable for reasons OPERABI E status.
other than Condition A. AND

10 days from
discovery of failure to
meet the LCO

C. Two SLC subsystems C.1 Restore one SLC subsystem to 8 hours
inoperable for reasons OPERABLE status.
other mtan Condition A.

D. ReqUired Action and 3.120 Ae MOn n 1
associated Completion At. .D
Time not met\iE-

'D1. 2. Be ~in M^2ODE A. oo
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PPL Rev. I
Prmary Containment Isolation Instrumentation

3.3.13.1

Table 3.3.6.1-1 (page 6 of 6)
Primary Containment Isolation bIsbtumentation

APPUCABLE CONDITIONS
MODES OR REQUIRED REFERENCED

FUNCTION OTHER CHANNELS FROM
SPECIFIED PER TRIP REQUIRED SURVEILLANCE ALLOWABLE

CONDIONS SYSTEM ACTION C.1 REQUIREMENTS VALUE

h. Manual Initiation 1.23 1 G SR 3.3.6.1.5 NA

5. Reactor Water Cleanup
(RWCU) System Isolation

a. RWCUDifferentiala 123 1 F SR 3.3.6.1.1 567gpm
Flow - High SR 3.3.6.1.2

SR 3.3.6.1.4
SR 3.3.6.1.5
SR 33.6.1.6

b. RWCU Penetration 1,3 1 F SR 3.3.6.12 9137F
Area Temperature - SR 3.3.6.1.3
H..h - -- - . ---.-.- 8SR 3.3.61.5

c. RWCUPumpArea 123 1 . F SR 3.3.6.12 S154F
Temperature - High SR 3.3.6.1.3

SR 3.3.6.1.5

d. RWCU Heat 1,2,3 1 F SR 3.3.6.12 S154F
Exchanger Area SR 3.3.6.1.3
Temperature - High SR 3.3.6.1.5

e. SLC System InItiation (2 2(b) I SR 3.3.6.1.5

1. Reactor Vessel Water 1.2.3 2 F SR 3.3.6.1.1 2: 45 Inches
Level -Low Low, . SR 3.3.6.1.2
Level 2 SR 3.3.6.1.4

SR 3.3.6.1.5

g. RWCU Flow-High 1,2,3 1 F SR 3.3.6.1.1 S472gpm
SR 3.3.6.1.2
SR 3.3.6.1.4
SR 3.3.6.1.5

h. Manual Initiation 1.2,3 1 G SR 3.3.6.1.5 NA

(continued)
(b) SLC System Initiation only inputs into one of the two tip systems.
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PPL-Rev. 0
CREOAS System

3.7.3

PLANT SYSTEMS

Control Room Emergency Outside Air Supply (CREOAS) System

3.7

3.7.3

LCO 3.7.3 Two CREOAS subsystems shall be OPERABLE.

Al
MNUI ttiJg

The control room habitability envelope boundary may be opened intermittently
under administrative control.

APPLICABILITY: MODES 1, 2, and 3,
During movement of irradiated fuel assemblies In the secondary containment,
During CORE ALTERATIONS,
During operations with a potential for draining the reactor vessel (OPDRVs).

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. One CREOAS subsystem
inoperabls c or Cons

o-ner wa Cotion B. Y
_~B. we REOAS subsystems

noperable due to inoperable 4
mCtcontrol room habitability

envelop boundary in
MODEV 2, 2 .

A.1 Restore CREOAS subsystem to
OPERABLE status.

7 days

- _

B.Z or control room habitability
_$)envelope boundary to

OPERABLE status.

C. Required Action and C.1 Be in MODE 3. 12 hours
associated Completion Time
of Condition A or B not met AND
in MODE 1, 2, or 3.

C.2 Be in MODE 4. 36 hours

e : B.1. Xpaw+"j
\ x-r%>

(continued). ,7
Ii
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PPLRev. 0
CREOAS System

3.7.3

ACTIONS {continued)

CONDITION -REQUIRED ACTION }COMPLETION TIME

F. Two CREOAS subsystems
inoperable during movement
of irradiated fuel assemblies
In the secondary
containment, during CORE
ALTERATIONS, or during
OPDRVs.

Reftwnsa Ac~ei Gnd Qa OCXwe
CowPlehow. TV o; Cotdiitiort B
04- n- durtr9 y~wveww-Af cAL
Irradia-4ed Ja-a ineb~.

'- --a---t-F--clurtrg
CORE AL Rx , o uma

t - OPRMs

NOTE
LCO 3.0.3 Is not applicable.

F.1 Suspend movement of
irradiated fuel assemblies in
the secondary containment.

AND

F.2 Suspend CORE
ALTERATIONS.

Immediately

Immediately

Immediately

AND

pF3 Initate action to suspend
OPDRVs.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.7.3.1 Operate each CREOAS filter train for 210 31 days
continuous hours with the heaters operable.

SR 3.7.3.2 Perform required CREOAS filter testing in In accordance with the VFTP
accordance With the Ventilation Filter Testing
Program (VFTP).

SR 3.7.3.3 Verify each CREOAS subsystem actuates on an 24 months
actual or simulated initiation signal.

(continued)
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CREOAS System

3.7.3
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Programs and Manuals
5.5

5.5 Programs and Manuals

5.5.11 Safety Function Determination Program (SFDP) (continued)

The SFDP identifies where a loss of safety function exists. If a loss of safety
function is determined to exist by this program, the appropriate Conditions and
Required Actions of the LCO in which the loss of safety function exists are required
to be entered. When a loss of safety function is caused by the inoperability of a
single Technical Specification support system, the appropriate Conditions and
Required Actions to enter are those of the support system.

5.5.12 Primary Containment Leakaae Rate Testing Program

A program shall be established, implemented, and maintained to comply with the
leakage iate testing of the containment as required by 10 CFR 50.54(o) and
10 CFR 50, Appendix J, Option B, as modified by approved exemptions. This
program shall be in accordance with the guidelines contained in Regulatory
Guide 1.163, "Performance-Based Containment Leak-Test Program", dated
September 1995, as modified by the following' exception:

a. NEI 9401-1995, Section 92.3: The first Type Atest performed afterthe
October 31, 1992 Type A test shall be performed no later than October 30, 2007.

The peak calculated containment internal pressure for the design basis loss of
coolant accident, Pa, is 45.0 psig.

The maximum allowable primary containment leakage rate, La, at Pa, shall be 1 % of
the primary containment air weight per day.

Leakage Rate Acceptance Criteria are:

a. Primary Containment leakage rate acceptance criterion is S 1.0 La. During each
unit startup following testing in accordance with this program, the leakage rate
acceptance criteria are •0.60 La for Type B and Type C tests and S 0.75 La for
Type A tests;

b. Air lock testing acceptance criteria are:

1) Overall air lock leakage rate is • 0.05 La when tested at 2 Pa,

2) For each door, leakage rate is •5 scfh when pressurized to 2 10 psig.

The provisions of SR 3.0.2 do not apply to the test frequencies specified in the
Primary Containment Leakage Rate Testing Program.

The provisions of SR 3.0.3 are applicable to the Primary Containment Leakage Rate
TestAndProgram.

USQUHNA-U NT2 TS /5.0-18 Amendment s41, 1/6
183



' Insert 2:

5.5.13 Control Room Habitability PrograM

A Control Room Habitability Program shall be established and implemented to
ensure that control room habitability is maintained such that, with an OPERABLE
CREOAS System, control room occupants can control the reactor safely under
normal conditions and maintain it in a safe condition following a radiological
event, hazardous chemical release, or a smoke challenge from outside the control
room envelope. The program shall ensure that adequate radiation protection is
provided to permit access and occupancy of the control. room under accident
conditions without personnel receiving radiation exposures in excess of 5 rem
total effective dose equivalent (IEE) for the duration of the accident. The
program shall include the following elements:

a. The definition of the control room envelope and the control room boundary;
b. Requirements for maintaining control room boundary integrity, including

configuration control, management of breaches, and preventive maintenance.
c. R.equirements for assessing control room habitability at the frequencies

specified in Regulatory Guide 1.197 "Demonstrating 'Contl Room Envelope
Integrity at Nuclear Power Reactors," Revision 0, May 2003.

d. Requirements for determining the unfiltered air inleakage past the control
room boundary into the control room envelope in accordance with the testing
methods and at the frequencies specified in Regulatory Guide 1.197, Revision
o, May 2003.

e. Measurement of the control room envelope positive pressure relative to
outside atmosphere during the pressurization mode of operation by one
subsystem of the CREOAS System every 24 months on a STAGGERED
TEST BASIS. The results shall be trended and compared to the positive
pressure measurements taken or to be taken during the control room inleakage
testing. These evaluations shall be used as part of an assessment of control
room boundary integrity between control room inleakage tests.

f. The quantitative limits on unfiltered air inleakage past the control room
boundary into the control room envelope. These limits shall be stated in a
manner to allow direct comparison to the unfiltered air inleakage measured by
the testing described in paragraph d. The unfiltered air inleakage limits must
demonstrate that radiation dose and hazardous chemical exposure to the
control room occupants will be within the assumptions in the licensing basis.

g. Limitations on the use of compensatory measures to consider the CREWAS
System OPERABLE when there are degraded or nonconforming conditions
that result in the unfiltered air inleakage through the control room boundary
into the control room envelope greater than the unfiltered inleakage assumed
in the licensing basis analyses. Compensatory measures are interim actions
used to maintain OPERABILITY of the CREOAS System until full
qualification of the control room boundary is restored. Degraded or
nonconforning conditions affecting the control room boundary integrity



should be resolved in a time frame commensurate with the safety significance
of the condition. The program shall place additional limits on the use of
compensatory measures which address a degraded or nonconforming control
room barrier that results in unfiltered air inleakage into the control room
envelope greater than the unfiltered air inleakage assumed in the licensing
basis analysis for the following two conditions:

1. When such compensatory measures may adversely affect the ability of
the control room occupants to respond to an accident (including, but
not limited to, the use of personal air filtration or bottled air systems),
their use may be credited to support OPERABILITY of the CREAOS
System until the next entry into MODE 2 following a refueling outage
or for a maximum of 12 months, whichever is greater, and

2. When such compensatory measures may complicate the response of
the control room occupants to an accident (including, but not limited
to, the use of potassium iodine, temporary system configurations, or
manual actions), their use may be credited to support OPERABILITY
of the CREAOS System for a maximum of 36 months.

The pro'vi'sion' of'SR' 3.'0.2 is"applicable to the control room irleakage testing
frequencies.
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Attachment 7 to PLA-5963
Page 1 of I

Table 7-1: List of Proposed Technical Specification Bases Changes (Marked ups)

Units 1 & 2
Sections Title

B 2.1.1 Reactor Core SLs
B 2.1.2 Reactor Coolant System (RCS) Pressure SL
B 3.1.7 Standby Liquid Control (SLC) System
B 3.1.8 Scram Discharge Volume (SDV) Vent and Drain Valves
B 3.2.3 Linear Heat Generation Rate (LHGR)
B 3.3.6.1 Primary Containment Isolation Instrumentation
B 3.3.6.2 Secondary Containment Isolation Instrumentation
B 3.3.7.1 Control Room Emergency Outside Air Supply (CREOAS)

System Instrumentation
B 3.4.7 Reactor Coolant Specific Activity
B 3.6.1.1 Primary Containment
B 3-64.13 . Prim ary Containment Isolation Valves (PCIIs---
B 3.6.4.1 Secondary Containment
B 3.7.3 Control Room Emergency Outside Air Supply (CREOAS)

System
B 3.7.5 Main Condenser Offgas
B 3.7.7 Spent Fuel Storage Pool Water Level
B 3.9.6 Reactor Pressure Vessel (RPV) Water Level
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PPL Rev. 1
Reactor Core SLs

B 2.1.1
BASES

APPLICABLE. 2.1.1.3 Reactor Vessel Water Level (continued)
SAFETY ANALYSES

monitored and to also provide adequate margin for effective action.

SAFETY LIMITS The reactor core SLs are established to protect the integrity of the fuel
dad barrier to the release of radioactive materials to the environs.
SL 2.1.1.1 and SL 2.1.1.2 ensure that the core operates within the fuel
design criteria. SL 2.1.1.3 ensures that the reactor vessel water level

- is greater than the top of the active irradiated fuel in order to prevent
elevated clad temperatures and resultant clad perforations.

APPLICABILITY SLs 2.1.1.1, 2.1.1.2, and 2.1.1.3 are applicable in all MODES.
-_re, Q yA

SAFETY LIMIT Exceeding an SL may cause fuel damage and create a potential for
VIOLATIONS radioactive releases in excess ... CR 100, 1rfeoti- 0 ., G /

limtts4l&-.8~ Therefore, it is required to insert all insertable control
Lrods and restore complinne with the SLs within 2 hours. The 2 hour
Completion lme ensures that the operators take prompt remedial
action and also ensures that the probability of an accident occurring
during this period is minimal.

REFERENCES 1. 10 CFR 50, AppendriA, GDC 10.

2. ANF 524 (P)(A), Revision 2, "Critical Power Methodology for
Boiling Water Reactors," Supplement 1 Revision 2 and
Supplement 2, November 1990.

3- _

4. EMF-1997 (P)(A), Revision 0, "ANFB-10 Critical Power
Correlation," July 1998 and EMF-1 997 (P)(A) Supplement I
Revision 0, "ANFB-10 Critical Power Correlation: High Local
Peaking Results," July 1998.

5. EMF-2158(P)(A), Revision 0: 'Siemens Power Corporation
Methodology for Boiling Water Reactors: Evaluation and
Validation of CASMOA4lMicrobumr-B2," October 1999.

(confinued)
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RCS Pressure SL
B 2.1.2

B 2.0 SAFETY LIMITS (SMs)

B 2.1.2 Reactor Coolant System (RCS) Pressure SL

BASES.

BACKGROUND The SL on reactor steam dome pressure protects the RCS
against overpressurization. In the event of fuel cladding
failure, fission products are released into the reactor
coolant. The RCS then serves as the primary barrier in
preventing'the release of fission products into the
atmosphere. Establishing an upper limit on reactor steam
dome pressure ensures continued RCS integrity. According to
10 CFR 50, Appendix' A. GDC 14. "Reactor Coolant Pressure
Boundary." and GDC 15. "Reactor Coolant System Design"
(Ref. 1). the reactor coolant pressure boundary (RCPB) shall
be designed with sufficient margin to ensure that the design
conditions are not exceeded during normal operation and
anticipated operational occurrences (AOOs).

During normal operation and AOOs. RCS pressure is limited
from exceeding the design pressure by more than 10X. in
accordance with Section III of the ASME Code, (Ref. 2). To
ensure system integrity, all RCS components areI hydrostatically. tested at 125X of 'design pressure. in
accordance with ASME Code requirements. prior to initial
operation when there is no fuel in the core. Any further
hydrostatic testing with fuel in the core may be done under
LCO 3.10.1. "Inservice Leak and Hydrostatic Testing
Operation." Following inception of unit operation. RCS
components shall. be pressure tested in accordance with the
requirements of ASME Code. Section XI (Ref. 3).

Overpressurization of the RCS could result in a breach of
the RCPB, reducing the number of protective barriers
designed to prevent radioactive releases from exceeding ith)e.

re t u..4otr _limits ppccifIcd-iii 10 Cffl100. a Site Ci-Re--4'r If this occurred in conjunction with a fuel
cladding failure, fission products could enter the

APPLICABLE The RCS safety/relief valves and the Reactor Protection
SAFETY ANALYSES System Reactor High Flux and Vessel Steam Dome

Pressure-High Function have settings established to ensure
that the RCS pressure SL will not be exceeded.

(conti nued)
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RCS Pressure SL
B 2.1.2

BASES

APPLICABLE
SAFETY ANALYSES

(continued)

The RCS pressure SL has been selected such that it is at a
pressure below which it can be shown that the integrity of
the system is not endangered. The reactor pressure vessel
is designed to Section III of the ASME, Boiler and Pressure
Vessel Code, 1968 Edition, including Addenda through the
summer of 1970 (Ref. 5), which permits a maximum pressure
transient of 110:. 1375 psig, of design pressure 1250 psig.
The SL of 1325 psig, as measured in the reactor steam dome,
is equivalent to 1375 psig at the lowest elevation of the
RCS. The RCS inside containment is designed to the ASME
Boiler and Pressure Vessel Code. Section III. .1971 Edition
with Addenda through summer of 1972 (Ref. 6). for the
reactor recirculation piping, which permits a maximum
pressure transient of 110% of design pressures of 1250 psig
for suction piping and 1500 psig for discharge piping. The
RCS pressure SL is selected to be the lowest transient
overpressure allowed by the applicable codes.

SAFETY LIMITS The maximum transient pressure allowable in the RCS pressure
vessel under the ASME Code, Section III, is 110o of design
pressure. The maximum transient pressure allowable-in the
RCS piping, valves, and fittings is 110% of design pressures
of 1250 psig for suction piping and 1500 psig for discharge
piping. The most limiting of these allowances is the ilOZ
of the suction piping design pressures: therefore, the SL on
maximum allowable RCS pressure is established at 1325 psig
as measured at the reactor steam dome.

APPLICABILITY SL 2.1.2 applies in all MODES.

SAFETY LIMIT / Eceing the RCS pressure SL may cause immediat£SC
VIOLATIONS / filure and create a potential for radioactive I leases i n\

I excess of 10 Gan lo"Reactor Site Gritosal . imits
(Recf.-*). Therefore, it is required to insert all
insertable control rods and restore compliance with the SL
within 2 hours. The 2 hour Completion Time ensures that the
ogerators take prompt remedial action and also assures that

probability of an accident occurring during this period
is minimal._,'

(conti nued)
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RCS Pressure SL
B 2.1.2

BASES (continued)

REFERENCES 1. 10 CFR 50, Appendix A, GDC 14, GDC 15. and GDC 28.

2. ASME, Boiler and Pressure Vessel Code. Section III.
Article NB-7000.

3. ASME, Boiler and Pressure Vessel Code.
Article IW-5000.

4. 4§-GFi1O0. Ze6Isr .

5. ASME, Boiler and Pressure Vessel Code.
1968 Edition. Addenda summer of 1970.

Section XI.

Section III.

6. ASME. Boiler and Pressure Vessel Code. Section III.
1 1971 Edition, Addenda summer of 1972.

OMMOMM

.
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SLC System

B3.1.7

B3.1

B 3.1.7

REACTIVITY CONTROL SYSTEMS

Standby Liquid Control (SLC) System

BASES

BACKGROUND The SLC System is designed to provide the capability of bringing the reactor,
at any time In a fuel cycle, from full power and minimum control rod inventory
to a subcritical condition with the reactor in the most reactive, xenon free
state without taking credit for control rod movement. Insert I The SLC
system satisfies the requirements of 10 CFR 50.62 (Ref. 1) for anticipated
transient without scram.

The SLC System consists of a sodium pentaborate solution storage tank,
two positive displacement pumps, two explosive valves that are provided in
parallel for redundancy, and associated piping and valves used to transfer
borated water from the storage tank to the reactor pressure vessel (RPV).
The borated solution is discharged near the bottom of the core shroud,
where it then mixes with the cooling water rising through the core. A smaller
tank containing demineralized water is provided for testing purposes.

APPLICABLE
SAFETY
ANALYSES

The SLC System is manually initiated from the main control room, as
directed by the emergency operating procedures, if the operator believes the
reactor cannot be shut down, or kept shut down, with the control rods or if
fuel damage occurs nost-LOCA. The SLC System is used in the event that
enough control rods cannot be inserted to accomplish shutdown and
cooldown in the normal manner or if fuel damage occurs post-LOCA. The
SLC System injects borated water into the reactor core to add negative
reactivity to compensate for all of the various reactivity effects that could
occur during plant operations. To meet this objective, it is necessary to inject
a quantity of boron, which produces a concentration of 660 ppm of natural
boron, in the reactor coolant at 680F. To allow for potential leakage and
imperfect mixing in the reactor system, an amount of boron equal to 25% of
the amount cited above is added (Ref. 2). The volume versus concentration
limits in Figure 3.1.7-1 and the temperature versus concentration limits in
Figure 3.1.7-2 are calculated such that the required concentration is
achieved accounting for dilution in the RPV with normal water level and
including the water volume in

(continued)
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SLC System

B 3.1.7

BASES

APPLICABLE the residual heat removal shutdown cooling piping and in the recirculation
SAFETY loop piping. This quantity of borated solution is the amount that is above
ANALYSES the pump suction shutoff level in the boron solution storage tank. No credit

(continued) is taken for the portion of the tank volume that cannot be injected. The
minimum concentration of 13.6 weight percent ensures compliance with
the requirements of 10 CFR 50.62 (Ref. 1).

The SLC System satisfies the requirements of the NRC Policy Statement
(Ref. 3) because operating experience and probabilistic risk assessments
have shown the SLC System to be important to public health and safety.
Thus, it is retained in the Technical Specifications.

LCO The OPERABILITY of the SLC System provides backup capability for
reactivity control independent of normal reactivity control provisions provided
by the control rods. The OPERABILITY of the SLC System is based, on the

;iniistheborated solution in the storage tank and the availability of a
flow path to the RPV, including the OPERABILITY of the pumps and valves.
Two SLC subsystems are required to be OPERABLE; each contains an
OPERABLE pump, an explosive valve, and associated piping, valves, and
instruments and controls to ensure an OPERABLE flow path.

APPLICABILITY In MODES 1 and 2, shutdown capability is required. In MODES 3 and 4,
control rods are not able to be withdrawn (except as permitted by LCO
3.10.3 and LCO 3.10.A) since the reactor mode switch is in shutdown and a
control rod block is applied. This provides adequate controls to ensure that
the reactor remains suboritical. In MODE 5, only a single control rod can be
withdrawn from a core cell containing fuel assemblies. Demonstration of
adequate SDM (LCO 3.1.1, SHUTDOWN MARGIN (SDM)O) ensures that
the reactor will not become critical. Therefore, the SLC System is not
required to be OPERABLE when only a single control rod can be withdrawn.

(continued)
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SLC System

B 3.1.7

BASES
arad supprTsziar% pool

ACTIONS AM -p woo

If the boron solution concentration is less than the required limits
compliance with 10 CFR 50.62 (Ref. 1) (> 13.6 weight percent) but grate
than the concentration required for cold shutdown (original licensing basis
the concentration must be restored to within limits > 13.6 weight percet in
72 hours. It is not necessary under these conditions to enter Condition C for
both SLC subsysteio ble since they are capable of performing their
original design basiitunctlo ecause of the low probability of an event
and the fact that the S myste capability still exists for vessel injection
under these conditions, the allowed Completion Time of 72 hours is
acceptable and provides adequate time to restore concentration to within
limits.

The second Completion Time for Required Action A.1 establishes a limit on
-t maximum ftime allowed for any combination of concentration out of Nlmits
or inoperable SLC subsystems during any single continuous occurrence of
failing to meet the LCO. If Condition A is entered while, for instance, an SLC
subsystem is inoperable and that subsystem Is subsequently returned to
OPERABLE, the LCO may already have been not met for up to 7 days. This
situation could lead to a total duration of 10 days (7 days in Condition B.
followed by 3 days in Condition A), since initial failure of the LCO, to restore
the SLC System. Then an SLC subsystem could be found inoperable again,
and concentration could be restored to within limits. This could continue
Indefinitely.

This Completion Time allows for an exception to the normal "time zero" for
beginning the allowed outage time "clock," resulting in establishing the "time
zero" at the time the LCO was initially not met instead of at the time
Condition A was entered. The 10 day Completion Time Is an acceptable
limitation on this potential to fail to meet the LCO indefinitely.

B.1

If one SLC subsystem is inoperable for reasons other than Condition A,
the inoperable subsystem must be restored to OPERABLE status within
7 days. In this condition, the remaining OPERABLE subsystem is
adequate to perform the

(continued)
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B 3.1.7

BASES

ACTIONS ..B.1 (continued) PODd provide...d..... . .u$5 re ng ce +0)
- +h e sufprissklpool\./

shutdown functio However the overall reliability Is reduced because a
single failure in th eng O B su sld re
reduced SLC System shutdown capability. The 7 day Completion Time is
based on the availability of an OE AL emcapable of
performing the !nteoned SLC Svtmfntoelwpoaiiof an

The second Completion Time for Required Action B.1 establishes a limit on
the maximum time allowed for any combination of concentration out of limits
or inoperable SLC subsystems during any single continuous occurrence of
failing to meet the LCO. If Condition B is entered while, for instance,
concentration is out of limits, and Is subsequently returned to within limits,
the LCO -mayalr-eady have beennot met for up to 3 days. Ths situation
could lead to a total duration of 10 days (3 days In Condition A, followed by
7 days in Condition B), since initial failure of the LCO, to restore the SLC
System. Then concentration could be found out of limits again, and the
SLC subsystem could be restored to OPERABLE. This could continue
indefinitely.

This Completion Time allows for an exception to the normal "time zero" for
beginning the allowed outage time clock," resulting in establishing the "time
zero" at the time the LCO was initially not met Instead of at the time
Condition B was entered. The 10 day Completion Time is an acceptable
limitation on this potential to fail to meet the LCO indefinitely.

C.1

If both SLC subsystems are Inoperable for reasons other than Condition A,
at least one subsystem must be restored to OPERABLE status within
8 hours. The allowed Completion Time of 8 hojjr Is considered acce table

control rote shut doN the (conie)

* (continued)
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PPL Rev. 0
SLC System

B 3.1.7

this status, the plant Es e 3 within 2hus

4CE SR 3.1.7.1. SR 3.1.7.2. and SR 3.1.7.3

SR 3.1.7.1 through SR 3.1.7.3 are 24 hour Surveillances ver!ifng certain.
characteristics of the SLC System (e.g., the volume and temperature of the

........borate solution I the. stora ge ta.nk),..thereb.y ens-uring SLC- System
OPERABILITY without disturbing normal plant operation. These
Surveillances ensure that the proper borated solution volume and
temperature, including the temperature of the pump suction piping, are
maintained. Maintaining a minimum specified borated solution temperature
Is Important in ensuring that the sodium pentaborate remains in solution and
does not precipitate out in the storage tank or In the pump suction piping.
The temperature versus concentration curve of Figure 3.1.7-2 ensures that a
IOoF margin will be maintained above the saturation temperature. An
altemRate method of performing SR 3.1.7.3 is to verify the OPERABILITY of
the SLC heat trace system. This verifies the continuity of the heat trace lines
and ensures proper heat trace operation, which ensure that the SLC suction
piping temperature is maintained. The 24 hour Frequency is based on
operating experience and has shown there are relatively slow variations in
the measured parameters of volume and temperature.

SR 3.1.7.4 and SR 3.1.7.6

SR 3.1.7. verifies the continuity of the explosive charges in the injection
valves to ensure that proper operation will occur if required. Other
administrative controls, such as those that limit the shelf life of the explosive
charges, must be followed. The 31 day Frequency is based on

(continued)
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B 3,1.7

BASES

SURVEILLANCE SR 3.1.7.7
REQUIREMENTS

(continued) Demonstrating that each SLC System pump develops a flow rate 2 41.2 gpm
at a discharge pressure 2 1224 psig ensures that pump performance has not
degraded during the fuel cycle. This minimum pump flow rate requirement
ensures that, when combined with the sodium pentaborate solution
concentration requirements, the rate of negative reactivity insertion from the
SLC System will adequately compensate for the positive reactivity effects
encountered during power reduction, cooldown of the moderator, and xenon

Tay.1This est confirms one point on the pump design curve and is
K c indIe f overall perfonnance. Such inservice inspections confirm

component OPERABILITY, trend performance, and detect incipient failures
by indicating abnormal performance. The Frequency of this Surveillance is
in accordance with the Inservice Testing Program.

. . . . ............. ............... ......... .. .......
SR 3.1.7.8 and SR 3.1.7.9

These Surveillances ensure that there Is a functioning flow path from the
boron solution storage tank to the RPV, including the firing of an explosive
valve. The replacement charge for the explosive valve shall be from the
same manufactured batch as the one fired or from another batch that has
been certified by having one of that batch successfully fired. The pump and
explosive valve tested should be altemated such that both complete flow
paths are tested every 48 months at altemating 24 month intervals. The
Surveillance may be performed in separate steps to prevent Injecting
solution into the RPV. An acceptable method for verifying flow from the
pump to the RPV is to pump demineralized water from a test tank through
one SLC subsystem and Into the RPV. The 24 month Frequency is based
on the need to perform this Surveillance under the conditions that apply
during a plant outage and the potential for an unplanned transient if the
Surveillance were performed with the reactor at power. Operating
experience has shown these components usually pass the Surveillance
when performed at the 24 month Frequency; therefore, the Frequency was
concluded to be acceptable from a reliability standpoint.

Demonstrating that all heat traced piping between the boron solution storage
tank and the suction inlet to the injection

(continued)
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Insert 1: Additionally, the SLC System is designed to provide sufficient buffering agent
to maintain the suppression pool pH at or above 7.0 following a DBA LOCA involving
fuel damage. Maintaining the suppression pool pH at or above 7.0 will mitigate the re-
evolution of iodine from the suppression pool water following a DBA LOCA.

Insert 2: The SLC system is also used to control Suppression Pool pH in the event of a
DBA LOCA by injecting sodium pentaborate into the reactor vessel. The sodium
pentaborate is then transported to the suppression pool and mixed by ECCS flow
recirculation through the reactor, out of the break and into the suppression chamber. The
amount of sodium pentaborate solution that must be available for injection following a
DBA LOCA is determined as part of the DBA LOCA radiological analysis. This
quantity is maintained in the storage tank as specified in the Technical Specification.

Insert 3: and provides sufficient buffering agent to maintain the suppression pool pH at
or above 7.0 following a DBA LOCA involving fuel damage.

Insert 4: A DBA LOCA that results in the release of radioactive material is possible in
MODES 1, 2 and 3 therefore capability to buffer the suppression pool pH is required. In
MODES 4 and 5 a DBA LOCA with a radioactive release need not be postulated.

~~~~~~~~~............................................. .......................... ....... ....... ........... ........... ........................ -W .................I................. ... ....... .................................. ...........

Insert 5: Additionally, the minimum pump flow rate requirement ensures that adequate
buffering agent will reach the suppression pool to maintain pH above 7.0.



SDV Vent and Drain Valves
B 3.1.8

B 3.1 REACTIVITY CONTROL SYSTEMS

B 3.1.8 Scram Discharge Volume (SDV) Vent and Drain Valves

BASES

BACKGROUND The SDV vent and drain valves are normally open and
discharge any accumulated water in the SDV to ensure that
sufficient volume is available at all times to allow a
complete scram. During a scram, the SDV vent and drain
valves close to contain reactor water. The SDV is a volume
of header piping that connects to each hydraulic control
unit (HCU) and drains into an instrument volume. There are
two SDVs (headers) and two instrument volumes. each
receiving approximately one half of the control rod drive
(CRD) discharges. The two instrument volumes are connected
to a common drain line with two valves in series. Each
header is connected to a common vent line with two valves in
series. The header piping is sized to receive and contain
all the, water discharged by the CRDs during a scram. lThe
design and functions of the SDV are described in
Reference 1.

0
APPLICABLE The Design Basis Accident and transient analyses assume all
SAFETY ANALYSES of the control rods are capable of scramming. The

acceptance criteria for the SDV vent and drain valves are
that they operate automatically -/F- _ _ __

a. Close during scram to 1ig the amount of reactor
coolant discharged so tht adequate core cooling is
maintained and offsite Joses remain within iej imi ts

oef 1o cin 100 (Rcf. He; and

b. Open on scram reset to maintain the SDV vent and drain
path open so that there is sufficient volume to accept
the reactor coolant discharged during a *scram.

Isolation of the SDV can also be accomplished by. manual
closure of the SDV valves. Additionally. the disch
reactor coolant to the SDV can be term mteS.yF scram reset r
or closure of the HCU manual isolatWF valves. For a
bounding leakage case, the offsite &oses are well within 4ie- /

recala -ifes limits-of--10 c l (Ref. i!). and adequate core cooling is
'm maintained (Ref. 3). The SDV vent and drain valves allow

continuous dra i nage of -the SDV during normal plant operation

(conti nued)
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SDV Vent and Drain Valves
B 3.1.8

0 BASES

SURVEILLANCE
REQUIREMENTS

SR 3.1.8.3 (continued)

30 seconds after receipt of a scram signal is based on the
bounding leakage case evaluated in the accident analysis
based on the requirements of Reference 2. Similarly, after
receipt of a simulated or actual scram reset signal, the
opening of the SDV vent and drain valves is verified. The
LOGIC SYSTEM FUNCTIONAL TEST in LCO 3.3.1.1 and the scram
time testing of control rods in .LCO 3.1.3 overlap this
Surveillance to provide complete testing of the assumed
safety function. The 24 month Frequency is based on the
need to perform portions of this Surveillance under the
conditions that apply during a plant outage and the
potential for an unplanned transient if the Surveillance
were performed with the reactor at poer. Operating
experience has shown these components usually pass the
Survei l lance when performed at the 24 month Frequency:
therefore, the Frequency was concluded to be acceptable from
a -reliability standpoint.

0o REFERENCES 1. FSAR, Section 4.6.

2. ( ie-erRHeo' Vp e<egb
2.

3. NUREG-0803, "Generic Safety Evaluation Report
Regarding Integrity of BWR Scram System Piping,"
August 1981.

4. Final Policy Statement
Improvements. July 22.

on Technical Specifications
1993 (58 FR 39132).
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LHGR

B 32.3

B 3.2 POWER DISTRIBUTION UMITS

B 32.3 LINEAR HEAT GENERATION RATE (LHGR)

BASES

BACKGROUND The LHGR Is a measure of the heat generation rate of a fuel rod In a fuel
assembly at any axial location. Limits on LHGR are specifed to ensure
that fuel design limits are not exceeded anywhere In the core during nom-al
operation. Exceeding the LHGR limit could potentially result In fuel
damage and subsequent release of radioactive materials. Fuel design
limits are specified to ensure that fuel system darnage, fuel rod failure, or
inability to cool the fuel does not occur during the normal operations
identified in Reference 1.

APPLICABLE
SAFElY
ANALYSES

The analytical methods and assumptions used in evaluating the fuel
system design are presented in References 1213, and 4. The fuel
assembly Is designed tb ensure (in conjunction with the core nuclear and
thermal hydraulic design,-plant equipmen instrumentation, andeion
system) that fuel damage will not result In the release of radioactive
materials in excess o fh lin of 1 C , rt# 0, -, c
The mechanisms thattcould cause fuel damage during operational
transients and that a red In fuelevaluations are:

. ~reg~Ia1- 7 hm,*s5;
a. Rupture of the fuel rod cladding caused by strain from the relative

expansion of the U02 pellet; and.

b. Severe overheating of the fuel rod cladding caused by inadequate
cooling.

. A value of 1% plastic strain of the fuel dadding has been defined as the
lirmit below which fuel darmage caused by overstraining of hem fuel cladding
Is not expected to occur (Ref. 3).

Fuel design evaluations have been performed and demonstrate that the
1% fuel cladding plastic strain design limit Is not exceeded during
continuous operation with LHGRs up to the operating lirit specified in the
COLR. A separate evaluation was performed to determine the limits of
LHGR during anticipated operational occurrenoes. This limit,

-continued)
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Primary Containment Isolation Instrumentation

B 3.3.6.1

BASES

APPLICABLE
SAFETY
ANALYSES,
ILCO, and
APPLICABILITY

(continued)

The penetrations which are Isolated by the below Isted functions can be
determined by referring to the PCIV Table found In the Bases of LCO
3.6.1.3, Primary Containment Isolation Valves."

Main Steam Line Isolation

l.a. Reactor Vessel Water Level-Low Low Low. Level I

Low reactor pressure vessel (RPV) water level indicates that the
capability to cool the fuel may be threatened. Should RPV water level
decrease too far, fuel damage could result. Therefore, Isolation of the
MSIVs and other interfaces with the reactor vessel occurs to prevent
offsite dose limits
from being exceeded. The Reactor Vessel Water LevelP-Low Low Low,
Level I Function is one of the many Functions assumed to be
OPERABLE and capable of providing Isolation signals. The Reactor

--....---Vessel Water LevelL Low Low , Level -Function associated with
isolation Is assumed In the analysis of Me recirculation line break
(Ref.u1). The Isolation of the MSLs on Level I supports actions to
ensure that offsite dose limits are not exceeded for a DBA.

Reactor vessel water level signals are initiated from four level
instruments that sense the difference between the pressure due to a
constant column of water (reference leg) and the pressure due to the
actual water level (variable leg) in the vessel. Four channels of Reactor
Vessel Water Level-Low Low Low, Level I Function are available and
are required to be OPERABLE to ensure that no single instrument
failure can preclude the isolation function.

The Reactor Vessel Water Level-L Low Low, Level I Allowable
Value is chosen to be the same as the ECCS Level I Allowable Value
(LCO 3.3.5.1) to ensure that the MSLs isolate on a potential loss of
coolant accident (LOCA) to prevent offslte doses from exceeding

.- e .4O GFfR le& limits. d -
a .681 ran'o Al^

(continued)
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Primary Containment Isolation Instrumentation

B 3.3.6.1

BASES

APPUCABIJ
SAFETY
ANALYSES,
LCO, and
APPUCABIL

I .c. Main Steam Une Flow-High (continued)-

directly assumed in the analysis of the main steam line break (MSLB)
(Ref. 1). The Isolation action, along with the scram function of the

fTY Reactor Protection System (RPS), ensures that the fuel peak cladding
temperature remains below the limbs of 10 CFR 50.48 and offsdt,
do not exceed Fe1 r te limits. Xc nd

< =ttS /s_ -con+"l
The MSL flow signals are initiated from 16 Instruments that are roem
connected to the four MSLs. The Instruments are arranged such that,
even though physically separated from each other, all four connected to
one MSL would be able to detect the high flow. Four channels of Main
Steam Line Flow-i-gh Function for each unisolated MSL (two channels
per trip system) are available and are required to be OPERABLE so that
no single Instrument failure will preclude detecting a break In any
individual MSL

...... ............ .. .... - -. ........ ..... .. A.. .. .. . ..... .......... ....... ....I. ....... ... ... ........... .... ... . . ....... .. ........ ............ ................... ........ .............. .... ........ .... .......... ...... .. .. ...

I.d. Condenser VacuumLow

The Allowable Value is chosen to ensure that offsite dose limits are not
exceeded due to the break.

The Condenser Vacuum-Low Function Is provided to prevent
overpressurization of the main condenser In the event of a loss of the
main condenser vacuum. Since the Integrity of the condenser Is an
assumption in offsite dose calculations, the Condenser Vacuum-Low
Function is assumed to be OPERABLE and capable of Initiating closure
of the MSIVs. The closure of Me MSIVs is initated to prevent the
addition of steam that would lead to additional condenser pressurization
and possible rupture of the diaphragm installed to protect the turbine
exhaust hood, thereby preventing a potential radiation leakage path
following an accident.

Condenser vacuum pressure signals are derived from four pressure
instruments that sense the pressure in the condenser. Four channels of
Condenser Vacuum-Low Function are available and are required to be
OPERABLE to ensure that no single instrument failure can preclude the
isolation function.

(continued)
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APPLICABLE 1.f. Manual Initiation (continued)
SAFETY
ANALYSES, There are four push buttons for the logic, two manual initiation push
LCO, and button per trip system. There is no Allowable Value for this Function
APPLICABILITY since the channels are mechanically actuated based solely on the

position of the push buttons.

Two channels of Manual Initiation Function are available and are
required to be OPERABLE in MODES 1, 2, and 3, since these are the
MODES in which the MSL isolation automatic Functions are required to
be OPERABLE.

Primary Containment Isolation
2.a. Reactor Vessel Water Level - Low. Level

.......... ......... ............. .... ....................._:::

Low RPV water level indicates that the capability to cool the fuel may be
threatened. The valves whose penetrations communicate with the
primary containment are isolated to limit the release of fission products.
The Isolation of the primary containment on Level 3 supports actions to
ensure that offsite dose limits -f 4 cFr .GO are not exceeded. The

a-Ma RectarVessel Vter vel-Low, Level 3 Function associated with
c04re/, isolation is implicitly as umed in the FSAR analysis as these leakage

r~o I paths are assumed to eisolated post L,0CA.-

Ractor Vessel Water Levelow, Level 3 signals are Iitilated from
level instruments that sense the difference between the pressure due to
a constant column of water (reference leg) and the pressure due to the
actual water level (variable leg) in the vessel. Four channels of Reactor
Vessel Water Level-Low, Level 3 Function are available and are
required to be OPERABLE to ensure that no single instrument failure
can preclude the isolation function.

The Reactor Vessel Water Level-Low, Level 3 Allowable Value was
chosen to be the same as the RPS Level 3 scram Allowable Value
(LCO 3.3.1.1), since isolation of these valves is not critical to orderly
plant shutdown.

(continued)
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APPUICABLE 2.b. Reactor Vessel Water Level- Low Low, Level 2
,,SAFETY -, ---

ANALYSES. Low RPV water level Indicates that the capability to cool the fuel may be
LCO, and threatened. The valves whose penetrations communicate with the
APPLICABILITY primary containment are isolated to limit the release of fission products.
(contined The isolation of the primary containment on Level 2 supports actions to

ensure that offsite dose limits44 1 mO ware not exceeded. The
Reactor Ve r evelLow Lo, Level 2 Function associatedanI -?n is~olation is 1mpl y assumed In the FSAR analysis as fthse
leakage paths are a umed to be Isolated post LOC. A.

roo*""4- 14 i eyy-*t

aco TV=.nals are Initiated
from level instruments that sense the difference between the pressure
due to a constant column of water (reference leg) and the pressure due
to the actual water level (variable leg) In the vessel. Four channels of
Reactor Vessel Water Level-4-o Low, Level 2 Function are available
a--- onda e requiredbe-OPERABLE-to ensure that no sinle me
failure can preclude the Isolation function.

The Reactor Vessel Water Leve-Low Low, Level 2 Allowable Value
*was chosen to be the same as the ECCS Level 2 Allowable Value
(LCO 3.3.5.1), since this may be indicative of a LOCA.

2.c. Reactor Vessel Water Leve-Low Low Low. Level 1

Low reactor pressure vessel (RPV) water level indicateist tht th
capability to cool the fuel may be threatened. Should RPV water level
decrease too far, fuel damage could result The valves whose
penetrations communicate with the primary containment are Isolated to
limit the release of fission products. The Isolation of the primary
containment on Level I supports actions to ensure the offs;t' dose limits
ef4 10eFR1 Be are not exceeded. The Reactor Vessel Watr Lev I -
Low Low Low, Level I Function associated with isolati imph tly
assumed in the FSAR analysis as these leakage are ass med to
be isolated post LOCA.

ro(continued

(continued)
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APPLICABLE 2.c. Reactor Vessel Water Level-Low Low Low. Level I (continued)
SAFETY
ANALYSES, Reactor vessel water level signals are initiated from four level
LCO, and instruments that sense the difference between the pressure due to a
APPLICABILITY constant column of water (reference leg) and the pressure due to the

actual water level (variable leg) In the vessel. Four channels of Reactor
Vessel Water Level-Low Low Low, Level I Function are avaiable and
are required to be OPERABLE to ensure that no single instrument
failure can preclude the isolation function.

The Reactor Vessel Water Level-owv Low Low, Level I Allowable
/Value is chosen to be the same as the ECCS Level I Allowable Value
/n(LCO 3.3.5.1) to ensure that the associated penetratimas containet, os a

potential loss of coolant acRdent (LOCA) to prevent offsktesdoses from
exceeding gwe sure slimits. r i

u ithat re . Four chan s of
Dwel Pressure- Highh pr Flea

h drwel ressu re can indicate a break in the RCPBi
Oprima L containments The isolation of some of the primary containment
isolation valves on high drywell pressure supports actions to ensure that

>~~~0 ~~offsite dcl ,
dose Alimits Valuev was sare not exceeded. The Drywell Pressure
IdiFunction, associated with isolation of the primary containment is

nimplicitly assumed in the FSAR accident analysis as these leakage

High drywell pressure signals are inflated from pressure instrumnents
that sense the pressure in the drywell. Four channels of Drywall
Pressure-High per Function are available and are required to be
OPERABLE to ensure that no single instrument failure can preclude the
isolation function.

The Allowable Value was selected to be-the same as the ECCS; Drywell
Pressure-igh Allowable Value (LCO 3.3.5.1), since this may be
indicatie of a LOCA inside primary containment.

(continued)
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APPLICABLE 5.e. SLC System Initiation
SAFETY
ANALYSES, The isolation of the RWCU System is required when the SLC System
LCO, and has been Initiated to prevent dilution and removal of tew boron solution
APPUCABILITY by the RWCU System (Ref. 4). SLC System initiation signals are

(continued) initiated from the two SLC pump start signals.

There Is no Allowable Value associated with this Function since the
channels are mechanically actuated based solely on the position of the
SLC System initiation switch.

z e MODES I and 2, are the only wiD i.re% dlw I ==%0iWr

unhung~~w consisteonis nt w ih the Applicability for th SLC /
System (100 3.L7)..

As nbted (footnote (b) to Table 3.3.6.1-1), this Function is only required
to dose the outboard RWCU isolation valve trip systems.

5.f. Reactor Vessel Water Level-Low Low. Level 2

Low RPV water level indicates that the capability to cool the fuel may be
threatened. Should RPV water level decrease too far, fuel damage
could result Therefore, isolation of some interfaces with the reactor
vessel occurs to isolate the potential sources of a break. The isolation
of the RWCU System on Level 2 supports actions to ensure that the fuel
peak cladding temperature remains below the limits of 10 CFR 50.46.
The Reactor Vessel Water Level-Low Low, Level 2 Function
associated with RWCU isolation is not directly assumed In the FSAR
safety analyses because the RWCU System line break is bounded by
breaks of larger systems (recirculation and MSL breaks are more
limiting).

Reactor Vessel Water Level-Low Low, Level 2 signals are initiated
from four level instruments that sense the difference between the
pressure due to a constant column of water (reference leg) and the
pressure due to the actual water level (variable leg) in the vessel. Four
channels of -

(continued)
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APPLICABLE 6.b. Reactor Vessel Water Level-Low. Level a (continued)
SAFETY
ANALYSES. In MODES 1 and 2, another isolation (i.e., Reactor Steam Dome
LCO, and Pressure-High) and administrative controls ensure that this flow path
APPLICABILITY remains Isolated to prevent unexpected loss of inventory via this flow

path.

6.c Manual Initiation

The Manual Initiation push button channels introduce signals to RHR
Shutdown Cooling System isolation logic that is redundant to the
automatic protective instrumentation and provide manual Isolation
capability. There is no specific FSAR safety analysis that takes credit
for this Function. It Is retained for overall redundancy and diversity of
the isolation function as required by the NRC in the plant licensing basis.

There are two pushbuttons for the logic,"'one manu'al'"initiation 'pus'h''"
button per trip system. There is no Allowable Value for this Function
since the channels are mechanically actuated based solely on the
position of the push buttons.

Two channels of the Manual Initiation Function are available and are
required to be OPERABLE in MODES 3,4, and 5, since these are the
MODES in which the RHR Shutdown Cooling System Isolation
automatic Function are required to be OPERABLE.

Traversing Incore Probe System Isolation

7.a Reactor Vessel Water Level - Low. Level 3

owRPV water level indicates that the capability tocool the fuel may be\
/ ~threatened. The valves whose penetrations communicate wffh the|

/ ~primary containment are isolated to limit the release of fission products.|
/ ~The isolation of the primary containment on Level 3 supports actions tom
/ ~ensure that offsie d s~I' its; of 10 c tn lore not exceeded. Thle

Reactor Vessel ater - Low, Level 3 Function associated with
isolation is impli itly as umed in the FSAR analysis as these leakage
paths are assu ed to/be isolated post LOCA.

aLd Cc".W/ ~coc Lt l r,;d)

(continuled)
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APPLICABLE 7.a Reactor Vessel Water Level - Low. Level 3- (continued)
SAFETY
ANALYSES, Reactor Vessel Water Level - Low, Level 3 signals are initiated from
LCO, and level transmitters that sense the difference between the pressure due to
APPLICABILITY a constant column of water (reference leg) and the pressure due to the

actual water level (variable leg) in the vessel. Two channels of Reactor
Vessel Water Level - Low, Level 3 Function are available and are
required to be OPERABLE to ensure that no single instrument failure
can initiate an inadvertent isolation actuation. The isolation function is
ensured by the manual shear valve in each penetration.

The Reactor Vessel Water Level - Low, Level 3 Allowable Value was
chosen to be the same as the RPS Level 3 scram Allowable Value (LCO
3.3.1.1), since isolation of these valves is not critical to ordeily plant
shutdown.

7.b. ;Drywll Pressure -s --.-.-.--

~High drywell pressure can indicate a break in the RCIPB inside the
-/ ~primary containment The isolation of somne of the primary containment\

^ / * isolation valves on high drywell pressure supports actions to ensure that1
_ offsIte d0o4.1imits of 10e erR lMare not exceeded. 'The Drywell

Osre - lgh Function, associated Mauth isolation of the primary
/containmen is implicitly assumed in the FSAR accident analysis as

el d con-rdo these leaka paths are assumed to be isolated post LOCA.
re~edva sAvy

° High drywell pressure signals ad initiated from pressure transmitters
that sense the pressure in the drywell. Two channels of Drywell
Pressure - High per Function are available and are required to be
OPERABLE to ensure that no single instrument failure can initiate an

\ ~inadvertent actuation. The isolation function is ensured by the manual|
~shear valve in each penetration.I

The Allowable Value was selected to be the same as the ECCS Drywell
Pressure - High Allowable Value (LCO 3.3.5.1), since this may be
indicative of a LOCA inside primary containment

0 {continued)
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BACKGROUND
(continued)

system initates isolation of one automatic Isolation valve (damper) and
starts one SGT subsystem (including its associated reactor building
recirculation subsystem) while the other trip system initiates Isolation of
the other automatic isolation valve in the penetration and starts the other
SGT subsystem (including its associated reactor building recirculation
subsystem). Each logic doses one of the two valves on each penetration
and starts one SGT subsystem, so that operation of either logic isolates
the secondary containment and provides for the necessary filtration of
fission products.

I

I

APPLICABLE
SAFETY
ANALYSES,
LCO, and

APPLICABILIM

The Isolation signals generated by the secondary containment isolation
instnmentation are implicetty assumed in the safety analyses of
References I and 2 to initiate closure of valves and start the SGT System
to limit offske doses.

~ dR acr--nt 4./ r.q
Rcondary Containment Isolation Valves (SCIVs),"
and LCO 3.6.4.3, "Standby Gas Treatment (SGT) System," Applicable
Safety Analyses Bases for more detail of the safety analyses.

The secondary containment Isolation instrumentation satisfies Criterion 3
of the NRC Policy Statement. (Ref. 7) Certain instrumentation Functions
are retained for other reasons and are described below in the individual
Functions discussion.

The OPERABILITY of the secondary containment Isolation
instrumentation is dependent on the OPERABILITY of the individual
Instrumentation channel Functions. Each Function must have the
required number of OPERABLE channels with their setpoints set within
the specified Allowable Values, as shown in Table 3.3.62-1. The actual
setpoint is calibrated consistent with applicable setpoint methodology
assumptions. A channel is inoperable If its actual trip setpoint Is not within
its required Allowable Value. Each channel must also respond within Its
assumed response time, where appropriate.

Allowable Values are specified for each Function specified in the Table.
Nominal trip setpoints are specified In the setpoint calculations. The
nominal setpoints are selected to ensure that the setpoints do not exceed
the Allowable Value between CHANNEL CALIBRATIONS. Operation with
a trip setpoint less conservative than the nominal trip setpoint, but within
its Allowable Value, is acceptable.

(continued)
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APPLICABLE 1. Reactor Vessel Water Level-Low Low. Level 2 (Continued)
SAFETY
ANALYSES, level (variable leg) In the vessel. Four channels of Reactor Vessel Water
LCO, and Level-Low Low, Level 2 Function are available and are required to be
APPLJCABILIlY OPERABLE to ensure that no single instrument failure can precude the

isolation function.

The Reactor Vessel Water Level-Low Low, Level 2 Allowable Value was
chosen to be the same as the High Pressure Coolant ilnection/Reactor
Core Isolation Cooling (HPCVRCIC) Reactor Vessel Water L.vel-Low
Low, Level 2 Allowable Value (LCO 3.3.5.1 and LCO 3.3.5.2), since this
could indicate that the capability to cool the fuel is being threatened.

The Reactor Vessel Water Level-Low Low, Level 2 Function is required
to be OPERABLE In MODES 1,2, and 3 where considerable energy
exists In the Reactor Coolant System (RCS); thus, there Is a pbblity of
pipe breaks resultinrg in significant releases of radioactive steam and gas.
In MODES 4 and 5, the probability and consequences of these events

are low due to the RCS pressure and temperature limitations of these
MODES; thus, this Function is not required. In addition, the Function Is
also required to be OPERABLE during operations with a potential for
draining the reactor vessel (OPDRVs) because the capability of isolating
potential sources of leakage must be provided to ensure that offsite dose
limits are not exceeded If core damage occurs. d t y

&hd C*,"i~o/
Level-Low Low, Level 2 will isolate the affected

Unit's zone (i.e., Zone I for Unit I and Zone II for Unit 2) and Zone Ill.

2. Drywell Pressure-High

High drywell pressure can indicate a break in the reactor coolant pressure
boundary (RCPB). An isolation of the secondary containment and
actuation of the SGT System are Initiated in order to mininize the
potential of an offslte dose release. The isolation on high drywell pressure
supports actions to ensure that any offsite releases arevwithin the limits
calculated in the safety analysis. However, the Drywell Pressure-High
Function associated with

(continued)
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APPLICABLE
SAFETY
ANALYSES,
LCO, and
APPUCABILITY

3. 4. 5. 6. 7 Refuel Floor Hich Exhaust Duct. Refuel Floor Wall Exhaust
Duct. and Railroad Access Shaft Exhaust Duct Radiation-High
(continued)

The Exhaust Radiation-High signals are initiated from radiation detectors
that are located on the ventilation exhaust ductwork coming from the
refueling floor zones and the Railroad Access Shaft. The signal from
each detector is input to an individual monitor whose trip outputs are
assigned to an Isolation channel. Eight channels of Refuel Floor High
Exhaust Duct and Wall Exhaust Duct Radiation-High Function (four from
Unit I and four from Unit 2) and two channels of Railroad Access Shaft
Exhaust Duct Radiation - High Function (both from Unit 1) are available to
ensure that no single instrument failure can preclude the Isolation
function.

The Allowable Values are chosen to promptiy detect gross failure of the
fuel cladding.

The Refuel Floor Exhaust Radiation-High Functions are required to be
OPERABLE during CORE ALTERATIONS, OPDRVs, and movement of
irradiated fuel assemblies in the secondary containment, because the
capability of detecting radiation releases due to fuel failures (due to a fuel
handling accident) must be provided to ensure that offsite dose limis are
notexceeded. -t d;cj coh* o/

The Railroad Access Shaft Exhaust Duct Radiation - High Funonis
required to be OPERABLE during handling of Irradiated fuel within the
Railroad Access Shaft, and above the Railroad Access Shaft with the
Railroad Access Shaft Equipment Hatch open. This provides the
capability of detecting radiation releases due to fuel failures resulting from
dropped fuel assemblies which ensures that offsite dose limits are not
exedd tZ*&d"20t0
Refuel Floor High and Wall Exhaust Duct and Railroad Access Shaft
Exhaust Duct Radiation - High Functions will isolate Zone IlIl of secondary
containment

"(continued)
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BASES (continued)

APPLICABLE e ability of the CREOAS System to maintain the
SAFETY ANALYSES habitability of the main control room is expl citly asst
LCO. and for certain accidents as discussed in the FSAR
APPLICABILITY safety analyses (Refs. 1 and 2). CREOAS System operation

/ensures -that the radiation exposure of control- room/
personnel, through the duration of any one of the stulated
accidents. does not exceed-the-limits rsat G9y CDC 1f of- /

CREQ6S System instrumentation satisfies r tenRon 3 of the
NRC Policy Statement. (Ref. 5)

The OPERABILITY of the CREOAS System instrumentation is
dependent upon the OPERABILITY of the individual
instrumentation channel Functions spec fled in
Table 3.3.7.1-1. Each Function must have a required number
of OPERABLE channels. with their setpoints within the
specified Allowable Values. where appropriate. A channel is
inoperable if Its actual -trip setpoint is not within its
required Allowable Value. The actual setpoint is calibrated
consistent with applicable setpoint methodology asswmptions.

Allowable Values are specified for each CREOAS System
Function specified in the Table. Nominal trip setpoints are
specified in the setpoint calculations. The nominal
setpoints are selected to ensure that the setpoints do not
exceed the Allowable Value between successive CHANNEL
CALIBRATIONS. Operation with a trip setpoint less
conservative than the nominal trip setpoint, but within its
Allowable Value, is acceptable. Trip setpoints are those
predetermined values of output at which an action should
take place. The setpoints are compared to the actual
process parameter (e.g.. reactor vessel water level). and
when the measured output value of the process parameter
reaches the setpoint. the associated device changes state.
The analytic limits are derived from the limiting values of
the process parameters obtained from the safety analysis.
The Allowable Values are derived from the analytic limits.
corrected for calibration, process, and some of the
instrument errors. The trip setpoints are then determined
accounting for the remaining instrument errors (e.g..
drift). The trip setpoints derived in this manner provide
adequate protection because instrumentation uncertainties,
process effects. calibration tolerances, instrument dri ft.
and severe environment errors (for channels that must

(conti nued)
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APPLICABLE 3. 4. 5. 6. 7 Refuel Floor High Exhaust Duct. Refuel Floor
SAFETY ANALYSES, Ial Exhaust Duct and Rail road Access Shaft Exhaust Duct
LCO. and Radiation-High (continued)
APPLICABILITY

Duct Radiation-High Function (four from Unit 1 and four
from Unit 2), and two channels of the Railroad Access Shaft
Exhaust Radiation - High Function (both from Unit 1) are
available and are required to be OPERABLE when the
associated Refuel Floor Exhaust System is in operation to
ensure that no single instrument failure can preclude the
initiation function.

becu tlowable Values are chosen to promptly detect gross
ilure of the fuel cladding. The Refuel Floor Exhaust Duct

Thand Wall Exhaust Duct Radiation -High are required to be
F OPERABLE during CORE ALTERATIONS. OPDRVs. and movement of
irradiated fuel assemblies in the secondary containmentd

.. Equipment.Hn becausethe capaliityt of detectinng radationgreleases due
to fuel failures (due to fuel uncovery or dropped fuel
assemblies) must be provided to ensure that offsite dose
limits are not exceeded. - d

The Railroad Access ShaOutsExhaust Duct Radiation -High
Function is only requireto be OPERABLE during handling ofrs
irradiated fuel within the Railroad Access Shaft, and above
the Railroad Access Shaft wdith the Railroad Access Sha t
Equipment Hatch open. because the capability of detecting
radiation releases due to fuel failures (dropped fuel
assembl ies) must be provi ded to ensure that offsi te dos e/
limits are not exceeded. adc~~ o ke

B. Main Cocstrol Room Outside Air Intake Radiation-Hih

RTe main control room outside air intake radiation monitors
measure radiation levels at the control structure outside
air intake duct. ~A hilgh radiation level may pose a threat
to main control roan personnel: thus. automatically
initiating the CREOAS -System. The Control Room Air Inlet
Radiation -High FUnction consists of two independent
-monitors. Two channels of Control Room Air Inlet
Radiation -High are available and are required to be
OPERABLE to ensure that no single instrument- failure can
preclude CREOAS System initiation. The Allowable Value was
selected to ensure protection of the control room personnel.

(conti nued)
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B 3.4.7

REACTOR COOLANT SYSTEM (RCS)

RCS Specific Activity

BASES

BACKGROUND During circulation, the reactor coolant acquires radioactive materials due
to release of fission products from fuel leaks into the reactor coolant and
activation of corrosion products In thereactorcoolant. These radioactive
materials in the reactor coolant can plate out In the RCS, and, at times, an
accumulation will break away to spike the normal level of radioactvity.
The release of coolant during a Design Basis Accident (DBA) could send
radioactive materials into the environment

Umits on the maximum allowable level of radioactivity In the reactor
coolant are established to ensure that in the event of a release of any
radioactive material to the environment during a DBA, radiation doses are
maintained within#e limits ef 10 ZFR loo (Rt. -.

~~~. ... ..........................--.----.-.

This LCO contains iodine specific activity limits. The iodine isotopic
activities per gram of reactor coolant are expressed in terms of a DOSE
EQUIVALENT 1-131. The allowable levels are intended to limit the 2 hour
radiation dose to an individual at the site boundaryto - -m l fr c -i
ti_ e ' cm 100 Iimit.

APPLICABLE Analytical methods and assumptions inolving radioactive material in the
SAFETY primary coolant are presented in the FSAR (Ref. 2). The specific activity
ANALYSES in the reactor coolant (the source term) is an initial condition for evaluation

of the consequences of an accident due to a main steam line break
(MSLB) outside containment No fuel damage is postulated In the MSLB
accident, and the release of radioactive material to the environment is
assumed to end when the main steam isolation valves (MSIVs) dose
completely.

This MSLB release forms the basis for determining offsie doses (Ref. 2).
The limits on the specific activity of the primary coolant ensure that the
2 hours thyroid -. .J e .. ;dose/at the site boundary, resulting from
an MSLB outside containment during steady state operation, will not
exceed (conngu).

* , . '(Continued)
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APPLICABLE The limts on specific activity are values from a parametric evaluation of
SAFETY typical site locations. These limits are conservative because the
ANALYSES evaluation considered more restrictive parameters than for a specific site,

(continued) such as the location of the site boundary and the meteorological
conditions of the site.

RCS specific activity satisfies Criterion 2 of the NRC Policy Statement
(Ref. 3).

LCO The specific Iodine activity is limited to s 0.2 tCiIgm DOSE EQUIVALENT
1-131. This limit ensures the source term assumed in the safety analysis
for the MSLB is not exceeded, so any release of radioadivity to the
environment during an MSLBj&4ee&#m ineffzfzee 4 w ilvq et /a

\_ 1G c6FR-*99 limits. wL/ Iflf 4CGCQ bp

APPLICABILITY In MODE 1, and MODES 2 and 3 with any main steam line not isolated,
limits on the primary coolant radioactivity are applicable since there is an
escape path for. release of radioactive material from the primary coolant to
the environment in the event of an MSLB outside of primary containment

In MODES 2 and 3 with the main steam lines isolated, such limits do not
apply since an escape path does not exist In MODES 4 and 5, no limits
are required since the reactor is not pressurized and the potential for
leakage is reduced.

ACTIONS A.1 and A.2

When the reactor coolant specific activity exceeds the LCO DOSE
EQUIVALENT 1-131 limit, but Is • 4.0 ItCi/gm, samples must be analyzed
for DOSE EQUIVALENT 1-131 at least once every 4 hours. In addition,
the specific activity must be restored to the LCO limit within 48 hours. The
Completion Time of once every 4 hours is based on the time needed to
take and analyze a sample. The 48 hour Completion Time to restore the
activity level provides a reasonable time for temporary coolant activity
increases (iodine spikes or crud bursts) to be cleaned up with the normal
processing systems.

(continued)
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APPLICABLE This MSLB release forms the basis for determining offsite doses (Ref. 2).
SAFETY The limits on the specific activity of the primary coolant ensure that the
ANALYSES 2 hour hy rad wJ eb d, dose at the site boundary, resulting from

(continued) an MSLB outside containment during steady state operation, will not
exceed 109 of the Ja wu zf 10 CFR lOG.

.L- ) "C394/4 y /

The limbts on specific activity are values from a parametric evaluation of
typical site locations. These limits are conservative because the
evaluation considered more restrictive parameters than for a specific site,
such as the location of the site boundary and the meteorological
conditions of the site.

RCS specific activity satisfies Criterion 2 of the NRC Policy Statement
(Ref. 3).

' 7...........................

LCO The specific iodine activity is limited to s 0.2 pCVgm DOSE EQUIVALENTi \
1-131. This limit ensures the source term assumned in the safety analysis
for. the MSLB is not exceeded, so any release of radioactivity to the

eniomn-uipan MSL. reuh p

APPLICABILITY In MODE 1, and MODES 2 and 3 with any main steam line not isolated,
limits on the primary coolant radioactivity are applicable since there is an
escape path for release of radioactive material from the primary coolant to
the environment in the event of an MSLB outside of primary containment

In MODES 2 and 3 with the main steam lines isolated, such limits do not
apply since an escape path does not exist In MODES 4 and 5, no limits
are required since the reactor is not pressurized and the potential for
leakage is reduced.

(continued)
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BASES

ACTIONS A.1 and A.2 (continued)

A Note permits the use of the provisions of LCO 3.0.4.c. This allowance
permits entry into the applicable MODE(S) while relying on the ACTIONS.
This allowance is acceptable due to the significant conservatism
incorporated Into the specific activity ii~t, thelow. probabiity of an event
which is limiting due to exceeding this limit, and the ability to restore
transient specific activity excursions while the plant remains at, or
proceeds to power operation.

8.1. B.2.1. B.2.2.1. and 6.2.2.2

If the DOSE EQUIVALENT 1-131 cannot be restored to < 0.2 F1 CI/gm
within 48 hours, or If at any time It is > 4.0 pCVgm, it must be determined

/ ...... at least once evesy 4 hours and all the main steam lines mus--t be isolated
within 12 hours. Isolating the main steam lines precludes the possibility of
Fccloosing Fadiecatnmteia! to the ew.icmert i- i fi tht ;

re.5C/41Ary / _mer; tI-iz. *n :mrnll frgction Cf the ;l U h 10 CFR 100 during ad
~ postulated MSLB a

Alteratively, the plant can be placed in MODE 3 within 12 hours and in
MODE 4 within 36 hours. This option is provided for those instances
when isolation of main steam lines is not desired (e.g., due to the decay
heat loads). In MODE 4, the requirements of the LCO are no longer
applicable.

The Completion Time of once every 4 hours is the time needed to take
and analyze a sample. The 12 hour Completion rime is reasonable,
based on operating experience, to isolate the main steam lines in an
orderly manner and without challenging plant systems. Also, the allowed
Completion Times for Required Actions B.2.2.1 and B.2.2.2 for placing the
unit in MODES 3 and 4 are reasonable, based on operating experience, to
achieve the required plant conditions from full power conditions In an
orderly manner and without challenging plant systems.

(continued)
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B 3A.7

0 BASES (continued)

SURVEILLANCE
REQUIREMENTS

SR 3.4.7.1

This Surveillance is perfonned to ensure iodine remains within limit during
normal operation. The 7 day Frequency is adequate to trend changes in
the iodine activity level.

This SR is modified by a Note-that vequiesthis.Suvireilance to be
performed only In MODE I because the level of fission products
generated In other MODES Is much less. -

REFERENCES I cr 100.11, 1l73. ae ^66

2. FSAR, Section 15.6.4.

3. Final Policy Statement on Technical Specifications Improvements,
-- July-m2, 1993(58 FR 39132).

0
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B 3.6.1.1

BASES (continued)

APPLICABLE The safety design basis for the primary containment is that
SAFETY ANALYSES it must withstand the pressures and temperatures of the

limiting DBA without exceeding the design leakage rate.

The DBA that postulates the maximum release of radioactive
material within primary containment is a LOCA. In the
analysis of this accident, it is assumed that primary
containment is OPERABLE such that release of fission
products to the environment is controlled by the rate of
primary containment leakage.

Analytical methods and assumptions involving the primary
containment are presented in References. 1 and 2. The safety
nalyses assume a nonmechanistic fission product release

Plowing a DBA, which forms the basis for determination of
offsite doses. The fission product release. is, in turn.,
.bas~gas an assumed leakage rate from the primary

I and~--t12ftainment. OPERABILITY of the primary containment en.urs
c~ff>f/ --:---thbt 'th'e ''laage rate assumed in the safety analyses isno

The maximum allowable leakage rate for the primary
containment (L.) is 1.0X by weight of the containment air
per 24 hours at the design basis LOCA maximum peak
containment pressure (P.) of 45 psig.

Primary containment satisfies Criterion 3 of the NRC Policy
Statement. (Ref. 6)

LCO Primary containment OPERABILITY is maintained by limiting
leakage to s 1.0 -L. except prior to each startup after
performing a required Primary Containment Leakage Rate
Testing Program leakage test. At this time, applicable
leakage limits must be met. Compliance with this LCO will
ensure a primary containment configuration. including
equipment hatches, that is structurally sound and that wil1
limit leakage to those leakage rates assumed in the safety
analyses.

Individual leakage rates specified for the primary
containment air lock are addressed in LCO 3.6.1.2.

Leakage requirements for MSIVs and Secondary containment
bypass are addressed in LCO 3.6.1.3.

. (continued)
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B 3.6.1.1

BASES

0

SURVEILLANCE
REQUIREMENTS

SR 3.6.1.1.1 (continued)

to meet these SRs must be evaluated against the Type A. B.
and C acceptance criteria of the Primary Containment Leakage
Rate Testing Program. As left leakage prior to each startup
after performing a required leakage test is required to be
< 0.6 L, for combined Type B and C leakage. and
< 0.75 L. for overall Type A leakage. At all other times
between required leakage rate tests, the acceptance criteria
is based on an overall Type A leakage limit of c 1.0 La. At
< 1.0 L, the offsite dose consequences are bounded by the
assumptions of ti safety analysis. The Freguency Is
required-b-y thePrimary Containment Leakage Rate Testing
Program. __ Rv

As noted in table B 3.6.1.3-1. an exemption to Appendix J is
provided that isolation barriers which remain water filled

. -or -a water seal remains in the line post-LOCA are tested
with water and the leakage is not included in the Type B and
C 0.60 L. total.

Maintaining the pressure suppression function of primary
containment requires limiting the leakage from the drywell
to the suppression chamber. Thus. if an event were to occur
that pressurized the drywell. the steam would be directed
through the downcomers into the suppression pool. This SR
measures drywell to suppression chamber leakage to ensure
that the leakage paths that would bypss the suppression
pool are within allowable limits, The allowable limit is
10X of the acceptable SSES A/.,/k design valve. For SSES.
the A/4k design value is .0535 ft 2.

Satisfactory performance of this SR can be achieved by
establishing a known differential pressure between the
drywell and the suppression chamber and determining the
leakage. The leakage test is performed when the 10 CFR 50,
Appendix J. Type A test is performed in accordance with the
Primary Containment Leakage Rate Testing Program. This
testing Frequency was developed considering this test is
performed in conjunction with the Integrated Leak rate test
and also in view of the fact that component failures that
might have affected this test are identified by other
primary containment SRs. Two consecutive test failures,

(continued)
0
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B 3.6.1.3
BASES (continued)

APPLICABLE The PCIVs LCO was derived from the assumptions related
SAFETY ANALYSES to minimizing the loss of reactor coolant inventory, and

establishing the primary containment boundary during major
accidents. As part of the primary containment boundary, PCIV
OPERABILITY supports leak tightness of primary containment.
Therefore, the safety analysis of any event requiring isolation of
primary containment is applicable to this LCO.

-~ iThe DBA s that rest rtin a release of radioactive material within
/ Tprimary containment are a LOCA andia main steam line break a

sn(MSLB). In the analysis for each of these accidents, it is assume
) that PCIVs are either closed or close within the required isolation

pr times following event initiation. This ensures that potential paths to
the environment through PCIVs (including primaty containment purgo
valves) are minimized. Of the eyente analyzed in ReofeRe-e -1, -h
pRo dut t the mst limeting vt dui to roadiological .oncoquencec

Olo r t oThe DBA a is au th atmain steam isolation valves (MSIVsmis a
/a, o sgleakageis variable from a radiological standpoint. The ximSmals a re l

hrequired to close within 3 to 5 seconds since the 5 second closure
ofime i assumed in the analysis. The safety analyses assumei of th e
purge valves were closed at event initiation. Ukewise, it is assumed
that the primary containment is Ispgated such that release of fission
products to the environment is controlled. e

The DBA analysis assumes that within the required isolation time
leakage is terminated, except for the maximum allowable leakage
rate, L.-

The single failure criterion required to be imposed in the conduct
of unit safety analyses was considered in the original design of the
primary cont purge valves. Two vales in series on each
purge line provide assurance that both the supply and exhaust
lines could be isolated even if a single failure occurred.

The primary containment purge valves may be unable to close in
the environment following a LOCA. Therefore, each of the purge
valves is required to remain closed during MODES 1, 2, and 3
except as permitted under Note 2 of SR 3.6.1.3.1. In this case,
the single failure criterion remains applicable to the primary
containment purge valve

- (continued)
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SURVEILLANCE SR 3.6.1.3.5 (continued)
REQUIREMENTS

funl closure isolation time is demonstrated by SR 3.6.1.3.7.
The isolation time test ensures that the valve will Isolate
in a time period less than or equal to that assumed in the Final Safety
Analyses Report. The Isolation time and Frequency of this SR are In
accordance with the requirements of the Inservice Testing Program.

SR 36.1.3.6

For primary containment purge valves with resilik seals, additional
leakage rate testing beyond the test requirements of 10 CFR 50,
Appendix J, Option B, (Ref. 3), is required to ensure OPERABILITY.
Operating experience has demonstrated that this type of seal has the'
potential to degrade in a shorter time period than do other seal types.
Based on this observation and the importance of maintaining this
penetration leak tight (due to the direct path between
primary containment and the environment), a Frequency of 184 days
was established. The acceptance criteria for these valves is .defined .in
'thePrimary Containment Leakage Rate Testing Program, 5.5.12.

The SR is modified by a Note stating that the primary containment
purge valves are only required to meet leakage rate testing
requiremeits in MODES 1, 2, and 3. If a LOCA Inside primary
containment occurs In these MODES, purge valve leakage must be
minimized to ensure offste radiological release is within limits. At
other times when the purge valves are required to be capable of
d cosing (e.g., during handling of Irradiated fuel), pressurization
concerns are not present-and the purge valves are not-required to
meet any specific leakage criteria

SR 3.6.1.3.7

Verifying that the Isolation time of each MSIV is wthin the specified limits
Is required to demonstrate OPERABILITY. The Isolation time test
ensures that the MSIV will isolate in a time period that does not exceed
the times assumed In the DBA analyses. This ensures that the calculated
radiological consequences of these events remain within 1C-GFR100 /

row £t/a4.7$ _~ limits. The Frequency of this SR is in accordance with the requirements
of the Inservice Testing Program.

*_ - . _ continued)
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B 3.6.4.1

BASES

SURVEILLANCE
REQUIREMENTS
(continued)

SR 3.6.4.1.4 and SR 3.6.4.1.5

The SGT System exhausts the secondary containment atmosphere to the
environment through appropriate treatment equipment. To ensure that all
fission products are treated, SR 3.6.4.1.4 verifies that the SGT System will
rapidly establish and maintain a pressure in the secondary containment
that is less than the pressure external to the secondary containment'
boundary. This is confirmed by demonstrating that one SGT subsystem
will draw down the secondary containment to 2 0;25 inches of vacuum
water gauge In less than or equal to the maximum time allowed. This
cannot be accomplished If the secondary containment boundary Is not
,intact SR 3.6.4.1.5 demonstrates that one SGT subsystem can maintain
2 0.25 inches of vacuum water gauge for at least 1 hour at less than or
equal to the maximum flow rate permitted for the secondary containment
configuration that Is operable. The 1 hour test period allows secondary
containment to be ion thermal equilibrium at steady state conditions. As
noted, both SR 3.6.4.1.4 and SR 3.6.4.1.5 acceptance limits are
dependent upon the secondary containment configuration when testing is
being performed. The acceptance criteria for the SRs based on
secondary containment configuration is defined as follows:0

SECONDARY MAXIMUM DRAWDOWN TIME(SEC) MAXIMUM FLOW RATE (CFM)
CONTAINMENT (SR 3.6.4.1.4 (SR 3.6.4.1.5

TEST CONFIGURATION ACCEPTANCE CRITERIA) ACCEPTANCE CRITERIA)

Zones 1, 11 and-ll. | 42&Seconds s4000 CFM
(Zones I, II, and II) A (From Zones I, II, and lII)

Zones I and III. s 14ISeconds 2885 CFM
(Zones I and l1l) (From Zones I and III)

(continued)

Il
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B 3.7.3

B 3.7 PLANT SYSTEMS

B 3.7.3 Control Room Emergency Outside Air Supply (CREOAS) System

BASES

BACKGROUND The CREOAS System provides a Drotectedradiologically controlled
environment from which operators can control the unit following an
uncontrolled release of radioactivity. hazardous chemicals, or smoke from
outside the control room envelooe.san be szafoly operated following a Docign
Basis Accident (DBA). This radiologically controlled protected environment
is termed thee habitability envelope and is comprised of Control Structure
floor elevations 697-o through 783'-0" including the stairwells as described
in FSAR Section 6.4 (Ref. 1).

The safety related function of CREOAS System includes two independent
and redundant high efficiency air filtration subsystems for emergency
treatment of outside supply air and a control room boundary which limits the
inleakape of unfiltered air. Each subsystem consists of an electric heater, a

. ... prefiltera-aupstream high-effi-iency particulate air (HEP-A) fern--------
activated charcoal adsorber section, a downstream HEPA filter, a CREOAS
fan, a control structure heating and ventilation fan, a control room floor
cooling fan, a computer room floor cooling fan, and the associated ductwork
and dampers. doors. barriers and instrumentation. Prefilters and HEPA
filters remove particulate matter, which may be radioactive. The charcoal
adsorbers provide a holdup period for gaseous iodine, allowing time for
decay. With the exception of the CREOAS fan, all other CREOAS
subsystem fans operate continuously to maintain the affected compartments
environment. These other ventilation fans operate independently of the
CREOAS fans and are required to operate to ensure a positive pressure in
the control structure is maintained utilizing filtered outside air supplied by the
CREOAS fans.

The habitability envelope is protected for normal oDeration. natural events.
and accident conditions. The habitability envelope is the combination of
walls. floor, roof, ducting, doors. penetrations and equipment that Dhvsicallv
form the habitability envelope. The integrity of the habitability envelope must
be maintained to limit the inleakage of unfiltered air into the habitability
envelope. The habitability envelope and habitability boundary are defined in
the Control Room Habitability Program.

Upon receipt of the initiation signal(s) (indicative of conditions that could
result in radiation exposure to occu antsplantoperaters in the habitability
envelope), the CREOAS System automatically switches to the
pressurization/filtration mode of operation to prevent infiltration of
contaminated air into the habitability envelope. A system of dampers aligns

{continued)
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the outside air intake to the CREOAS fan suction and filter train. Outside air
is taken in at the normal ventilation intake and passed through one of the
charcoal adsorber filter subsystems. The filtered air leaving the CREOAS
filtration train is routed to the inlet of the other ventilation fans for distribution.

One of the CREOAS System design requirements is to maintain the
control Feemhabitabilitv envelope environment for a 30 day continuous
occupancy after a DBA without exceeding 6 FeFA dose regulatory
limit wholo body dose or its oquivalcnt to any part of the boe. A single
CREOAS subsystem with an intact control structure habitability envelope
will pressurize the habitability envelope (which includes the control

(continued)
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BASES

BACKGROUND
(continued)

room) to greater than or equal to 0.125 inches water gauge to prevent
infiltration of air from surrounding buildings. CREOAS System operation in
maintaining the habitability envelope environment is discussed in the FSAR,
Chapters 6 and 9. (Refs. 1 and 2. respectively)

APPLICABLE
SAFETY
ANALYSES

The ability of the CREOAS System to maintain the habitability of the control
structure habitability envelope is an explicit assumption for the safety
analyses presented in the FSAR, Chapters 6 and 15 (Refs. 1 and 3,
respectively). The pressurization/ filtration mode of the CREWAS System is
assumed to operate following a loss of coolant accident- and fuel handling
accident, and control rod drop accident, as discussed in the FSAR,
Section 6.4.1 (Ref. 1). The radiological doses to o uantlaAtGpefatm in
the habitability envelope as a result of the various DBAs are summarized in
Reference 3. No single active failure will cause the loss of outside or
recirculated air.

The CREOAS System satisfies Criterion 3 of the NRC Policy Statement.
(Ref. 4) -

LCO Two redundant subsystems of the CREOAS System are required to be
OPERABLE to ensure that at least one is available, assuming a single failure
disable the other subsystem. Total system failure or loss of habitability
boundary integrity could result in exceeding a dose reaulatory limitsef-&Frem

do tola in the habitability
envelope in the event of a DBA.

I

The CREOAS System is considered OPERABLE when the individual
components necessary to iiiLtaeotFet operator exposure are OPERABLE-iA
both-subsystems. Both subsystems are considered OPERABLE when:

a. Both filter trains each consisting of a CREOAS fan heater, a HEPA filter,
and charcoal adsorber which is not excessively restricting flow is
OPERABLE; and

b. Both Control Structure Heating and Ventilation fans, Computer Room
Floor Cooling fans, and Control Room Floor Cooling fans are
OPERABLE; and

c. Ductwork, valves, and dampers are OPERABLE, and air circulation can
be maintained.

d. Neither Smoke Removal Fan (OVI 04AOB) is in operation.
(continued)
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LCO One subsystem is considered OPERABLE when:
(continued)

a. One filter train consisting of a CREOAS fan, heater, a HEPA filter, and
charcoal adsorber which is not excessively restricting flow is OPERABLE;
and

b. The A' Control Structure Heating and Ventilation fan (OV103A) and the
'A' Computer Room Floor Cooling fan (OVI 15A) and the 'A' Control
Room Floor Cooling fan (OVII17A) are OPERABLE

OR

The 'B' Control Structure Heating and Ventilaiton fan (OV103B) and the
'B' Computer Room Floor Cooling fan (OVI 15B) and the 'B' Control
Room Floor Cooling fan (OVI 17B) are OPERABLE

(These fans are not dedicated to either CREOAS subsystem. As a result
- ------- - when anore set of- fans Is not OPERABLE, one arbitrarily deterned

CREOAS subsystem is not OPERABLE): and

c. Ductwork, valves, and dampers are OPERABLE, and air circulation can
be maintained.

d. Neither Smoke Removal Fan (OVI 04AB) is in operation.

In addition, the habitability envelope must be maintained, including the
integrity of the walls, floors, Geiings, ductwork, and access doors to maintain
a positive prossura. Note the habitability envelope can not be maintained
with a smoke removal fan (OV104A or OV104B) in operation. In order for the
CREOAS subsystems to be considered OPERABLE. the intearity of the
habitability boundary must be maintained such that control room occupant
dose from a large radioactive release does not exceed regulatory limits and
the control room occupants are protected from hazardous chemicals and
smoke from outside the habitability boundary.

The LCO is modified by a Note allowing the control room habitability
envelope boundary to be opened intermittently under administrative controls.
This Note only applies to openings in the habitability envelope that can be
ratidlv restored to the design condition. such as doors, hatches, floor plugs,
and access panels. For entry and exit through doors the administrative
control of the opening is performed by the person(s) entering or exiting the
area. For other openings, these controls should be proceduralized and
consist of stationing a dedicated individual at the opening who is in
continuous communication with the control room operators. This individual

(continued)
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I
will have a method to rapidly close the opening and to restore the habitability
envelope to a condition equivalent to the design condition when a need for
control room habitability envelope isolation is indicated.

IAPPLICABILITY

APPLICABILITY
(continued)

In MODES 1, 2, and 3, the CREOAS System must be OPERABLE to ensure
that the habitability envelope will remain habitable control operator exposure
during and following a DBA, since the DBA could lead to a fission product
release.

In MODES 4 and 5, the probability and consequences of a DBA are reduced
because of the pressure and temperature limitations in these MODES.
Therefore, maintaining the CREOAS System OPERABLE is not required in
MODE 4 or 5, except for the following situations under which significant
radioactive releases can be postulated:

a. During operations with potential for draining the reactor vessel
(OPDRVs);

b. During CORE ALTERATIONS; and

c. During movement of irradiated fuel assemblies in the secondary
containment.

ACTIONS

I

A-1

With one CREOAS subsystem inoperable for reasons other than an
inoperable habitability boundary, the inoperable CREOAS subsystem must
be restored to OPERABLE status within 7 days. With the unit in this
condition, the remaining OPERABLE CREOAS subsystem is adequate to
perform the habitability envelopeitsradieae protection function. However,
the overall reliability is reduced because a single failure in the OPERABLE
subsystem could result in reduced CREOAS System capability. The 7 day
Completion Time is based on the low probability of a DBA occurring during
this time period, and that the remaining subsystem can provide the required
capabilities.

I B.1 and B.2

If the unfiltered inleakage of potentiallv contaminated air past the habitability
boundary and into the habitability envelope can result in occupants of the
habitability envelope receiving doses greater than regulatory limits or the
control room occupants are not protected from hazardous chemicals or

(continued)
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smoke from outside the habitability boundary, the habitability boundary is
inogerable. However. the control room habitability boundary may be
considered OPERABLE. but degraded or nonconforming, when unfiltered air
inleakage is greater than assumed in the licensing basis accident analyses if
compensatory measures can ensure that the habitability envelope remains
habitable for the occupants following an accident. Compensatory measures
are discussed in Regulatory Guide 1.196. Section 2.7.3. (Ref. 5) which
endorses. with exceptions. NEI 99-03. Section 8.4 and Ampendix F (Ref. 6).
Temoorary analytical methods may also be used as compensatory
measures (Ref. 7). The Control Room Habitability Program provides limits
on use of compensatory measures to maintain the control room habitability
boundary operable but degraded or nonconforming when the unfiltered air
inleakage is greater than that assumed in the licensing basis analyses.
When those limits are exceeded. Condition B must be entered. Actions
must be taken to restore an OPERABLE habitability boundary within 24
hours. During the period that the habitability boundary is inoperable.
mitigating actions must be implemented to lessen the effect to control room
occupants from the potential hazards of a radiological or chemical event or a
challenge from smoke exhaust to the habitability envelope. These mitigating
actions (i.e.. actions that are taken to offset the consequences of the
inoperable habitability boundary) should be oreplanned for implementation
upon entry into the condition. The 24 hour Completion Time is reasonable
based on the low probability of a DBA occurring during this time period, and
the use of mitigating actions. If the control room habitability envelope
boundwty is inoperble inMDES 4, 2, ad 3, the CREQAS train-eG nnet
perform their intended functions. Actions must be taken to restore an
OPERA.BLE control room habitability envelope boundary vithin 21 hewu.
During the perod that the control reem habitabilit;y nvelope bo9Unda r i
inoperable, appropriate cempensator'y measures (eonsistent vAth the intent
of GDC 10) should be utilized to protect control room operatore fromr
potential hazardse suh as radieoacrtive rrti. tor cr.hemiraIc, smok&,
temperature and relative humidity, aRd physical cecurity. Preplanned
moeasuer ehould be available to addroes thesce neerene for intertiOnal aRd
unintentional cntry into the Condition. The 21 hour Completion Tim9 is
reasonable based en the loaw probability of a DBA occurring dunng this time
perid, and the use of compensatery measurec. The 21 hour ti

- Time is a typiceally rcasenable time to diagnose, plan and possil rpi nW
-tst mest problcms wth the control room habitability envelope boundary.

ACTIONS C.1 and C.2
(continued)

In MODE 1, 2, or 3, if the inoperable CREOAS subsystem or control room
habitability envelope boundary cannot be restored to OPERABLE status
within the associated Completion Time, the unit must be placed in a MODE
that minimizes risk. To achieve this status, the unit must be placed in at

(continued)
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least MODE 3 within 12 hours and in MODE 4 within 36 hours. The allowed
Completion Times are reasonable, based on operating experience, to reach
the required unit conditions from full power conditions in an orderly manner
and without challenging unit systems.

D.1. D.2.1. D.2.2. and D.2.3

The Required Actions of Condition D are modified by a Note indicating that
LCO 3.0.3 does not apply. If moving irradiated fuel assemblies while in
MODE 1, 2, or 3, the fuel movement is independent of reactor operations.
Therefore, inability to suspend movement of irradiated fuel assemblies is not
sufficient reason to require either an entry into LCO 3.0.3 or a reactor
shutdown in accordance with LCO 3.0.3.

During movement of irradiated fuel assemblies in the secondary
containment, during CORE ALTERATIONS, or during OPDRVs, if the
inoperable CREOAS subsystem cannot be restored to OPERABLE status
within the required Comp!etion Time, the OPERABLE CREOAS subsystem
may be placed in the pressurization/filtration mode. This action ensures that
the remaining subsystem is OPERABLE, that no failures that would prevent
automatic actuation will occur, and that any active failure will be readily
detected.

An alternative to Required Action D.1 is to immediately suspend activities
that present a potential for releasing radioactivity that might require isolation
of the habitabili envel m roeem. This places the unit in a condition
that minimizes risk.

If applicable, CORE ALTERATIONS and movement of irradiated fuel
assemblies in the secondary containment must be suspended immediately.
Suspension of these activities shall not preclude completion of movement of
a component to a safe position. Also, if applicable, actions must be initiated
immediately to suspend OPDRVs to minimize the probability of a vessel
draindown and the subsequent potential for fission product release. Actions
must continue until the OPDRVs are suspended.

ACTIONS E.1
(continued)

If both CREOAS subsystems are inoperable in MODE 1, 2, or 3, for
reasons other than an inoperable control room habitability envelope
boundary (i. e., Condition B) the CREOAS System may not be capable of
performing the intended function and the unit is in a condition outside the

(continued)
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accident analyses. Therefore, LCO 3.0.3 must be entered immediately.

F.1. F.2, and F.3

The Required Actions of Condition F are modified by a Note indicating that
LCO 3.0.3 does not apply. If moving irradiated fuel assemblies while in
MODE 1, 2, or 3, the fuel movement is independent of reactor operations.
Therefore, inability to suspend movement of irradiated fuel assemblies is
not sufficient reason to require either an entry into LCO 3.0.3 or a reactor
shutdown in accordance with LCO 3.0.3.

I

During movement of irradiated fuel assemblies in the secondary
containment, during CORE ALTERATIONS, or during OPDRVs, with two
wCREOAS subsystems inoperable or if the habitability boundary cannot be
restored to OPERABLE status within the required Completion Time, action
must be taken immediately to suspend activities that present a potential for
releasing radioactivity that might require pressurization of the habitability
envelope. This places the unit in a condition that minimizes rsk..

If applicable, CORE ALTERATIONS and movement of irradiated fuel
assemblies in the secondary containment must be suspended immediately
Suspension of these activities shall not preclude completion of movement
of a component to a safe position. If applicable, actions must be initiated
immediately to suspend OPDRVs to minimize the probability of a vessel
draindown and subsequent potential for fission product release. Actions
must continue until the OPDRVs are suspended.

SURVEILLANCE
REQUIREMENTS

SURVEILLANCE
REQUIREMENTS

SR 3.7.3.1

This SR verifies that a CREOAS fan in a standby mode starts on
demand from the control room and continues to operate with flow
through the HEPA filters and charcoal adsorbers. Standby systems
should be checked periodically to ensure that they start and function
properly. As the environmental and normal operating conditions of this
system are not severe, testing each subsystem once every month
provides an adequate check on this system. Monthly heater operation
dries out any moisture that
SR 3.7.3.1 (continued)

has accumulated in the charcoal as a result of humidity in the ambient air.
Systems with heaters must be operated for 2 10 continuous hours with the
heaters energized. Furthermore, the 31 day Frequency is based on the
known reliability of the equipment and the availability of two redundant

(continued)
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subsystems.

SR 3.7.3.2

This SR verifies that the required CREOAS testing is performed in
accordance with the Ventilation Filter Testing Program (VFTP). The
VFTP includes testing HEPA filter performance, charcoal adsorber
efficiency, minimum system flow rate, and the physical properties of the
activated charcoal (general use and following specific operations).
Specific test frequencies and additional information are discussed in
detail in the VFTP.

SR 3.7.3.3

This SR verifies that on an actual or simulated initiation signal, each
CREOAS subsystem starts and operates. The LOGIC SYSTEM
FUNCTIONAL TEST in SR 3.3.7.1.5 overlaps this SR to provide complete
testing.of ..the safety function.. The 24 month Frequency is consistent with
industry practice and other filtration systems SRs.

SR 3.7.3.4

This SR verifies the inteartv of the habitability boundary by testing for
unfiltered air inleakage Dast the habitability boundary and into the habitability
envelope. The details of the testing are specified in the Control Room
Habitability Program.

Unfiltered air inleakage through the habitability boundary and into the
habitability envelope greater than the amount assumed in the licensing basis
accident analyses results in the control room habitability boundary being
inooerable when habitability is not maintained (i.e.. accident dose is greater
than regulatorv limits or the occupants are not protected from hazardous
chemical and smoke.) However, the control room habitability boundary mav
be considered OPERABLE. but degraded or nonconforming, when unfiltered
air inleakage is greater than assumed in the licensing basis accident
analyses if compensatory measures can ensure that the habitability
envelope remains habitable for the occupants following an accident.
Compensatory measures are discussed in Reaulatory Guide 1.196. 'Section
2.7.3. (Ref. 5) which endorses. with exceptions, NEI 99-03. Section 8.4 and
Appendix F (Ref. 6). Temporarv analytical methods may also be used as
compensatorv measures (Ref. 7). The Control Room Habitability Program
provides limits on use of compensatorv measures to maintain the control
room habitability boundary operable but degraded or nonconforming when
the unfiltered air inleakage is greater than that assumed in the licensing

(continued)

SUSQUEHANNA - UNIT 1 TS I B 3.7-19 Revision 2



PPL Rev. 0
CREOAS System

B 3.7.3

BASES

basis analyses. When those limits are exceeded. Condition B must be
entered. This Svcrific thc intogrity of tho habitability envelope and the

rn akalqlel Fatese poitentilly cmtaitRa~nted air- The habiotabilityv

onveolpo pocitivo prossuro, with rospect to potontially contaminvted adjeaont
areas (the turbine building), is poriodically tocted to vorify proper function of
the CGREOAS Systom and the integrity of the habitability envelopo. During
thc emergeRny mode of oprwation, the CREGAS SyCtcw ic. doar;no to
61ightly preccurizo the control ctructuro ' 0.145 inches wator gaugo positive
proscurc with rccpoct to the outsido atmosphero to prevent unfiltorod
inloaag. Tho - CeREAS System is designed to maintain this positive
proesurc at a floa ratc of 5 5810 cfm to the oontrol structurc in the
preSuriation9filtration modo. Tho control ctructurc habitability on'elopo ic
maintained when the control rtructurc habitability onvolope can bo
prmssioed to 0.125 incrhes %ater gage pesitiye prorure iAh rocprt to
outside atmoephero. Tho Frequency of 24 months on a STAGGERED
TEST BASIS is consistont with industry practico and other filtration cyctom6
SR..

(continued)
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REFERENCES 1. FSAR, Chapter 6.

2. FSAR, Chapter 9.

3. FSAR, Chapter 15.

4. Final Policy Statement on Technical Specifications Improvements,
July 22, 1993 (58 FR 39132).

5. Regulatory Guide 1.196. May. 2003.
6. NEI 99-03. 'Control Room Habitability Assessment." March 2003.
7. Letter from Eric J. Leeds (NRC) to James W. Davis (NEI) dated January
30. 2005. 'NEI Draft White Paper, use of Generic Letter 91-18 Process and
Alternative Source Terms in the Context of Control Room Habitabilit.""
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0 B 3.7 PLANT SYSTEMS

B 3.7.5 Main Condenser Offgas

BASES

BACKGROUND During unit operation, steam from the low pressure turbine
is exhausted directly into the condenser. Air and
noncondensible gases are collected in the condenser. then
exhausted through the steam jet air ejectors (SJAEs) to the
Main Condenser Offgas System. The offgas from the main
condenser normally includes radioactive gases.

The Main Condenser Offgas System has been Incorporated into
the unit design to reduce the gaseous radwaste emission.
This system uses a catalytic recombiner to recombine
radiolytically dissociated hydrogen and oxygen. The gaseous
mixture is cooled by the offgas condenser: the water and
condensibles are stripped out by the offgas condenser and
moisture separator. The radioactivity of the remaining
gaseous mixture (i.e.. the offgas recombiner effluent) is
monitored downstream of the moisture separator prior to
entering the holdup line.

0
APPLICABLE
SAFETY ANAL'

e main condenser offgas radioactivity rate is an
YSES initial condition of the Main Condenser Offgas System

failure event. discussed in the FSAR. Section 15.7.1
(Ref. 1). The analysis assumes a gross failure in the Main
Condenser Offgas System that results in the rupture of the
Main Condenser Offgas System pressure boundary. The
radioactivity rate of the specified noble gases (Xe-133. Xe-
135. Xe-138, Kr-85m, Kr-87, and Kr-88) is controlled to
ensure that. during the event, the calculated offsite doses
wi11 be well withi nSin f l imits e of 10 6 4 o Ref.^1) or the
NRC staff approvedi basis.

The main condenser offgas limits satisfy Criterion 2 of the
NRC Policy Statement. (Ref. 3)-

LCO To ensure compliance with the assumptions of the Main
Condenser Offgas System failure event (Ref.1). the fission
product release rate should be consistent with a speci fied
noble gas release to the reactor coolant of

(continued)0
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0 B 3.7 PLANT SYSTEMS

B 3.7.7 Spent Fuel Storage Pool Water Level

BASES

BACKGROUND The minimum water level in the spent fuel storage pool meets
the assumptions of iodine decontamination factors foll owing a
fuel handling accident.

A general description of the spent fuel storage pool design is
found in the FSAR, Section 9.1 (Ref. 1). The assumptions of
the fuel handling accident are found in the FSAR, Section
15.7.4 (Ref. 2).

APPLICABLE
SAFETY ANALYSES.. I.....-_ ,,,

re^Alti a t
s}ata+16y0

/V C Fq s0-6
(g00F. q)

The water level above the irradiated fuel assemblies is an
explicit assumption of the fuel handling accident. A fuel
-handling accident is evaluated to ensure-that the radilogical
consequences (calculated wh!oc bady and tHVutd doses at the
exclusion area and low population zone boundaries) are - .NE-ef-

fuel handling accident could release a fraction of the fission
product inventory by breaching the fuel rod cladding as
discussed In the Regulatory Gui %4'e (Ref. 5).

The fuel handling accident is evaluated for the dropping of an
irradiated fuel assembly onto the reactor core. With an
assumed minimum water level of 21 ft and a minimum decay time
of 24 hours prior to fuel handling, the analysis and test
programs demonstrate that the iodine release due to a
postulated fuel handling accident is adequately captured by the
water and that offsite doses are maintained within allowable
limits (Ref. 2) __...Teonsequences of a fuel handling accident

fuel storage pool are no more severe than those
the fue handling accident over the reactor core. as

discussed in the FSAR, Section 15.7.4 (Ref. 2). The water
level in the spent fuel storage pool provides for absorption of
water soluble fission product gases and transport delays of
soluble and insoluble gases that must pass through the water
before being released to the secondary containment atmosphere.
This absorption and transport delay reduces the potential
radioactivity of the release during a fuel handling accident.

roe"t

The spent fuel storage pool water level satisfies Criteria 2
and 3 of the NRC Policy Statement (Ref. 6).

-

_ _

(conti nued)
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0 BASES (continued)

REFERENCES 1.

2.

3.

4.

5.

6.

I

FSAR. Section 9.1.

FSAR. Section 15.7.4.

NUREC OC&5, Section 15.7.4. rev~ision 1. JulJ 1981.- P'dtzr6D

10 CFR +tee SO. 7/

Regulatory Gui de- -t fi eo eMai.

Final Policy Statement on Technical Specifications
Improvements. July 22. 1993 (58 FR 39132).

.
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B 3.9.6

B 3.9

B 3.9.6

REFUELING OPERATIONS

Reactor Pressure Vessel (RPV) Water Level

BASES

BACKGROUND The movement of fuel assemblies or handling of control rods within the
RPV requires a minimum water level of 22 ft above the top of the RPV
flange. During refueling, this maintains a sufficient water level in the
reactor vessel cavity and spent fuel pool. Sufficient water is necessary to
retain iodine fission product activity in the water in the event of a fuel
handling accident (Refs. 1 and 2). Sufficient iodine activity would be
retained to limit offsite doses from the accident to S 25% of
10 CFR 40050.67 limits, as provided by the guidance of Reference a1.

APPLICABLE
SAFETY ANALYSES

During movement of fuel assemblies or handling of control rods, the
water level in the RPV is an initial condition design parameter in the
analysis of a fuel handling accident in containment postulated by
Regulatory Guide 1.25183 (Ref. 1). A decontamination factor of 10038
(Regulatory Position C.1 .g of Ref. 1) is used in the accident analysis for
iodine. This relates to the assumption that 99.3% of the total iodine
released from the pellet to cladding gap of all the dropped fuel assembly
rods is retained by the water. The fuel pellet to cladding gap is assumed
to contain 408% of the total fuel rod iedine 1-131 inventory and 5% of the
total fuel rod 1-132, 1-133, 1-134, and 1-135 inventory (Ref. 1).

Analysis of the fuel handling accident inside containment is described in
Reference 2. With an assumed minimum water level of 21 ft and a
minimum decay time of 24 hours prior to fuel handling, the analysis and
test programs demonstrate that the iodine release due to a postulated
fuel handling accident is adequately captured by the water and that
offsite and control room doses are maintained within allowable limits
(Ref. 2).

While the worst case assumptions include the dropping of the irradiated
fuel assembly being handled onto the reactor core, the possibility exists
of the dropped assembly striking the RPV flange and releasing fission
products. Therefore, the minimum depth for water coverage to ensure

(continued)

SUSQUEHANNA - UNIT 1 B 3.9-19 Revision 0



PPL Rev. 0
RPV Water Level

B 3.9.6

BASES

APPLICABLE acceptable radiological consequences is specified from the RPV flange.
SAFETY ANALYSES Since the worst case event results in failed fuel assemblies seated in the

(continued) core, as well as the dropped assembly, dropping an assembly on the RPV
flange will result in reduced releases of fission gases.

RPV water level satisfies Criterion 2 of the NRC Policy Statement (Ref. 5).

LCO A minimum water level of 22 ft above the top of the RPV flange is
required to ensure that the radiological consequences of a postulated fuel
handling accident are within acceptable limits, as provided by the
guidance of Reference&)

APPLICABILITY LCO 3.9.6 is applicable when moving fuel assemblies -or -handling control
rods (i.e., movement with other than the normal control rod drive) within
the RPV. The LCO minimizes the possibility of a fuel handling accident in
containment that is beyond the assumptions of the safety analysis.
Requirements for fuel handling accidents in the spent fuel storage pool
are covered by LCO 3.7.7, "Spent Fuel Storage Pool Water Level."

ACTIONS A.1

If the water level is < 22 ft above the top of the RPV flange, all operations
involving movement of fuel assemblies and handling control rods within
the RPV shall be suspended immediately to ensure that a fuel handling
accident cannot occur. The suspension of fuel movement and handling
control rods shall not preclude completion of movement of a component
to a safe position.

SURVEILLANCE
REQUIREMENTS SR 3.9.6.

Verification of a minimum water level of 22 ft above the top of the
RPV flange ensures that the design basis for the

(continued)
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SURVEILLANCE
REQUIREMENTS

(continued)
SR 3.9.6.1

postulated fuel handling accident analysis during refueling operations is met.
Water at the required level limits the consequences of damaged fuel rods,

which are postulated to result from a fuel handling accident in containment
(Ref. 2).

The Frequency of 24 hours is based on engineering judgment and is
considered adequate in view of the large volume of water and the normal
procedural controls on valve positions, which make significant unplanned
level changes unlikely.

--01. Regulatory Gulide6--u1 .rREFERENCES

2. FSAR, Section 15.7.4.

4. 10CFR1199.11.

5. Final Policy Statement on Technical Specifications
July 22, 1993 (58 FR 39132).

Improvements,
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BASES

APPLICABLE 2.1.1.3 Reactor Vessel Water Level (continued)
SAFETY
ANALYSES The reactor vessel water level SL has been established at the top of the

active irradiated fuel to provide a point that can be monitored and to also
provide adequate margin for effective action.

SAFETY LIMITS The reactor core SLs are established to protect the integrity of the fuel clad
barrier to the release of radioactive materials to the environs. SL 2.1.1.1
and SL 2.1.1.2 ensure that the core operates within the fuel design criteria.
SL 2.1.1.3 ensures that the reactor vessel water level is greater than the

top of the active irradiated fuel in order to prevent elevated clad
temperatures and resultant dad perforations.

APPLICABILITY SLs 2.1.1.1, 2.1.1.2, and 2.1.1.3 are applicable in all MODES.

SAFETY LIM
VIOLATIONS

IT {Exceeding an SL may cause fuel mage and create a potential for
mradoactve releases In excess of a 1 j.iaainJIf tes

/ I . Therefore, It is required to insert all insertable control rods and
restore compliance with the SLs within 2 hours. The 2 hour Completion
Time ensures that the operators take prompt remedial action and also /
ensures that the probability of an accident occurring during this period is
minimal.

REFERENCES 1. 10 CFR 50, Appendix A, GDC 10.

2. ANFB 524 (P)(A), Revision 2, "Critical Power Methodology for
Boiling Water Reactors," Supplement I Revision 2 and Supplement
2, November 199

3. -40 GRl~ 100. >easers J

4. EMF-1997(P)(A), Revision 0, "ANFB-10 Critical Power Correlation,"
July 1998 and EMF-1997(P)(A) Supplement I RevisionO,"ANFB-10
Critical Power Correlation: High Local Peaking Results,' July 1998.

5. EMF-2158(P)(A), Rev. 0, "Siemens Power Corporation Methodology
for Boiling Water Reactors: Evaluation and Validation of
CASMO-4 / MICROBURN-B2," October 1999.
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B 2.1.2
B 2.0 SAFETY LIMITS (SLs)

B 2.1.2 Reactor Coolant System (RCS) Pressure SL

BASES

BACKGROUND The SL on reactor steam dome pressure protects the RCS against
overpressurization. In the event of fuel cladding failure, fission products
are released into the reactor coolant. The RCS then serves as the
primary barrier in preventing the release of fission products into the
atmosphere. Establishing an upper limit on reactor steam dome
pressure ensures continued RCS integrity. According to 10 CFR 50,
Appendix A, GDC 14, "Reactor Coolant Pressure Boundary," and
GDC 15, "Reactor Coolant System Design" (Ref. 1), the reactor coolant
pressure boundary (RCPB) shall be designed with sufficient margin to
ensure that the design conditions are not exceeded during normal
operation and anticipated operational occurrences (AOOs).

During normal operation and A0Os, RCS pressure is limited from
exceeding the design pressure by more than 10%, in a'ccordance'''with
Section III of the ASME Code (Ref. 2). To ensure system integrity, all
RCS components are hydrostatically tested at 125% of design pressure,
in accordance with ASME Code requirements, prior to Initial operation
when there is no fuel In the core. Any further hydrostatic testing with fuel
In the core may be done under LCO 3.10.1, "Inservice Leak and
Hydrostatic Testing Operation." Following inception of unit operation,
RCS components shall be pressure tested in accordance wnth the
requirements of ASME pode, Section Xe (Ref. 3c i
a .. -/osphe
serpressurization of the RCS could res rech of the RCPb
reduding the number of protective bardie designed to prevent
radioactive releases from exceeding thed.imits 6fagified n 10 r lo

cot If this occurred in conjunntion with a fuel
cladin falue, issonproducts could enter the containment

APPLICABLE The RCS safety/relief valves and the Reactor Protection System Reactor
SAFETY ANALYSES High Flux and Vessel Steam Dome Pressure-High Function have

settings established to ensure that the RCS pressure SL will not Qbe-
exceeded.

{continued)
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APPLICABLE
SAFETY ANALYSES

(continued)

The RCS pressure SL has been selected such that It is at a pressure
below which it can be shown that the integrity of the system is not
endangered. The reactor pressure vessel is designed to Section ill of the
ASME, Boiler and Pressure Vessel Code, 1968 Edition, including
Addenda through the summer of 1970 (Ref. 5), which permits a maximum
pressure transient of 110%, 1375 psig, of design pressure 1250 psig. The
SL of 1325 psig, as measured in the reactor steam dome, Is equivalent to
1375 psig at the lowest elevation of the RCS. The RCS inside
containment is designed to the ASME Boiler and Pressure Vessel Code,
Section 1II, 1971 Edition with Addenda through summer of 1972 (Ref. 6),
for the reactor recirculation piping, which permits a maximum pressure
transient of 110% of design pressures of 1250 psig for suction piping and
1500 psig for discharge piping. The RCS pressure SL Is selected to be
the lowest transient overpressure allowed by the applicable codes.

SAFETY LIMITS The maximum transient pressure allowable in the RCS pressure vessel
under the ASME Code, Section 1II, is 110% of design pressure. The
mnaximum transient pressure allowable in the RCS piping, vaves, and
fittings is 110% of design pressures of 1250 psig for suction piping and
1500 psig for discharge piping. The most limiting of these allowances is
the 110% of the suction piping design pressures; therefore, the SL on
maximum allowable RCS pressure is established at 1325 psig as
measured at the reactor steam dome.

APPLICABILITY SL 2.1.2 applies in all MODES.

/-A ETY LIMIT Exceeding the RCS pressure SL may cause immediate RCS failur an
/ VIOLATIONS - create a'potential for radioactive releases in excess of40 C 10,

"Raca 5t Cof Re em B limnits41e.4. Therefore, it is required to insert all
Jinsertable control rods and restore. compliance with the SL wfihin 2 hours

The 2 hour Completion Time ensures that the operators take prompt
< ~~~remedial action and also assures that the probability of anaciet

ocurngd_ n ti ero smiia.

(continued)
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BASES (continued)

REFERENCES 1. 10 CFR 50, Appendix A, GDC 14, GDC 15, and GDC 28.

2. ASME, Boiler and Pressure Vessel Code, Section III, Article
NB-7000.

3. ASME, Boiler and Pressure Vessel Code, Section XIArtcle
IW-5000.

5. ASME, Boiler and Pressure Vessel Code, Section 111,1968 Edition,
Addenda summer of 1970.

6. ASME, Boiler and Pressure Vessel Code, Section 111,1971 Edition,
Addenda summer of 1972.
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B 3.1

B 3.1.7

REACTIVITY CONTROL SYSTEMS

Standby Liquid Control (SLC) System

BASES

BACKGROUND The SLC System is designed to provide the capability of bringing the reactor,
at any time in a fuel cycle, from full power and minimum control rod inventory
to a subcritical condition with the reactor in the most reactive, xenon free
state without taking credit for control rod movement. Insert 1 The SLC
system satisfies the requirements of 10 CFR 50.62 (Ref. 1) for anticipated
transient without scram.

The SLC System consists of a sodium pentaborate solution storage tank,
two positive displacement pumps, two explosive valves that are provided in
parallel for redundancy, and associated piping and valves used to transfer
borated water from the storage tank to the reactor pressure vessel (RPV)... . . .. . T - . . . ._ .,.................... ........ ---- ..... ......- -.. .
The borated solution is discharged near the bottom of the core shroud,

where it then mixes with the cooling water rising through the core. A smaller
tank containing demineralized water is provided for testing purposes.

APPLICABLE
SAFETY
ANALYSES

The SIC System is manually initiated from the main control room, as
directed by the emergency operating procedures, if the operator believes
the reactor cannot be shut down, or kept shut down, with the control rods
or if fuel damage occurs post-LOCA. The SLC System is used in the
event that enough control rods cannot be inserted to accomplish
shutdown and cooldown in the normal manner or if fuel damage occurs
post-LOCA. The SLC System injects borated water into the reactor core
to add negative reactivity to compensate for all of the various reactivity
effects that could occur during plant operations. To meet this objective, it
is necessary to inject a quantity of boron, which produces a concentration
of 660 ppm of natural boron, in the reactor coolant at 680F. To allow for
potential leakage and imperfect mixing in the reactor system, an amount
of boron equal to 25% of the amount cited above is added (Ref. 2). The
volume versus concentration limits in Figure 3.1.7-1 and the temperature
versus concentration limits in Figure 3.1.7-2 are calculated such that the
required concentration is achieved accounting for dilution in the RPV with
normal water level and including the water volume in

(continued)
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APPLICABLE the residual heat removal shutdown cooling piping and in the recirculation
SAFETY loop piping. This quantity of borated solution is the amount that is above the
ANALYSES pump suction shutoff level in the boron solution storage tank. No credit is

(continued) taken for the portion of the tank volume that cannot be injected. The
minimum concentration of 13.6 weight percent ensures compliance with the
requirements of 10 CFR 50.62 (Ref. 1).

The SLC System satisfies the requirements of the NRC Policy Statement
(Ref. 3) because operating experience and probabilistic risk assessments
have shown the SLC System to be important to public health and safety.
Thus, it is retained in the Technical Specifications.

LCO The OPERABILITY of the SLC System provides backup capability for
reactivity control independent of normal reactivity control provisions provided
by the control r The OPERABILITY of the SLC System is based on the
conditions of the borated solution in the storage tank and the availability of a
flow path to the RPV, including the OPERABILITY of the pumps and valves.
Two SLC subsystems are required to be OPERABLE; each contains an
OPERABLE pump, an explosive valve, and associated piping, valves, and
instruments and controls to ensure an OPERABLE flow path.

APPLICABILITY In MODES 1 and 2, shutdown capability is required. In MODES 3 and 4,
control rods are not able to be withdrawn (except as permitted by LCO
3.10.3 and LCO 3.10.4) since the reactor mode switch is in shutdown and a
control rod block is applied. This provides adequate controls to ensure that
the reactor remains subcritical. In MODE 5, only a single control rod can be
withdrawn from a core cell containing fuel assemblies. Demonstration of
adequate SDM (LCO 3.1.1, "SHUTDOWN MARGIN (SDM)O) ensures that
the reactor will not become critical. Therefore, the SLC System is not
required to be OPERABLE when only a single control rod can be withdrawn.

(continued)
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z uPP.MM10r Poo

ACTIONS A.1 H cao p00%

If the boron solution concentration is less than the required limits for
compliance with 10 CFR 50.62 (Ref. 1) (2>13.6 weight percent) but grea
than the concentration required for cold shutdown (original licensi asis)
the concentration must be restored to within limits > 13.6 weight perceni
72 hours. It is not necessary under these conditions to enter Condition C for
both SLC subsystems i le since they are capable of performing their
original design basisuciori.ecause of the low probability of an event
and the fact that the SLC System capability still exists for vessel injection
under these conditions, the allowed Completion Time of 72 hours is
acceptable and provides adequate time to restore concentration to within
limits.

The second Completion Time for Required Action A.1 establishes a limit on
the maximum time allowed for any combination of concentration out of limits
or inoperable SLC subsystems during any single continuous occurrence of
failing to meet the LCO. If Condition A is entered while, for Instance, an SLC
subsystem is inoperable and that subsystem is subsequently returned to
OPERABLE, the LCO may already have been not met for up to 7 days. This
situation could lead to a total duration of 10 days (7 days in Condition B,
followed by 3 days in Condition A), since initial failure of the LCO, to restore
the SLC System. Then an SLC subsystem could be found inoperable again,
and concentration could be restored to within limits. This could continue
indefinitely.

This Completion Time allows for an exception to the normal "time zero" for
beginning the allowed outage time "clock," resulting in establishing the "time
zero" at the time the LCO was initially not met instead of at the time
Condition A was entered. The 10 day Completion Time is an acceptable
limitation on this potential to fail to meet the LCO indefinitely.

B.1

If one SLC subsystem is inoperable for reasons other than Condition
A, the Inoperable subsystem must be restored to OPERABLE status
within 7 days. In this condition, the remaining OPERABLE subsystem
is adequate to perform the

(continued)

SUSQUEHANNA - UNIT 2 TS / B 3.1-41 Revision 0



PPL Rev. 0
SLC System

B 3.1.7

BASES ~

ACTIONS B.i (continued ci rod-od.Uaeb;;r

shutdown owever, th overall reliability sreduced because asingle
failure in the remaIning OPERABLE subsystem could result in reduced SLC
System shutdown capability. The 7 day Completion Time Is based on the
availability of OfP 2 LE subsystem capable of performing thet
SLC Systerrfntofn Prbbility of an eveno g r

Uudi RnlhlodwDroghuaa heplnt

Thes mpetion Time for Required Action B.1 establishes a limit on the
maximum time allowed for any combination of concentration out of limits or
inoperable SLC subsystems during any single continuous occurrence of failing
to meet the LCO. If Condition B is entered while, for instance, concentration is
out of limits, and is subsequently returned to within limits, the LCO may already
have been not met for up to 3 days. This situation could lead to a total
duration of 10 days (3 days in Condition A, followed by 7 days in Condition B),
since initial failure of the LCO, to restore the SLC System. Then concentration
could be found out of limits again, and the SLC subsystem could be restored to
OPERABLE. This could continue indefinitely.

This Completion Time allows for an exception to the normal "time zero" for
beginning the allowed outage time "clock," resulting in establishing the "time
zero" at the time the LCO was initially not met instead of at the time
Condition B was entered. The 10 day Completion Time Is an acceptable
limitation on this potential to fail to meet the LCO indefinitely.

CA1

If both SLC subsystems are inoperable for reasons other than Condition A, at
least one subsystem must be restored to OPERABLE status within 8 hours.
The allowed Completion lime of 8 hors Is i th
low ocontie)

(continued)
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SLC System

B 3.1.7

SURVEILLANCE SR 3.1.7.1. SR 3.1.7.2. and SR 3.1.7.3
REQUIREMENTS

SR 3.1.7.1 through SR 3.1.7.3 are 24 hour Surveillances verifying certain
characteristics of the SLC System (e.g., the volume and temperature of the
borated solution''in 'the'storage' tank), thereby ensuring SLC System
OPERABILITY without disturbing normal plant operation. These Surveillances
ensure that the proper borated solution volume and temperature, including the
temperature of the pump suction piping, are maintained. Maintaining a
minimum specified borated solution temperature is important in ensuring that
the sodium pentaborate remains in solution and does not precipitate out in the
storage tank or in the pump suction piping. The temperature versus
concentration curve of Figure 3.1.7-2 ensures that a 1OOF margin will be
maintained above the saturation temperature. An alternate method of
performing SR 3.1.7.3 is to verify the OPERABILITY of the SLC heat trace
system. This verifies the continuity of the heat trace lines and ensures proper
heat trace operation, which ensure that the SLC suction piping temperature is
maintained. The 24 hour Frequency is based on operating experience and has
shown there are relatively slow variations in the measured parameters of
volume and temperature.

SR 3.1.7A and SR 3.1.7.6

SR 3.1.7.4 verifies the continuity of the explosive charges in the Injection
valves to ensure that proper operation will occur if required. Other
administrative controls, such as those that limit the shelf life of the explosive
charges, must be followed' The 31 day Frequency is based on

(continued)
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SLC System

B 3.1.7

BASES

SURVEILLANCE SR 3.1.7.7
REQUIREMENTS
(continued) Demonstrating that each SLC System pump develops a flow rate 2 41.2 gpm

at a discharge pressure 2 1224 psig ensures that pump performance has not
degraded during the fuel cycle. This minimum pump flow rate requirement
ensures that, when combined with the sodium pentaborate solution
concentration requirements, the rate of negative reactivity insertion from the
SLC System will adequately compensate for the positive reactivity effects
encountered during power reduction, cooldown of the moderator, and xenon

i Ihis test confirms one point on the pump design curve and is Indicative
Inserall rformance. Such inservice inspections confirm component

LITY, trend performnance, and detect incipient failures by Indicating
abnormal performance. The Frequency of this Surveillance Is in accordance
with the Inservice Testing Program.

SR 3.1.7.8 and SR 3.1.7.9

These Surveillances ensure that there Is a functioning flow path from the boron
solution storage tank to the RPV, Including the firing of an explosive valve.
The replacement charge for the explosive valve shall be from the same
manufactured batch as the one fired or from another batch that has been
certified by having one of that batch successfully fired. The pump and
explosive valve tested should be alternated such that both complete flow paths
are tested every 48 months at alternating 24 month Intervals. The Surveillance
may be performed in separate steps to prevent Injecting solution Into the RPV.
An acceptable method for verifying flow from the pump to the RPV Is to pump
dernineralized water from a test tank through one SLC subsystem and Into the
RPV. The 24 month Frequency is based on the need to perform this
Surveillance under the conditions that apply during a plant outage and the
potential for an unplanned transient If the Surveillance were performed with the
reactor at power. Operating experience has shown these components usually
pass the Surveillance when performed at the 24 month Frequency; therefore,
the Frequency was concluded to be acceptable from a reliability standpoint.

Demonstrating that all heat traced piping between the boron solution
storage tank and the suction Inlet to the injection

(continued)
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Insert 1: Additionally, the SLC System is designed to provide sufficient buffering agent
to maintain the suppression pool pH at or above 7.0 following a DBA LOCA involving
fuel damage. Maintaining the suppression pool pH at or above 7.0 will mitigate the re-
evolution of iodine from the suppression pool water following a DBA LOCA.

Insert 2: The SLC system is also used to control Suppression Pool pH in the event of a
DBA LOCA by injecting sodium pentaborate into the reactor vessel. The sodium
pentaborate is then transported to the suppression pool and mixed by ECCS flow
recirculation through the reactor, out of the break and into the suppression chamber. The
amount of sodium pentaborate solution that must be available for injection following a
DBA LOCA is determined as part of the DBA LOCA radiological analysis. This
quantity is maintained in the storage tank as specified in the Technical Specification.

Insert 3: and provides sufficient buffering agent to maintain the suppression pool pH at
or above 7.0 following a DBA LOCA involving fuel damage.

Insert 4: A DBA LOCA that results in the release of radioactive material is possible in
MODES 1, 2 and 3 therefore capability to buffer the suppression pool pH is required. In
MODES 4 and 5 a DBA LOCA with a radioactive release need not be postulated.

Insert 5: Additionally, the minimum pump flow rate requirement ensures that adequate
buffering agent will reach the suppression pool to maintain pH above 7.0.



SDV Vent and Drain Valves
B 3.1.8

B 3.1 REACTIVITY CONTROL SYSTEMS

B 3.1.8 Scram Discharge Volume (SDV) Vent and Drain Valves

BASES

BACKGROUND The SDV vent and drain valves are normally open and'
discharge any accumulated water in the SDV to ensure that
sufficient volume is available at all times to allow a
complete scram. During a scram. the SDV vent and drain
valves close to contain reactor water. The SDV is a volume
of header piping that connects to each hydraulic control
unit (HCU) and drains into an instrument volume. There are
two SDVs (headers) and two instrument volumes. each
recei vi ng approximatl oehalf of the control rod drive
(CRD) di scharges. Tetoinstrument, volumes are connected
to a common drain line with two valves in series. Each
header is connected to a common vent line with two valves in
series. The header piping is sized to receive and contain.
.all the water-d-ischarged by 'the' CRDs'du'ri'ng a scram.. The
design and functions of the SDV are described in
Reference 1.

APPLICABLE The Design Basis Accident and transient analyses assume all
SAFETY ANALYSES of the control rods are capable of scramming. The

acceptante criteria for the SDV vent and drain valves are
that they operate automatically to:

a. ~Close during scram to limit the amount of reactor
coolant discharged so that adequate core coolin i
maintained and offsite doses remain within4ne im'its

~ 166F (33Rer 2 and re .sM.,+c
and c0o,1o t~oein
b. -,Open on scram reset to maintain the SDV vent and drain

path open so that there is sufficient volume to accept
the reactor coolant discharged during a -;cram.,~,ro

Isolation of the SDV can also be accq ished by manual
closure of the SDV valves. Additionly the discharge of
reactor cool ant to the SDV can be t ri nated by scram reset
or closure of the HCU manual isolaio valves. Fora
bounding leakage case, the offsit ~oes are well within 4ke"

(e~e364*e-o -w'limlits of O-1B ftf- and adequate core cooling is
maintained (Ref. 3). The SDV vent-and drain valves allow,

cninuous drainage of the SDV during normal plant operation

(otnued)0
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SDV Vent and Drain Valves
B 3.1.8

BASES

SURVEILLANCE
REQUIREMENTS

SR 3.1.8.3 (continued)

30 seconds after receipt of a scram signal is based on the
bounding'leakage case evaluated in the accident analysis
based on the requirements of Reference 2. Similarly, after
receipt of a simulated or actual scram reset signal, the
opening of the SDV vent and drain valves is verified. The
LOGIC SYSTEM FUNCTIONAL TEST in LCO 3.3.1.1 and the scram
time testing of control rods in LCO 3.1.3 overlap this
Surveillance to provide complete testing of the assumed
safety function. The 24 month Frequency is based on the
need to perform portions of this Surveillance under the
conditions that apply during a plant outage and the
poteptial for an unplanned transient if the Surveillance
were performed with the reactor at power. Operating
experience has shown these components usually pass the
Surveillance when performed at the 24 month Frequency:
therefore, the Frequency was concluded to be acceptable from
a reliability standpoint.'

REFERENCES 1. FSAR. Section 4.6.

2.( -effttr. r'esecrez )
3. NUREG-0803, "Generic Safety Evaluation Report

Regarding Integrity of BWR Scram System Piping,"
August 1981.

4. Final Policy Statement
Improvements, July 22,

on Technical Specifications
1993 (58 FR 39132).
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LHGR
B 3.2.3

B 3.2 POWER DISTRIBUTION UMITS

B 32.3 UNEAR HEAT GENERATION RATE (LHGR)

BASES

BACKGROUND The LHGR is a measure of the heat generation rate of a fuel rod in a fuel
assembly at any axial location. Umits on LHGR are specified to ensure
that fuel design limits are not exceeded anywhere in the core during
normal operation. Exceeding the LHGR. limit could potentially result in '
fuel damage and subsequent release of radioactive materials. Fuel
design limits are specified to ensure that fuel system damage, fuel rod
failure, or inability to cool the fuel does not occur during the normal
operations identified in Reference 1.

APPUCABLE
SAFETY ANALYSE

(The analytical methods and assumptions used in evaluating the fuel
ES system design are presented in References 1, 2, 3, and 4. The fuel

assembty is designedlto ensure.(in oonjunction with.the core nuclear and
thermal hydraulic design, plant equipment, instrumentation, and
protection system) that fuel damage will not result in the release of
radioactive materials in excess of .hc e f4 10 c, rQitL £0, f a,

-and iee. The mechanisms that uld cause fuel damage during
operational tansients and that e considered in fuel evaluations are:

a. Ruptute of the fuel rod cladding caused by strain from the relative
expansion of the U02 pellet; and

b. Severe overheating of the fuel rod cladding caused by inadequate
cooling.

A value of 1% plastic strain of the fuel cladding has been defined as the
limit below which fuel damage caused by overstralning of the fuel
cladding is not expected to occur (Ref. 3).

Fuel design evaluations have been performed and demonstrate that the
1% fuel cladding plastic strain design limit is not exceeded during
continuous operation with LHGRs up to the operating limit specified in the
COLR. A separate evaluation was performed to determine the limits of
LHGR during anticipated operational occurrences; This limit, Protection
Against Power Transients (PAPT), defined in reference 4, provides the
acceptance criteria for LHGRs calculated in evaluation of the AOOs. I

(continued)
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Primary Containment Isolation Instrumentation

B 3.3.6.1

BASES

APPLICABLE The specific Applicable Safety Analyses, LCO, and Applicability
SAFETY discussions are listed below on a Function by Function basis.
ANALYSES,
LCO, and The penetrations which are isolated by the below listed functions can
APPUCABILITY be determined by referring to the PCIV Table found in the Bases of

(continued) LCO 3.6.1.3, "Primary Containment Isolation Valves."

Main Steam Une Isolation

I.e. Reactor Vessel Water Level-Low Low Low. Level I

Low reactor pressure vessel (RPV) water level indicates that the
capability to cool the fuel may be threatened. Should RPV water level
decrease too far, fuel damage could result Therefore, isolation of the
MSIVs and other interfaces with the reactor vessel occurs to prevent
offsite dose limits from being exceeded. The Reactor Vessel Water
Level-Low Low Low, Level I Function is one of the many Functions
assumed to be OPERABLE and capable of providing isolaon signals.
The Reactor Vessel Water Level-Low Low Low, Level I Function
associated with isolation is assumed in the analysis of the recirculation
line break (Ref. 1). The isolation of the MSLs on Level I supports
actions to ensure that offsite dose limits are not exceeded for a DBA.

Reactor vessel water level signals are initiated from four level
instruments that sense the difference between the pressure due to a
constant column of water (reference leg) and the pressure due to the
actual water level (variable leg) in the vessel. Four channels of
Reactor Vessel Water Level-Low Low Low, Level 1 Function are
available and are required to be OPERABLE to ensure that no single
instrument failure can preclude the isolation function.

The Reactor Vessel Water Level-Low Low Low, Level 1 Allowable
Value is chosen to be the same as the ECCS Level I Allowable Value
(LCO 3.3.5.1) to ensure that the MSLs isolate on a potential loss of
coolant accident (LOCA) to prevent offsite doses from exceeding
e-erfao limits. h

g f e- itd c-0 r (onnued

(cotined
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Primary Containment Isolation Instrumentation

B 3.3.6.1

BASES

APPLICABLE
SAFETY
ANALYSES, LCO
and
APPLICABILITY

/ .c. Main Steam Line Flow-Hinh (continued)
I osd Cow.' fr rooDm -.

claddir temperature remains below the limits of 10 CFR 50.46 and
offskelioses do not exceed tl 10 AFR 1es limits.

The MSL flow signals are initiated from 16 instruments that are
connected to the four MSLs. The instruments are arranged such that,
even though physically separated from each other, all four connected
to one MSL would be able to detect the high flow. Four channels of
Main Steam Une Flow-High Function for each unisolated MSL (two
channels per trip system) are available and are required to be

es ano single instrument failure will preclude dete
braki ay nivdulMSL.

1.d. Condenser Vacumo

The Allowable Value is chosen to ensure that 6ffsite dose limits are not
exceeded due to the break.

The Condenser Vacuum-Low Function is. provided to prevent
overpressurization of the main condenser in the event of a loss of the
main condenser vacuum. Since the integrity of the condenser is an
assumption In offsite dose calculations, the Condenser Vacuum-Low
Function is assumed to be OPERABLE and capable of initiating
closure of the MSIVs. The closure of the MSIVs is Initiated to prevent
the addition of steam that would lead to additional condenser
pressurization and possible rupture of the diaphragm installed to
protect the turbine exhaust hood, thereby preventing a potential
radiation leakage path following an accident

Condenser vacuum pressure signals are derived from.four pressure
instruments that sense the pressure in the condenser. Four channels
of Condenser Vacuum-Low Function are available and are required
to be OPERABLE to ensure that no single instrument failure can
preclude the isolation function.

The Allowable Value is chosen to prevent damage to the condenser
due to pressurization, thereby ensuring its integrity for offsite dose
analysis. As noted (footnote (a) to Table 3.3.6.1-1), the channels are
not required to be OPERABLE in MODES 2 and 3 when all main
turbine stop valves (TSVs) are closed, since the jotential for
condenser overpressurization Is minimized. Switches are provided to
manually bypass the channels when all TSVs are closed.

(continued)
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Primary Containment Isolation Instrumentation

B 3.3.6.1

BASES

APPLICABLE
SAFETY
ANALYSES,
LCO, and
APPUCABILITY

(continued)

Primary Containment Isolation

2.a. Reactor Vessel Water Level - Low. Level 3 a. v ce e to em t#

Low RPV water level indicates that the capa to cool the fuel may
be threatened. The valves whose penetr& ns communicate with the
primary containment are Isolated to limit e release of fission
products. The isolation of the primary ntainment on Level 3
supports actions to ensure that offsite.dose limits of 0 eeFR -iea are
not exceeded. The Reactor Vessel Water velLow, Level 3
Function associated with isolation is impliy assumed In the FSAR
analysis as these leakage paths are as to be isolated post
LOCA. -6 ~/f~

Reactor Vessel Water Level-Low, Level 3 signals are Initiated from
level instruments that sense the difference between the pressure due
to a constant column of water (reference leg) and the pressure due to
the actual water level (variable leg) in the vessel. Four channels of
Reactor Vessel Water Level-Low, Level 3 Function are available and
are required to be OPERABLE to ensure that no single instrument
failure can preclude the isolation function.

The Reactor Vessel Water Level-Low, Level 3 Allowable Value was
chosen to be the same as the RPS Level 3 scram Allowable Value
(LCO 3.3.1.1), since isolation of these valves is not critical to orderly
p~lant shutdown. ,d , /
2.b. Reactor Vessel Water Level-Low Low. Level 2r o oar'

Low RPV water level indicates that the capabil cool the fuel may
be threatened. The valves whose pene s communicate with the
primary containment are isolated to limit e release of fission
products. The Isolation of the primary ntainment on Level 2
supports actions to ensure that offsite osepimitcFCR-1W are
not exceeded. The Reactor Vessel Water evel Low Low, Level 2
Function associated with isolation is implj6ity assumed in the FSAR
analysis as these leakage paths are as med to be isolated post
LOCA. C6C.a.o7

Reactor Vessel Water LevelLow Low, Level -2 signa s are initiated
from level instruments that sense the difference between the pressure
due to a constant column of water (reference leg) and the pressure
due to the actual water level (variable leg) in the vessel. Four
channels of Reactor Vessel Water Level-Low Low, Level 2 Function
are available and

(continued)
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Primary Containment Isolation Instrumentation

B 3.3.6.1

BASES

APPLICABLE 2.b. Reactor Vessel Water Level - Low Low. Level 2 (continued)
SAFETY
ANALYSES, LCO, are required to be OPERABLE to ensure that no single Instrument
and failure can preclude the isolation function.
APPLICABILITY

The Reactor Vessel Water Level-Low Low, Level 2 Allowable Value
was chosen to be the same as the ECCS Level 2 Allowable Value
(LCO 3.3.5.1), since this may be indicative of a LOCA.

2.c. Reactor Vessel Water Level-Low Low Low. Level 1

Low reactor pressure vessel (RPV) water level indicates that the
capability to cool the fuel may be threatened. Should RPV water level
decrease too far, fuel damage could result The valves whose
penetrations communicate with the primary containment are isolated to
limit the release of fission products. The isolaton of the primary
containment on Level I supports actions to ensure the offsIte dose

rem C4 /4a io" _ limit e10 Fie = are not exceeded. The Reactor Vess ater
Level - Low Low Low, Level I Function associated with Ion is
implicitly assumed in the FSAR analysis as'thoslakete paths are
assumed to be isolated post LOCA. C " d cos g"o/ Gro eo

Reactor vessel water level signals are initiated from four level
instruments that sense the difference between the pressure due to a
constant column of water (reference leg) and the pressure due to the
actual water level (variable leg) in the vessel. Four channels of
Reactor Vessel Water Level-Low Low Low, Level 1 Function are
available and are required to be OPERABLE to ensure that no single
instrument failure can preclude the isolation function.

The Reactor Vessel Water Level-Low Low Low, Le~,el I Allowable
Value is chosen to be the same as the ECCS Level 1 Allowable Value
(LCO 3.3.5.1) to ensure that the associated penetrations isolate on a
potential loss of coolant accident (LOCA) to prevent offsite doses from
exceeding 10GFR4100limits.

(continued)
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B 3.3.6.1

BASES

APPUCABLE 2.d. D Iwell Pressure-High
SAFETY
ANALYSES,
LCO, and High drywell pressure indicate a break in the RCPB inside the
APPLICABILITY primary containment e isolation of some of the primary

(continued) containment isolation alves on high drywell pressure supports actions
to ensure that offsite dose limits Leff8-e M are not exceeded.
The Drywell Pressu h Function, associated with isolation of the
primary containmep Implicitly assumed in the FSAR accident
analysis as these ge paths are assumed to be Isolated post
LOCA.

High drywell pressure signals are initiated from pressure instruments
that sense the pressure in the drywell. Four channels of Drywell
Pressure-High per Function are available and are required to be
OPERABLE to ensure that no single instrument failure can preclude
the isolation function.. .. .... .. .. P o

The Allowable Value was selected to be the same as the ECCS
Drywell Pressure-High Allowable Value (LCO 3.3.5.1), since this may
be indicative of a LOCA inside primary containment.

2.e. SGTS Exhaust Radiation-High

High SGTS Exhaust radiation indicates possible gross failure of the
fuel cladding. Therefore, when SGTS Exhaust Radiation High is
detected, an isolation is initiated to limit the release of fission products.
However, this Function is not assumed in any accident or transient
analysis in the FSAR because other leakage paths (e.g., MSIVs) are
more limiting.

The SGTS Exhaust radiation signals are initiated from radiation
detectors that are located in the SGTS Exhaust Two channels of
SGTS Exhaust Radiation-High Function are available and are
required to be OPERABLE to ensure that no single instrument failure
can preclude the isolation function.

The Allowable Value is low enough to promptly detect gross failures in
the fuel cladding.

0s - . (continued)
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B 3.3.6.1

BASES

APPLICABLE 5.e. S&C System Initiation
SAFETY
ANALYSES,
LCO, and The isolation of the RWCU System Is required when the SLC System
APPLICABILITY has been initiated to prevent dilution and removal of the boron solution

(continued) by the RWCU System (Ref. 4). SLC System initiation signals are
initiated from the two SLC pump start signals.

There is no Allowable Value associated with this Function since the
channels are mechanically actuated based solely on the position of the
SLC System initiation switch.

W%%%A MZ-C- .cosistent wituh the Appllcablfity for theSL
System (100 3.1.7).co

As no (fonoe (b) to Table 3.3.6. 1-1), -this Function Is only
required to dose the outboard RWCU isolation valve trip systems.

5j. LReactor Vessel Water Level-Low Low. Level 2

Low RPV water level Indicates that the capability to cool the fuel may
be threatened. Should RPV water level decrease too far, fuel damage
could result. -Therefore, isolation of some interfaces with the reactor
vessel occurs to isolate the potential sources of a brak. The isolation
of the RWCU System on Level 2 supports actions to ensure that the
fuel peak cladding temperature remains below the limits of
10 CFR 50.46. The Reactor Vessel Water Level-Lo Low, Level 2
Function associated with RWCU isolation is not directly assumed in
the FSAR safety analyses because the RWCU System line break is
bounded by breaks of larger systems (recirculation and MSL breaks
are more limiting).

Reactor Vessel Water Level-Low Low, Level 2 signals are initiated
from four level instruments that sense the difference between the
pressure due to a constant column of water (reference leg) and the
pressure due to the actual water level (variable log) in the vessel. Four
channels of

0 -(continued)
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Primary Containment Isolation instrumentation

B 3.3.6.1

BASES

APPLICABLE 6.b. Reactor Vessel Water Level-Low. Level 3 (continued)
SAFETY
ANALYSES,
LCO, and In MODES I and 2, another isolation (i.e., Reactor Steam Dome
APPLICABILITY Pressure-High) and administrative controls ensure that this flow path

remains isolated to prevent unexpected loss of inventory via this flow
path.

6.c Manual Initiation

The Manual Initiation push button channels introduce signals to RHR
Shutdown Cooling System isolation logic that is redundant to the
automatic protective instrumentation and provide manual isolation
capability. There is no specific FSAR safety analysis that takes credit
for this Function. It is retained for overall redundancy and diversity of
the isolation function as required by the NRC in the plant licensing
bass,:

There are two push buttons for the logic, one manual initiation push
button per trip system. There is no Allowable Value for this Function
since the channels are mechanically actuated based solely on the
position of the push buttons.

Two channels of the Manual Initiation Function are available and are
required to be OPERABLE in MODES 3,4, and 5, since these are the
MODES in which the RHR Shutdown Cooling System Isolation
automatic Function are required to be OPERABLE.

Traversina Incore Probe System Isolation

7.a Reactor Vessel Water Level - Low. Level 3
/ m d l #°wes -bv^0VA

Low RPV water level indicates that the bpablity to cool the fuel may
be threatened. The valves whose pen trations communicate mnth the
primary containment are isolated to Ii ± the release of fission
products. The isolation of the prima containment on Level 3
supports actions to ensure that offsit dose limits of 10 c +n lOC are
not exceeded. The Reactor Vessel Wate I - el3
Function associated with isolation is impilasue in the FSARI
analysis as these leakage paths are umdtbeioatedpot i

\stOCA- /pXL;t

(continued)
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Primary Containment Isolation Instrumentation

B 3.3.6.1

BASES

APPLICABLE
SAFETY
ANALYSES,
LCO, and
APPLICABILITY

7.a Reactor Vessel Water Level - Low. Level 3 (continued)

Reactor Vessel Water Level - Low, Level 3 signals are initiated from
level transmitters that sense the difference between the pressure due
to a constant column of water (reference leg) and the pressure due to
the actual water level (variable leg) In the vessel. Two channels of
Reactor Vessel Water Level - Low, Level 3 Function are available and
are required to be OPERABLE to ensure that no single Instrument.
failure can initiate an inadvertent isolation actuation. The Isolation
function is ensured by the manual shear valve In each penetration.

The Reactor Vessel Water Level - Low, Level 3 Allowable Value was
chosen to be the same as the RPS Level 3 scram Allowable Value
(LCO 3.3.1.1), since isolation of these valves is not critical to orderly
plant shutdown.

~~~~~. ......... .. ..... ..I.......... .. . ... . ..... -

to ensuretht oPressure .lims 1

High drywell pressure snal cate a break in the RCPBe inside the
primary containmentAh isolation of some of the pfimary
containment isolatisres on high drywell pressure supports actions
to ensure that offs notsieiimitsnstrumen are not iexceeded.
The Drywell Pressure - lFunction, associated with isolation of the
primary containm en plitly assumed in the FSAR accident
analysis as these paths are assumed to be isolated Cost
LOCA. Co 4%cA~/

High drywell pressure signals are initiated from pressure transmitters
that sense the pressure in the drywell. Tweo channels of Drywell
Pressure - High per Function are available and are required to be
OPERABLE to ensure that no single instrument failure can initiate an
inadvertent actuation. The isolation function is ensured by the manual
shear valve in each penetration.

The Allowable Value was selected to be the same as the ECCS
Drywell Pressure - High Allowable Value (LCO 3.3.5.1), since this may
be indicative of a LOCA inside primary containment

(continued)
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Secondary Containment Isolation Instrumentation

B 3.3.62

BASES

BACKGROUND
(continued)

system initiates Isolation of one automatic isolation valve (damper) and
starts one SGT subsystem (including its associated reactor building
recirculation subsystem) while the other trip system initiates isolation of
the other automatic isolation valve in the penetration and starts the other
SGT subsystem (including its associated reactor building recirculation
subsystem). Each logic closes one of the two valves on each penetration
and starts one SGT subsystem, so that operation of either logic isolates
the secondary containment and provides for the necessary filtration of
fission products.

I

APPLICABLE
SAFETY
ANALYSES,
LCO, and

'the isolation signals generated by the secondary containment isolation
instrumentation are implicitly assumed In the safety analyses of
References I and 2 to initiate closure of valves and start the SGT System
to limit offsite doses.

L. ado chodt r
Refer to LCO 3.6.4.2, "Secondary Containment Isolation Valves (SCIVs),6
and tCO 3.6.4.3, "Standby Gas Treatment (SGT) System,' Applicable
Safety Analyses Bases for more detail of the safety analyses.

The secondary containment isolation instrumentation satisfies Criterion 3
of the NRC Policy Statement (Ref. 7) Certain instrumentation Functions
are retained for other reasons and are described below in the individual
Functions discussion.

I

The OPERABILITY of the secondary containment isolation
instrumentation is dependent on the OPERABILITY of the individual
instrumentation channel Functions. Each Function must have the
required number of OPERABLE channels with their setpoints set within
the specified Allowable Values, as shown in Table 3.3.6.2-1. The actual
setpoint is calibrated consistent with applicable setpoint methodology
assumptions. A channel is inoperable if its actual trip setpoint is not within
its required Allowable Value. Each channel must also respond within its
assumed response time, where appropriate.

Allowable Values are specified for each Function specified in the Table.
Nominal trip setpoints are specified in the setpoint calculations. The
nominal setpoints are selected to ensure that the setpoints do not exceed
the Allowable Value between CHANNEL CALIBRATIONS. Operation with
a trip setpoint less conservative than the nominal trip setpoint, but within
its Allowable Value, is acceptable.

(continued)
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Secondary Containment Isolation Instrumentation

B 3.3.6.2

0
BASES

APPLICABLE
SAFETY
ANALYSES,
LCO, and
APPLICABILITY

1. Reactor Vessel Water Level-Low Low. Level 2 4continued)

level (variable leg) in the vessel. Four channels of Reactor Vessel Water
Level-Low Low, Level 2 Function are available and are required to be
OPERABLE to ensure that no single instrument failure can preclude the
isolation function.

The Reactor Vessel Water Leve-Low Low, Level 2 Allowable Value was
chosen to be the same as the High Pressure Coolant Injection/Reactor
Core Isolation Cooling (HPCI/RCIC) Reactor Vessel Water Level-Low
Low, Level 2 Allowable Value (LCO 3.3.5.1 and LCO 3.3.52), since this
could indicate that the capability to cool the fuel is being threatened.

Reactor Vessel Water Leve-Low Low, Level 2 Function is required
to be OPERABLE in MODES 1, 2, and 3 where considerable energy
exists In the Reactor Cootant System (RCS); thus, there is a probabit of
pipe breaks resultinrg In significant releases of radioactive steam and gas.
In MODES 4 and 5, the probability and consequences of these events

are low due to the RCS pressure and temperature limitations of these
MODES; thus, this Function is not required. In addition, the Function is
also required to be OPERABLE during operations with a potential for
draining the reactor vessel (OPDRVs) because the capability of isolating
potential sources of leakage must be provided to ensure that offsite dose
limits are not exceeded If core damage occurs. -dO

a /- r -V

Reactor Vessel Water Level-Low Low, Level 2 will Isolate the affected
Units zone (i.e., Zone I for Unit I and Zone II for Unit 2) and Zone l1l.

2. Drvwell Pressure-Hiah

High drywell pressure can indicate a break in the reactor coolant pressure
boundary (RCPB). An isolation of the secondary containment and
actuation of the SGT System are initiated in order to minimize the
potential of an offsite dose release. The isolation on high drywell pressure
supports actions to ensure that any offsite releases are within the limits
calculated in the safety analysis. However, the Drywell Pressure-High
Function associated with

(continued)
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B 3.3.6.2

BASES

APPLICABLE
SAFETY
ANALYSES,
LCO, and
APPLICABILIT'

3. 4. 5. 6. 7 Refuel Floor High Exhaust Duct, Refuel Floor Wall Exhaust
Duct, and Railroad Access Shaft Exhaust Duct Radiation-High
(continued)

Y The Exhaust Radiation-High signals are initiated from radiation detectors
that are located on the ventilation exhaust ductwork coming from the
refueling floor zones and the Railroad Access Shaft. The signal from
each detector is input to an individual monitor whose trip outputs are
assigned to an isolation channel. Eight channels of Refuel Floor High
Exhaust Ductand Wall Exhaust Duct Radiation-High Function (four from
Unit 1 and four from Unit 2) and two channels of Railroad Access Shaft
Exhaust Duct Radiation - High Function (both from Unit 1) are available to
ensure that no single instrument failure can preclude the isolation
function.

I

The Allowable Values are chosen to promptly detect gross failure of the
fuel cladding.

The Re fuel Floor Exhaust RadiationHigh Functions are required to be
OPERABLE during CORE ALTERATIONS, OPDRVs, -and movement of
irradiated fuel assemblies in the secondary containment, because the
capability of detecting radiation releases due to fuel failures (due to a fuel
handling accident) must be provided to ensure that offsite dose limits are
not exceeded. "J c & co4d P'O okM

The Railroad Access Shaft Exhaust Duct Radiation - High Function is only
required to be OPERABLE during handling of irradiated fuel within the
Railroad Access Shaft, and above the Railroad Access Shaft with the
Railroad Access Shaft Equipment Hatch open. This provides the
capability of detecting radiation releases due to fuel failures resulting from
dropped fuel assemblies which ensures that offsite dose limits are not
exceeded. o.'vcl J

Refuel Floor High and Wall Exhaust Duct and Railroad Access Shaft
Exhaust Duct Radiation - High Functions will isolate Zone Ill of secondary
containment -

(continued)
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CREWAS System Instrumentation
B 3.3.7.1

BASES (continued)

APPLICABLE
SAFETY ANALYS
LCO, and
APPLICABILITY

/Te ability -of the CREWA System to maintain the
ES, habitability of the main control room is explicitly assumed

Ifor certain accidents as discussed in the FSAR
'/safety analyses (Refs. 1 and 2). CREWA System operation/
/ ensures that the radiation exposure of control roomI
personnel, through the duration of any one of the postulated
accidents, does not exceed the limits set by-69 or f
-re 6FR-56,-VpndiXUA-. $; osea _,-

CREOAS System instrumentation satisfies Criterion 3 of the
NRC Policy Statement. (Ref. 5)

The OPERABILITY of the CREOAS System instrumentation is
dependent upon the OPERABILITY of the individual
instrumentation channel Functions specified in
Table 3.3.7.1-1. Each Function must have a required number
of OPERABLE channels, with their setpoints within the
specified Allowable Values, where appropriate, Kchanne. is
inoperable If rts actu&[ fri p setpoint is not within its
required Allowable Value. The actual setpoint is calibrated
consistent with applicable setpoint methodology assumptions.

Allowable Values are specified for each CREOAS System
Function specified in the Table. Nominal trip setpoints are
specified in the setpoint calculations. The nominal
setpoints are selected to ensure that the setpoints do not
exceed the Allowable Value between successive CHANNEL
CALIBRATIONS. Operation with a trip setpoint less
conservative than the nominal trip setpoint, but within its
Allowable Value.. is acceptable. Trip setpoints are those
predetermined values of output at which an action should
take place.' The setpoints are compared to the actual
process parameter (e.g.. reactor vessel water level), and
when the measured output value of the process parameter
reaches the setpointo the associated device changes state.
The analytic limits are derived from the limiting values of
the process parameters obtained from the safety analysis.
The Allowable Values are derived from the analytic limits,
corrected for calibration, process. and some of the
instrument errors. Theltrip setpoints are then determined
accounting for the remaining instrument errors (e.g.,
drift). The trip setpoints derived in this manner provide
adequate protection because instrumentation uncertainties.
process effects, calibration tolerances, instrument drift,
and severe environment errors (for channels that must

(continued)
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CREWAS System Instrumentation
B 3.3.7.1

BASES

APPLICABLE 3. 4. 5. 6. 7 Refuel Floor High Exhaust Duct. Refuel Floor
SAFETY ANALYSES. Wall Exhaust Duct and Railroad Access Shaft Exhaust Duct
LCO. and Radiation-High (continued)
APPLICABILITY

Duct Radiation-High Function (four from Unit 1 and four
from Unit 2). and two channels of the Railroad Access Shaft
Exhaust Radiation - High Function (both from Unit 1) are
available and are required to be OPERABLE when the
associated Refuel Floor Exhaust System is in operation to
ensure that no single instrument failure can preclude the
initiation function.

The Allowable Values are chosen to promptly detect gross
failure of the fuel cladding. The Refuel Floor Exhaust Duct
andWall Exhaust Duct Radiation-High are required to be
OPERABLE during CORE ALTERATIONS. OPDRVs. and movement of
irradiated fuel assemblies in the secondary containment.
because the capability of detecting radiation releases due
I to fuelfailurest(due to fuel uncovery or dropped fuel
assemblies) must be provided to ensure that offsite dose
limits are not exceeded. &d. cr cewn>fst'-oeX4

The Railroad Access S23 Exhaust Duct Radiation - High
Function is only-require to be OPERABLE during handling of
irradiated fuel within the Railroad Access Shaft, and above
the Railroad Access Shaft with the Railroad Access Shaft
Equipment Hatch open, because the capability of detecting
radiation releases due to fuel failures (dropped fuel
assemblies) must be provided to ensure that offsite dose
limits are not exceeded. Jcoad cowbv / rwoof

8. Main Control Room Outside Air Intake Radiation-High

The main control room outside air intake radiation monitors
measure radiation levels at the control structure outside
air intake duct. A high radiation level may pose a threat
to main control room personnel: thus, automatically
initiating the CREWAS System. The Control Room Air Inlet
Radiation-High Function consists of two independent
monitors. Two channels of Control Room Air Inlet
Radiation-High are available and are required to be
OPERABLE to ensure that no single instrument failure can
preclude CREOAS System initiation. The Allowable Value was
selected to ensure protection of the control room personnel.

(continued)
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RCS Specific Activity

B 3.4.7

B3.4

B 3.4.7

REACTOR COOLANT SYSTEM (RCS)

RCS Specific Activity

BASES

BACKGROUND During circulation, the reactor coolant acquires radioactive materials due
to release of fission products from fuel leaks Into the reactor coolant and
activation of corrosion products in the reactor coolant These radioactive
materials in the reactor coolant can plate out in the RCS, and, at times, an
accumulation will break away to spike the normal level of radioactivity.
The release of coolant during a Design Basis Accident (DBA) could send
radioactive materials into the environment.'

Umits on the maximum allowable level of radioactivity in the. reactor
coolant are established to ensure that in the event of a release of any
radioactive material to the environment during a DBA, radiation doses are
maintained within e limits 0410 CaR eR 30 (Rcf. I).

/ - - re$lede diyo,
This LCO contains iodine specific activity limits. The iodine isotopic
activities per gram of reactor coolant are expressed in terms of a DOSE
EQUIVALENT l-131. The allowable levels are intended to limit the 2 hour
radiation dose to an individual at the site boundary to- cmall freeotzN of

re5Lg.+oi3 _ tho 10 crrx 1;3 limtsS

APPLICABLE
SAFETY
ANALYSES

Analytical methods and assumptions involving radioactive material In the
primary coolant are presented in the FSAR (Ref. 2). The specific activity
in the reactor coolant (the source term) is an initial condition for evaluation
of the consequences of an accident due to a main steam line break
(MSLB) outside containment. No fuel damage is postulated in the MSLB
accident, and the release of radioactive material to the environment is
assumed to end when the main steam isolation valves (MSIVs) dose
completely.

(continued)
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B 3.4.7

BASES (continued)

ACTIONS A.1 and A.2

When the reactor coolant specific activity exceeds the LCO DOSE
EQUIVALENT 1-131 limit but is < 4.0 .Cigm, samples must be analyzed
for DOSE EQUIVALENT 1-131 at least once every 4 hours. In addition,
the specific activity must be restored to the LCO lirmit within 48 hours. The
Completion Time of once every 4 hours is based on the time needed to
take and analyze a sample. The 48 hour Completion Time to restore the
activity level provides a reasonable time for temporary coolant activity
Increases (iodine spikes or crud bursts) to be cleaned up with the normal
processing systems.

A Note pernits the use of the provisions of LCO 3.0.4.c. This allowance
permits entry into the applicable MODE(S) while relying on the ACTIONS.
This allowance is acceptable due to the significant conservatism

incorporated into te specific activiy' limit, &thelow probability of an event
which is limiting due to exceeding this limit, and the ability to restore
transient specific activity excursions while the plant remains at, or
proceeds to power operation.

8.1. 1.2.1. B.2.2.1. and 8.2.2.2

If the DOSE EQUIVALENT 1-131 cannot be restored to s 0.2 FCVgm
within 48 hours, or If at any time it is > 4.0 gCiigm, it must be determined
at least once every 4 hours and all the main steam lines must be isolated
within 12 hours. Isolating the main steam lines precludes the possibility of
releasing radioactive material to the environment in an amount that 4&-

SUll ado >heo, b&$G, of :I ie tea ,mnte of 10 con loo 4during a
postulated MSLB accident

tEL5 J Altematively, the plant can be placed in MODE 3 within 12 hours and in
MODE 4 within 36 hours. This option is provided for those instances
when isolation of main steam lines is not desired (e.g., due to the decay
heat loads). In MODE 4, the requirements of the LCO are no longer
applicable.

(continued)
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B 3.4.7

BASES

ACTIONS B.1. B.2.1. B.2.2.1. and B.2.2.2 (continued)

The Completion Time of once every 4 hours is the time needed to take
and analyze a sample. The 12 hour Completion Time is reasonable,
based on operating experience, to isolate the main steam lines in an
orderly manner and without challenging plantsystems. Also, the allowed
Completion Times for Required Actions B.2.2.1 and B.2.2.2 for placing the
unit in MODES 3 and 4 are reasonable, based on operating experience, to
achieve the. required plant conditions from full power conditions in an
orderly manner and without challenging plant systems.

SURVEILLANCE
REQUIREMENTS R 3.4.7.1

This Surveillance is performed to ensure iodine remains within limit during
-.-.-.-.-. normal operation. The 7 day Frequency is adequate to trend changes in

the iodine activity level.

This SR is modified by a Note that requires this Surveillance to be
performed only in MODE 1 because the level of fission products
generated in other MODES is much less.

REFERENCES ( CFR 1o. , pea. )

2. FSAR, Section 15.6.4.

3. Final Policy Statement on Technical Specifications Improvements,
July 22, 1993 (58 FR 39132).
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Primary Containment
B 3.6.1.1

BASES (continued)

APPLICABLE The safety design basis for the primary containment is that
SAFETY ANALYSES it must withstand the pressures and temperatures of the

limiting DBA without exceeding the design leakage rate.'

The DBA that postulates the maximum release of radioactive
material within primary containment is a LOCA. In the
analysis of this accident, it is assumed that-primary
containment is OPERABLE such that release of fission
products to the environment is controlled by the rate of
primary containment leakage.

Analytical methods and assumptions involving the primary
containment are presented in References 1 and 2. The safety
analyses assume a nonmechanistic fission product release
following a DBA, which forms the basis for determination of
offsite doses. The fission product release is, in turn.

/' an assumed leakage rate from the primary
an `7 'containment. OPERABILITY of the primary containment ensures

that the leakage rate assumed in the safety analyses is not
roo J exceeded.

The maximum allowable leakage rate for the primary
containment (L,) is 1.0% by weight of the containment air
per 24 hours at the design basis LOCA maximum peak
containment pressure (P,) of 45 psig.

Primary containment satisfies Criterion 3 of the NRC Policy
Statement. (Ref. 6)

LCO Primary containment OPERABILITY is maintained by limiting
leakage to < 1.0 L., except prior to each startup after
performing a required Primary Containment Leakage Rate
Testing Program leakage test. At this time, applicable
leakage limits must be met. Compliance with this LCO will
ensure a primary containment configuration, including
equipment hatches, that is structurally sound and that will
limit leakage to those leakage rates assumed in the safety
analyses.
Individual leakage rates specified for the primary
containment air lock are addressed in LCO 3.6.1.2.

Leakage requirements for MSIVs and Secondary containment
bypass are addressed in LCO 3.6.1.3.

*(continued)
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Primary Containment
B 3.6.1.1

BASES

.

SURVEILLANCE
REQUIREMENTE

SR 3.6.1.1.1 (continued) adcl cowb~ll wikO

to meet these SRs must be e uated against the Type A, B.
and C acceptance criteria the Primary Containment Leakage
Rate Testing Program. As eft leakage prior to each startup
after performing a requl ed leakage test is required to be
< 0.6 L. for combined pe B and C leakage, and
< 0.75 L, for overall ype A leakage. At all other times
between required leak ge rate tests, the acceptance criteria
is based on an overa Type A leakage limit of • 1.0 La. At
< 1.0 L. the offsite dose consequences are bounded by the
assumptions of the safety analysis.. The Frequency is
required by the Primary Containment Leakage Rate Testing
Program. -

As noted in Table B 3.6.1.3-1. an exemption to Ap endix J is
provided that isolation barriers which remain filled or a
water seal remains in the line post-LOCA are tested with
water and the leakage is not included in the Type B and C
0.60 L, test.

SR 3.6.1.1.2

Maintaining the pressure suppression function of primary
containment requires limiting the leakage from the drywell
to the suppression chamber. Thus, if an event were to occur
that pressurized the drywell. the steam would be directed
through the downcomers into the suppression pool. This SR
measures drywell to suppression chamber leakage to ensure
that the leakage paths that would bypass the suppression
pool- are within allowable limits. The allowable limit is
IOX of the acceptable SSES A/4k design value. For SSES.
the A/l/k design value is .0535 ft2.

Satisfactory performance of this SR can be achieved by
establishing a known differential pressure between the
drywell and the suppression chamber and determining the
leakage. The leakage test is performed when the 10 CFR 50,
Appendix J. Type A test is performed in accordance with the
Primary Containment Leakage Rate Testing Program. This
testing Frequency was developed considering this test is

-(continued)0
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B 3.6.1.3
BASES (continued)

APPLICABLE The PCIVs LCO was denved from the assumptions related
SAFETY ANALYSES to minimizing the loss of reactor coolant inventory, and establishing

the primary containment boundary during major accidents. As part of
the primary containment boundary, PCIV OPERABILITY supports
leak tightness of primary containment Therefore, the safety analysis
of any event requiring isolation of primary containment is applicable to
this LCO.

pre DBAs that result in a release of radioactive material ithin
primary containment are a LOC o and a main steain steamk

/~. IV(MSLB). In the analysis for each of atese accidents, it is assumed
/that PCIVs are either closed or close within the required isolationds

- ~ Uwmes following event initiation. This ensures that potential pats toe t
the environment through PCIVs sm ncluding primary containment i
p urg e valves) are minimized. offssion Gproduts t th iR
-G99t a n fb t61r 4; Go ost limpingi s~ar*6de W
TheD l assumes tha T he closure uime of ise main steame

ML ek isolation valves (te SIVs a significant variable from a radiological
Tghe Aftmanpilu,,re criteri rquired to be 3im th - condutsafet nclosure time is assumed in the analysis. The

msafety analyses assume vhat the purge valves were iosed at event
initiation. ikewise, e is assumed that the primary containment is
isolated such that release of fission products to the environment is

The DBA analysis assumes that within the required isolation tume
leakage is terminated, except for the maximS6. allowable leakage
rate.,b

The single failure criterion required to be imposed in the conduct
of unit safety analyses was considered in the oniginal design of the
primary containment purge valves. Two valves in series on each
purge line provide assurance bnt both the supply and exhaust
fines could be isolated even if a single failure occL rred.

The primary containment purge valves may be unable to dose in
the environment follounng a LOCA. Therefore, each of the purge
valves is required to remain closed during MODES 1, 2, and 3
except as permitted under Note 2 of SR 3.6.1.3.1. In this case, the
single failure criterion remains applicable to -the primary containmnent
purge valve
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B 3.6.1.3
BASES

SURVEILLANCE S R 3.6.1.3.5 (continued)
REQUIREMENTS

OPERABILITY. MSIVs may be excluded from this SR since MSIV
full closure isolation time is demonstrated by SR 3.6.1.3.7. The
isolation time test ensures that the valve will isolate in a time
period less than or equal to that assumed In the Final Safety
Analyses Report. The isolation time and Frequency of this SR are
in accordance with the requirements of the Inservice Testing
Program.

SR 3.6.1.3.6

For primary containment purge valves with resilient seals,
additional leakage rate testing beyond the test requiremeats of
10 CFR 50, Appendix J, Option B, (Ref. 3), is required to ensure
OPERABILITY. Operating experience has demonstrated thatthis
type of seal has the potential to degrade in a shorter time period
than do other seal types. Based on this observation and the
importance of maintaining thispenetration leak tight(due to the
direct path between primary containment and the environment), a
Frequency of 184 days was established. The acceptance criteria
for these valves is defined in the Primary Containment Leakage
Rate Testing Program, 5.5.12.

The SR is modified by a Note stating that the primary containment
purge valves are only required to meet leakage rate testing
requirements in MODES 1, 2, and 3. If a LOCA inside primary
containment occurs in these MODES, purge Valve leakage must
be minimized, to ensure offsite radiological release is within limits.
At other times when the purge valves are required to be capable
of closing (e.g., during handling of irradiated fuel), pressurization
concerns are not present and the purge valves are not required to
meet any specific leakage criteria.

SR 3.6.1.3.7

Verifying that the isolation time of each MSIV is within the
specified limits is required to demonstrate OPERABILITY. The
isolation time test ensures that the MSIV will isolate in a time
period that does not exceed the times assumed in the DBA
analyses. This ensures that the calculated radiological
consequences of these events remain with! limits.

(continued)
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- B 3.6.4.1

BASES

SURVEILLANCE
REQUIREMENTS
(continued)

SR 3.6.4.1.4 and SR 3.6.4.1.5

The SGT System exhausts the secondary containment atmosphere to the
environment through appropriate treatment equipment To ensure that all
fission products are treated, SR 3.6.4.1.4 verifies that the SGT System will
rapidly establish and maintain a pressure in the secondary containment
that is less than the pressure external to the secondary containment
boundary. This is confirmed by demonstrating that one SGT subsystem
will draw down the secondary containment to 2 025 inches of vacuum
water gauge in less than or equal to the maximum time allowed. This
cannot be accomplished if the secondary containment boundary Is not
intact SR 3.6.4.1.5 demonstrates that one SGT subsystem can maintain
2 0.25 inches of vacuum water gauge for at least 1 hour at less than or
equal to the maximum flow rate perhiitted for the secondary containment
configuration that is operable. The 1 hour test period allows secondary
containment to be in hfermal equilibrium at steady state conditions. As
noted, both SR 3.6.4.1.4 and SR 3.6.4.1.5 acceptance limits are
dependent upon the secondary containment configuration when testing is
being performed. The acceptance criteria for the SRs based on
secondary containment configuration is defined as follows:

SECONDARY MAXIMUM DRAWDOWN TIME(SEC) MAXIMUM FLOW RATE (CFM)
CONTAINMENT (SR 3.6.4.1.4 (SR 3.6.4.1.5

TEST CONFIGURATION ACCEPTANCE CRITERIA) ACCEPTANCE CRITERIA)

I

I

11

I
I

Only one of the above listed configurations needs to be tested to confirm secondary
containment OPERABILITY.

0
(continued)
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CREOAS System

B 3.7.3
B 3.7 PLANT SYSTEMS

B 3.7.3 Control Room Emergency Outside Air Supply (CREGAS) System

BASES

BACKGROUND The CREOAS System provides a protected radiolegically controlled
environment from which operators can control the unit followina an
uncontrolled release of radioactivity, hazardous chemicals, or smoke from
outside the control room envelope. can bc cafely operated fellomnng a
Design Basis Accident (DBA4). This radiolegically controlled1rotected
environment is termed the habitability envelope and is comprised of
Control Structure floor elevations 697'-O" through 783'-O including the
stairwells as described in FSAR Section 6.4, (Ref. 1)

The safety related function of CREOAS System indudes two independent
and redundant high efficiency air filtration subsystems for emergency
treatment of outside supply air and a control room boundary which limits
the inleakaae of unfiltered air. Each subsystem consists of an electric
heater, a prefilter, an upstream high efficiency particulate air (HEPA) filter,
an activated charcoal adsorber section, a downstream HEPA fifter, a
CREOAS fan, a control structure heating and ventilation fan, a control
room floor cooling fan, a computer room floor cooling fan, and the
associated ductwork,-and dampers. doors, barriers and instrumentation.
Prefilters and HEPA filters remove particulate matter, which may be
radioactive. The charcoal adsorbers provide a holdup period for gaseous
iodine, allowing time for decay. With the exception of the CREOAS fan,
all other CREOAS subsystem fans operate continuously to maintain the
affected compartments environment. These other ventilation fans operate
independently of the CREOAS fans and are required to operate-to ensure
a positive pressure in the control structure is maintained utilizing filtered
outside air supplied by the CREOAS fans.

The habitability envelope is protected for normal operation. natural events.
and accident conditions. The habitability envelope is the combination of
walls, floor, roof. ducting. doors, penetrations and equipment that
physically form the habitability envelope. The integrity of the habitability
envelope must be maintained to limit the inleakage of unfiltered air into
the habitability envelope. The habitability envelope and habitability
boundary are defined in the Control Room Habitability Program.

Upon receipt of the initiation signal(s) (indicative of conditions that could
result in radiation exposure to o a Plant eperatefs in the habitability
envelope), the CREOAS System automatically switches to the
pressurizationtfiltration mode of operation to prevent infiltration of
contaminated air into the habitability envelope. A system of dampers
aligns the outside air intake to the CREOAS fan suction and filter train.
Outside air is taken in at the normal ventilation intake and passed through

(continued)
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CREOAS System

B 3.7.3
BASES

one of the charcoal adsorber filter subsystems. The filtered air leaving the
CREOAS filtration train is routed to the inlet of the other ventilation fans
for distribution.

One of the CREOAS System design requirements is to maintain the
habitability envelopeontrF9 reeom environment for a 30 day continuous
occupancy after a DBA without exceeding dose regulatory
IimiLs5 remwholo body dose or its equivalent to any part of the body. A
single CREOAS subsystem with an intact control structure habitability
envelope will pressurize the habitability envelope (which

(continued)
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B 3.7.3
ASES

BACKGROUND
(continued)

includes the control room) to greater than or equal to 0.125 inches water
gauge to prevent infiltration of air from surrounding buildings. CREOAS
System operation in maintaining the habitability envelope environment is
discussed in the FSAR, Chapters 6 and 9, (Refs. I and 2, respectively).

APPLICABLE
SAFETY ANALYSES

The ability of the CREOAS System to maintain the habitability of the
control structure habitability envelope is an explicit assumption for the
safety analyses presented in the FSAR, Chapters 6 and 15 (Refs. 1
and 3, respectively). The pressurization/filtration mode of the CREOAS
System is assumed to operate following a loss of coolant accident and-
fuel handling accident, and control rod drop accident, as discussed in the
FSAR, Section 6.4.1 (Ref. 1). The radiological doses to oQccu antsjant
operators in the habitability envelope as a result of the various DBAs are
summarized in Reference 3. No single active failure will cause the loss of
outside or recirculated air.

* The CREOAS System satisfies Criterion 3 of the NRC Policy Statement
-(Ref. 4)

LCO Two redundant subsystems of the CREOAS System are required to be
OPERABLE to ensure that at least one is available, assuming a single
failure disables the other subsystem. Total system failure or loss of
habitability boundary integrity could result in exceeding dose regulatory
limitof 5 rem whAle body or equivalent to occpan t-Gpefate in the
habitability envelope in the event of a DBA.

I

The CREOAS System is considered OPERABLE when the individual
components necessary to itoemtrel operator exposure are OPERABLE
in both subsystems. Both subsystems are considered OPERABLE when:

a. Both filter trains each consisting of a CREOAS fan, heater, a HEPA
filter, and charcoal adsorber which is not excessively restricting flow
is OPERABLE; and

b. Both Control Structure Heating and Ventilation fans, Computer
Room Floor Cooling fans, and Control Room Floor Cooling fans are
OPERABLE; and

c. Ductwork, valves, and dampers are OPERABLE, and air circulation
can be maintained.

d. Neither Smoke Removal Fan (OV104A/B) is in operation.

.(continued)
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LCO One subsystem is considered OPERABLE when:
(continued)

a. One filter train consisting of a CREOAS fan, heater, a HEPA filter,
and charcoal adsorber which is not excessively restricting flow is
OPERABLE; and

b. The 'A' Control Structure Heating and Ventilationfan (OV103A) and
the 'A' Computer Room Floor Cooling fan (OVI 15A) and the 'A'
Control Room Floor Cooling fan (OV1 17A) are OPERABLE

OR

The 'B' Control Structure Heating and Ventilation fan (OV103B) and
the 'B' Computer Room Floor Cooling fan (OV1 15B) and the 'B'
Control Room Floor Cooling fan (OVI 17B) are OPERABLE

(These fans are not dedicated to either CREQAS subsystem. As a
result when any one set of fans is not OPERABLE, one arbitrarily
determined CREOAS subsystem is not OPERABLE); and

c. Ductwork, valves, and dampers are OPERABLE, and air circulation
can be maintained.

d. Neither Smoke Removal Fan (OV104AtB) is in operation.

In addition, the habitability envelope must be maintained, incuding the
ntogrity f tho wallc , fl__._, eeilings, duc _ k, and acess dore to
maintain a positive pressure. Note the habitability envelope can not be
maintained with a smoke removal fan (OVI04A or OV104B) in operation.
In order for the CREOAS subsystems to be considered OPERABLE. the
intearity of the habitability boundary must be maintained such that control
room occuoant dose from a large radioactive release dose not exceed
regulatory limits and the control room occupants are protected from
hazardous chemicals and smoke from outside the habitability boundary.

The LCO is modified by a Note allowing the controom r habitability
envelope boundary to be opened intermittently under administrative
controls. This Note only apdies to oceninas in the habitability enveloe '
that can be rapidly restored to the desion condition. such as doors.
hatches. floor plugs, and access 6anels. For entry and exit through doorsI
the administrative control of the opening is performed by the person(9)
entering or exiting the area. For other openings, these controls shoud be
proceduralized and consist of stationing a dedicated individual at the
opening who is in continuous communication with the control room
operators. This individual will have a method to rapidly close the opening

(continued)
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I
and to restore the habitability envelope to a condition equivalent to the
design condition when a need for control room habitability envelope
isolation is indicated.

APPLICABILITY,

I
In MODES 1, 2, and 3, the CREOAS System must be OPERABLE to
ensure that the habitability envelope will remain habitable eontrol- perator
expesure during and following a DBA, since the DBA could lead to a
fission product release.

{continued)
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APPLICABILITY In MODES 4 and 5, the probability and consequences of a DBA are
(continued) reduced because of the pressure and temperature limitations in these

MODES. Therefore, maintaining the CREOAS System OPERABLE is not
required in MODE 4 or 5, except for the following situations under which
significant radioactive releases can be postulated:

a. During operations with potential for draining the reactor vessel
(OPDRVs);

b. During CORE ALTERATIONS; and

c During movement of irradiated fuel assemblies in the secondary
containment

ACTIONS A.1

With one CREOAS subsystem inoperable for reasons other than an
inoperable habitability boundary, the inoperable CREOAS subsystem
must be restored to OPERABLE status within 7 days. With the unit in this
condition, the remaining OPERABLE CREOAS subsystem is adequate to
perform the habitability envelo i-s-aditieR protection function.
However, the overall reliability is reduced because a single failure in the
OPERABLE subsystem could result in reduced CREOAS System
capability. The 7 day Completion Time is based on the low probability of
a DBA occurring during this time period, and that the remaining
subsystem can provide the required capabilities.

B.1 and B.2

If the unfiltered inleakage of potentially contaminated air Dast the
habitability boundary and into the habitability envelope can result in
occupants of the habitability envelope receiving doses greater than
regulatory limits or the control room occupants are not Drotected from
hazardous chemicals or smoke from outside the habitability boundary. the
habitability boundary is inoperable. However, the control room habitability
boundary may be considered OPERABLE. but degraded or
nonconforming, when unfiltered air inleakage is greater than assumed in
the licensing basis accident analyses if comnensatorv measures can
ensure that the habitability envelope remains habitable for the occupants
following an accident. Compensatory measures are discussed in
Regulatory Guide 1.196. Section 2.7.3. (Ref. 5) which endorses, with
exceptions. NEI 99-03. Section 8.4 and Appendix F (Ref. 6). Temporary
analytical methods may also be used as compensatorv measures (Ref.
7). The Control Room Habitability Program provides limits on use of

(continued)
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comoensatorv measures to maintain the control room habitability
boundary operable but degraded or nonconforming when the unfiltered air
inleakage is greater than that assumed in the licensing basis analyses.
When those limits are exceeded. Condition B must be entered. Actions
must be taken to restore an OPERABLE habitability boundary within 24
hours. During the period that the habitability boundary is inoperable.
mitigating actions must be implemented to lessen the effect to control
room occupants from the potential hazards of a radiological or chemical
event or a challenge from smoke exhaust to the habitability envelope.
These mitigating actions (i.e.. actions that are taken to offset the
consequences of the inoperable habitability boundary) should be
preplanned for implementation upon entry into the condition. The 24 hour
Completion Time is reasonable based on the low probability of a DBA
occurring during this time period. and the use of mitigating actions. If-the
coptrol room habitability envelope boundary is inoperable in MODES 1,2,
and 3, the CREOAS trains cnor at peoerm their intoended funstion.
Actio1 s must be t.ken to rostoro an i...r-D a. BLEcontro room k
cRvelope boundary wthin 24 hours. During the period that the control
room habitabiitnvelepe bouadary is inoperablo, approprite
compensatory measures (consistent with the intent of GDC 19) should be
utilized to protest control room operators from potential hazards such as
Fadisoatioe oRntaminatien, toxic chemirals, smoke, temperature aRd
rla ,,,n, yphumidity, and physial security. _Pr-planod- masurce should be
availablo to address these conreoms for intentional and unintentional entry
into the Condition. The 24 hour Completion Time isreasonable based on
the lew probability of a DBA oeruruing during this time pereod, and the use

of ^om renst or measurs. The 21 hour Copletin Time is a typically
reasonable time to diagnose, plan and possibly repair, and test most
problems With the onrtro o hatbility envelope boundary.

ACTIONS C.1 and C.2
(continued)

In MODE 1, 2, or 3, if the inoperable CREOAS subsystem or control room
habitability envelope boundary cannot be restored to OPERABLE status
within the associated Completion Time, the unit must be placed in a
MODE that minimizes risk. To achieve this status, the unit must be
placed in at least MODE 3 within 12 hours and in MODE 4 within
36 hours. The allowed Completion Times are reasonable, based on
operating experience, to reach the required unit conditions from full power
conditions in an orderly manner and without challenging unit systems.

D.1. D.2.1. D.2.2. and D.2.3

The Required Actions of Condition D are modified by a Note indicating
that LCO 3.0.3 does not apply. If moving irradiated fuel assemblies while

(continued)
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in MODE 1, 2, or 3, the fuel movement is independent of reactor
operations. Therefore, inability to suspend movement of irradiated fuel
assemblies is not sufficient reason to require either an entry into LCO
3.0.3 or a reactor shutdown in accordance with LCO 3.0.3.

During movement of irradiated fuel assemblies in the secondary
containment, during CORE ALTERATIONS, or during OPDRVs, if the
inoperable CREOAS subsystem cannot be restored to OPERABLE status
within the required Completion Time, the OPERABLE CREQAS
subsystem may be placed in the pressurization/filtration mode. This
action ensures that the remaining subsystem is OPERABLE, that no
failures that would prevent automatic actuation will occur, and that any
active failure will be readily detected.

An alternative to Required Action D.1 is to immediately suspend activities
that present a potential for releasing radioactivity that might require
isolation of the habitability envelo Mietrel room. This places the unit in a
condition that minimizes risk.

If applicable, CORE ALTERATIONS and movement of irradiated fuel
assemblies in the secondary containment must be suspended
immediately. Suspension of these activities shall not preclude completion
of movement of a component to a safe position. Also, if applicable,
actions must be initiated immediately to suspend OPDRVs to minimize the
probability of a vessel draindown and the subsequent potential for fission
product release. Actions must continue until the OPDRVs are suspended.

ACTIONS E.1
(continued)

If both CREOAS subsystems are inoperable in MODE 1, 2, or 3, for
reasons other than an inoperable control room habitability envelope
boundary (i. e., Condition B) the CREOAS System may not be capable of
performing the intended function and the unit is in a condition outside the
accident analyses. Therefore, LCO 3.0.3 must be entered immediately.

F.1. F.2. and F.3

The Required Actions of Condition F are modified by a Note indicating
that LCO 3.0.3 does not apply. If moving irradiated fuel assemblies while
in MODE 1, 2, or 3, the fuel movement is independent of reactor
operations. Therefore, inability to suspend movement of irradiated fuel
assemblies is not sufficient reason to require either an entry into LCO

(continued)
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3.0.3 or a reactor shutdown in accordance with LCO 3.0.3.

During movement of irradiated fuel assemblies in the secondary
containment, during CORE ALTERATIONS, or during OPDRVs, with two
CREOAS subsystems inoperable or if the habitability boundary cannot be
restored to OPERABLE status within the required Completion Time,
action must be taken immediately to suspend activities that present a
potential for releasing radioactivity that might require pressurization of the
habitability envelope. This places the unit in a condition that minimizes
risk.

If applicable, CORE ALTERATIONS and movement of irradiated fuel
assemblies in the secondary containment must be suspended
immediately. Suspension of these activities shall not preclude completion
of movement of a component to a safe position. If applicable, actions
must be initiated immediately to suspend OPDRVs to minimize the
probability of a vessel draindown and subsequent potential for fission
product release. Actions must continue until the OPDRVs are suspended.

SURVEILLANCE SR 3.7.3.1
REQUIREMENTS

This SR verifies that a CREOAS fan in a standby mode starts on demand
from the control room and continues to operate with flow through the
HEPA filters and charcoal adsorbers. Standby systems should be
checked periodically to ensure that they start and function properly. As
the environmental and normal operating conditions of this system are not
severe, testing each subsystem once every month provides an adequate
check on this system. Monthly heater operation dries out any moisture

that has accumulated in the charcoal as a result of humidity in the
ambient air. Systems with heaters must be operated for 2 10 continuous
hours with the heaters energized. Furthermore, the 31 day Frequency is
based on the known reliability of the equipment and the availability of two
redundant subsystems.

SR 3.7.3.2

This SR verifies that the required CREOAS testing is performed in
accordance with the Ventilation Filter Testing Program (VFTP). The
VFTP includes testing HEPA filter performance, charcoal adsorber
efficiency, minimum system flow rate, and the physical properties of the
activated charcoal (general use and following specific operations).

(continued)
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Specific test frequencies and additional information are discussed in detail
in the VFTP.

SR 3.7.3.3

This SR verifies that on an actual or simulated initiation signal, each
CREOAS subsystem starts and operates. The LOGIC SYSTEM
FUNCTIONAL TEST in SR 3.3.7.1.5 overlaps this SR to provide complete
testing of the safety function. The 24 month Frequency is consistent with
industry practice and other filtration systems SRs.

SR 3.7.3.4

This SR verifies the intearity of the habitability boundary by testing for
unfiltered air inleakage past the habitability boundary and into the
habitability envelope. The details of the testing are specified in the
Control Room Habitability Program.

Unfiltered air inleakage through the habitability boundary and into-the.
habitability envelope greater than the amount assumed in the licensing
basis accident analyses results in the control room habitability boundary
being inoperable when habitability is not maintained (i.e.. accident dose is
greater than regulatory limits or the occupants are not protected from
hazardous chemical and smoke.) However, the control room habitability
boundary may be considered OPERABLE. but degraded or
nonconforming when unfiltered air inleakage is greater than assumed in
the licensing basis accident analyses if compensatory measures can
ensure that the habitability envelope remains habitable for the occupants
following an accident. Compensatory measures are discussed in
Regulatory Guide 1.196. Section 2.7.3. (Ref. 5) which endorses, with
exceptions. NEI 99-03. Section 8.4 and Appendix F (Ref. 6). Temporary
analytical methods may also be used as compensatory measures (Ref.
7). The Control Room Habitability Program provides limits on use of
compensatory measures to maintain the control room habitability
boundary operable but degraded or nonconforming when the unfiltered air
inleakage is greater than that assumed in the licensing basis analyses.
When those limits are exceeded. Condition B must be entered. This-SR

'crific£s the integrity of the habitability envelope and the assumed
riloeakag rates of potentially contaminated air. The habitability eRvelope

pesiiv;e prczum c sswth rcOcpot to e ptentially cntrAmiRated adjaen4t arcea
(the turbine building), is periodically tested to verify proper function of thG
GREGAS System and the integrity of the habitability envelope. During the
emFcrgency mode of operation, the CREOAS System is designed to
clightly prersuize the contro *etrutur Ž 0.125 incho swatergauge
pocritive rcrt~e4 with rFesect to the eutside atmephre teo provent

(continued)
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unfiltered inleakage. Thc CGREAS System is doeigned to maintain this
p9SitiVe presure at a flow Fate of 5 5810 cfm to the onrl etm e uro in
the pressUriZationAltr~atien mode. The control Structure habitabloi;t'
envelope is maintained w4hen the control Gtructure habitability envelope
can bo prccsurizod to 0.125 inchcz wtor gauge poeitive precsuro with
rFepoet to outeido atmosphero. Thc Frequeney of 24 months on a
STAGGERED TEST BASIS is co;nist'nt with 'Rdustry paratice aRd othe
filtratien systems SRs.

(continued)
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REFERENCES 1. FSAR, Chapter 6.

2. FSAR, Chapter 9.

3. FSAR, Chapter 15.

4. Final Policy Statement on Technical Specifications Improvements,
July 22, 1993 (58 FR 39132).

5. Reaulatory Guide 1.196. May. 2003.

6. NEI 99-03 "Control Room Habitability Assessment". March 2003.
7. Letter from Eric J. Leeds (NRC) to James W. Davis (NEI) dated

January 30. 2005. ONEI Draft White Paper. use of Generic Letter 91-
18 Process and Alternate Source Terms in the Context of Control
Room Habitabili
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B 3.7.5 Main Condenser Offgas

BASES

BACKGROUND During unit operation, steam from the low pressure turbine
is exhausted directly into the condenser. Alr and
noncondensible gases are collected in the condenser, then
exhausted through the steam jet air ejectors (SJAEs) to the
Main Condenser Offgas System. The offgas from the main
condenser normally includes radioactive gases.

The Main Condenser Offgas System has been Incorporated into
the unit design to reduce the gaseous radwaste emission.
This system uses a catalytic recombiner to recombine
radiolytically dissociated hydrogen and oxygen. The gaseous
mixture is cooled by the offgas condenser; the water and
condensibles are stripped out by the offgas condenser and
roisture-separator. The radioactivity of the remaining
gaseous mixture (i.e., the offgas recombiner effluent) is
monitored downstream of the moisture separator prior to
entering the holdup line.

APPLICABLE The main condenser offgas radioactivity rate is an
SAFETY ANALYSES initial condition of the Main Condenser Offgas System

failure event. discussed in the FSAR, Section 10.1.
(Ref. 1). The analysis assumes a gross failure in the Main\
Condenser Offgas System that results in the rupture of the
Main Condenser Offgas System pressure boundary. The
radioactivity rate of the specified noble gases (Xe-133. Xe-
135, Xe-138. Kr-85m, Kr-87, and Kr-88) is controlled to
ensure that, during the event, the calculated offsite doses
will be well within-$he limits ef 10 GFR 1e0 fRef. -e or the
NRC staff approved ng basis

i~~sireszcIVLneVy
The main condenser offgas limits satisfy Criterion 2 of the

< NRCPolicy Statement. (Ref. 3) .

LCO To ensure compliance with the assumptions of the Main
Condenser Offgas System failure event (Ref.1). the fission
product release rate should be consistent with a specified
noble gas release to the reactor coolant of

(continued)
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B 3.7.7 Spent Fuel Storage Pool Water Level

BASES

BACKGROU ND The minimum water level in the spent fuel storage pool meets
the assumptions of iodine decontamination factors following a
fuel handling accident.

A general description of the spent fuel storage pool design is
found in the FSAR. Section 9.1 (Ref. 1). The assumptions of
the fuel handling accident are found in the FSAR, Section
15.7.4 (Ref. 2).

APPLICABLE The water level above the irradiated fuel assemblies is an
SAFETY ANALYSES exp licit assumption-of the... fuel handling acci.dent.. A fue

handling accident is-evaluated to ensure that the radiological
consequences (calculated whel boc .i u ~ ; J doses at the
exclusion area and low population zone boundaries) are. Ai*l f-

Le 10-CFR 1-Q 6 i 4) cxpozur-cguidclinesSIUREG 0800 (Ref. 8). A
r'e3C4I44y ( fuel handling accident could release a fraction of the fission

* .r product inventory by breaching the fuel rod cladding as
discussed in the Regulatory Guide?-.5 (Ref. 5).

/6 CFd: G.61
C4cJ ) The fuel handling accident is evaluated for the dropping of an.irradiated fuel assembly onto the reactor core. With an

assumed minimum water level of 21 ft and a minimum decay time
of 24 hours prior to fuel handling, the analysis and test
programs demonstrate that the iodine release due to a
postulated fuel handling accident is adequately captured by the
water and that offsite doses are maintained within allowable
limits consequences of a fuel handling accident

7,..-ovEr'lhe spent fuel storage pool are no more severe than those
cow's"e .> of the fuel handling accident over the reactor core, as
roo,' I discussed in the FSAR. Section 15.7.4 (Ref. 2). The water

/ level in the spent fuel storage pool provides for absorption of
water soluble fission product gases and transport delays of
soluble and insoluble gases that must pass through the water
before being released to the secondary containment atmosphere.
This absorption and transport delay reduces the potential
radioactivity of the release during a fuel handling accident.

The spent fuel storage pool water level satisfies Criteria 2
and 3 of the NRC Policy Statement (Ref . 6).

(continued)
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REFERENCES 1. FSAR, Section 9.1.

2,. FAScin1.74

5 R egul t Sor;y 45 G7u4d R2A sin 4, j.-4 428_

410 CFR44O

6. Final Policy Statement on Technical Specifications Improvements,
I July22, 1993 (58 FR 39132).
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B 3.9.6

REFUELING OPERATIONS

Reactor Pressure Vessel (RPV) Water Level

BASES

BACKGROUND The movement of fuel assemblies or handling of control rods within the RPV
requires a minimum water level of 22 ft above the top of the RPV flange.
During refueling, this maintains a sufficient water level in the reactor vessel
cavity and spent fuel pool. Sufficient water is necessary to retain iodine
fission product activity in the water in the event of a fuel handling accident
(Refs. I and 2). Sufficient iodine activity would be retained to limit offsite
doses from the accident to •25% of 10 CFR 40050.67 limits, as provided by
the guidance of Reference 31.

APPLICABLE
SAFETY -
ANALYSES

During movement of fuel assemblies or handling of control rods, the water
level in the RPV Is an inhtial condition design parameter in the analysis of a
fuel handling accident in containment postulated by Regulatory
Guide 1.25183 (Ref. 1). A decontamination factor of 10038 fRegulatery
Pesition C. 4.g of Ref. 1) is used in the accident analysis for iodine. This
relates to the assumption that 99.3% of the total iodine released from the
pellet to cladding gap of all the dropped fuel assembly rods is retained by the
water. The fuel pellet to cladding gap is assumed to contain 408% of the
total fuel rod iodine 1-131 inventory and 5% of the total fuel rod 1-132, 1-133, I-
134, and 1-135 inventory (Ref. 1).

Analysis of the fuel handling accident inside containment is described in
Reference 2. With an assumed minimum water level of 21 ft and a minimum
decay time of 24 hours prior to fuel handling, the analysis and test programs
demonstrate that the iodine release due to a postulated fuel handling
accident is adequately captured by the water and that offsite and control
room doses are maintained within allowable limits (Ref. 2).

While the worst case assumptions include the dropping of the irradiated
fuel assembly being handled onto the reactor core, the possibility exists
of the dropped assembly striking the RPV flange and releasing fission
products. Therefore, the minimum depth for water coverage to ensure

(continued)
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APPLICABLE acceptable radiological consequences is specified from the RPV flange.
SAFETY Since the worst case event results in failed fuel assemblies seated in the
ANALYSES core, as well as the dropped assembly, dropping an assembly on the RPV

(continued) flange will result in reduced releases of fission gases.

RPV water level satisfies Criterion 2 of the NRC Policy Statement (Ref. 5).

LCO A minimum water level of 22 ft above the top of the RPV flange Is required to
ensure that the radiological consequences of a postulated fuel handling
accident are within acceptable limits, as provided by the guidance of
Reference *

APPLICABILITY- LCO 3.9.6 is applicable when moving fuel assemblies or handling control
rods (i.e., movement with other than the normal control rod drive) within the
RPV. The LCO minimizes the possibility of a fuel handling accident in
containment that is beyond the assumptions of the safety analysis.
Requirements for fuel handling accidents in the spent fuel storage pool are
covered by LCO 3.7.7, "Spent Fuel Storage Pool Water Level."

ACTIONS A.1

If the water level is c 22 ft above the top of the RPV flange, all operations
Involving movement of fuel assemblies and handling control rods within the
RPV shall be suspended immediately to ensure that a fuel handling accident
cannot occur. The suspension of fuel movement and handling control rods
shall not preclude completion of movement of a component to a safe
position.

SURVEILLANCE
REQUIREMENTS SR 3.9.61

Verification of a minimum water level of 22 ft above the top of the
RPV flange ensures that the design basis for the

(continued)
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SURVEILLANCE postulated fuel handling accident analysis during refueling operations is met.
REQUIREMENTS Water at the required level limits the consequences of damaged fuel rods,

(continued) which are postulated to result from a fuel handling accident in containment
(Ref. 2).

The Frequency of 24 hours is based on engineering judgment and is
considered adequate in view of the large volume of water and the normal
procedural controls on valve positions, which make significant unplanned
level changes unlikely.

REFERENCES 1. Regulato{ud-.E Mac 4,9:72.

2. FSAR, Section 15.7.4................. ... .. __ ............ ....................

5. Final Policy Statement on Technical Specifications Improvements,
July 22, 1993 (58 FR 39132).
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Activities to be Completed Before AST Implementation

The following table identifies implementation activities to be taken by PPL Susquehanna as
described in this document.

Activities Due Date/Event

1. As a result of the analysis performed in Calculation
EC-RADN-1 129, "DBA LOCA Total Control Room
Dose", access controls are required in the CRHE to
maintain the Control Room operator dose as calculated
and to meet the dose acceptance requirements of
RG 1.183 and 10 CFR 50.67. Access control
requirements in the CRHE result from core spray pipe
shine -located in the Reactor Building.------ -__ . .. . --------- ....

Elevations 698' (Computer Room), 729'-1" (Control
Room), and 741'-i" (TSC) are the only areas of the
CRHE that require personnel to meet the occupancy
requirements of RG 1.183, Section 4.2.6 during a DBA
LOCA. Other areas of the CRHE require significantly
less occupancy. Core spray piping is located in the
adjacent RB near the northeast and southeast corners of
the CRHE. A section of an Office (Room C-401) and a
section of the Operational Support Center (Room C-402)
located on elevation 729'-1" and the Electrical Room
(Room C-413) and a section of the NRC Conference
Room (Room C-414) located on elevation 741'-1", must
have access controls to limit personnel exposure to
< 0.738 rem TEDE for the duration of the accident. This
is accomplished by designating an area 5' from the CRHE
east wall as a limited entry zone on elevations 729'-1"
and 741'-1". Due to the location of the computer room on
elevation 698', access controls are not required.

The Emergency Plan and implementing procedures and
station procedures including, but not limited to the
following shall be reviewed and revised as necessary.

EP-PS-104 Radiation Protection Coordinator Emergency
Plan Position Specific Procedure

Access control requirements shall
be completed prior to
implementation of the AST
License Amendments for
Units 1 & 2.

.............. ...................... .. ..... .................... ... ......:

Applicable Emergency Plan and
implementing procedures and
station procedures shall be
completed prior to
implementation of the AST
License Amendments for
Units 1 & 2.

EP-PS-106 Health Physics Specialist
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2. Applicable Sections of the TS and Bases were revised to
reflect changes associated with the implementation of the
proposed AST. The Control Room Habitability Program
was added as Section 5.5.13.

There are new manual operator actions associated with the
SLC System required as part of this LAR that are not
currently considered in the SSES design basis and must be
directed by new Emergency Operation procedures that will
be written and approved before SSES AST implementation.
The operator actions assumed in the proposed DBA LOCA
AST dose consequence analyses is the initiation of the SLC
system for boron injection to maintain the suppression pool
water pH above 7.0, precluding iodine re-evolution. TS
Sections 3.1.7, "Standby Liquid Control (SLC) System and
3.3.6.1, "Primary Containment Isolation Instrumentation"
and their Bases were also revised to address this change in
the SLC system requirements (see Attachments 5 through 7).

................ .................. . ....... ......... ......... ..... ............- .............. .. .. .... .. ........................

No hardware changes are necessary to use SLC in this new
functional mode.

Applicable procedure(s) will be reviewed/revised as necessary
to ensure the operation of the SLC System during a DBA
LOCA. See #4.

Applicable sections of the TS Matrix shall be revised.

As a result of the revision to the TS Bases concerning the
definition of Dose Equivalent I-131, Plant Chemistry will
evaluate revising appropriate software, counting system library
(data file), and chemistry (CH) and emergency plan position
specific (EP-PS) procedures. This assumes that the limiting
values for coolant concentrations of 0.2 and 4.0 uCi/g
DE 1-131 are not re-evaluated. If Chemistry chooses to re-
evaluate the limits, other changes would also be required.

A markup of the TS and Bases
impacted by implementation of
the AST is provided in
Attachments 6 and 7 respectively.

Applicable procedure(s)
requirements and TS Matrix
revisions shall be completed prior
to implementation of the AST
License Amendments for
Units 1 & 2.

..................... .......... ...... .. .......

The necessary software, data file,
and procedural changes required
to reflect the change in the
DE 1-131 definition shall be
completed prior to
implementation of the AST
License Amendments for
Units 1 & 2.

3. Nuclear Fuels Engineering Technical Instruction NF-202 The procedural changes required
shall be modified to incorporate limits on LHGR for to reflect compliance with
bumups exceeding 54 GWD/MTU per Footnote 11 of Footnote 11 of RG 1.183 shall be
RG 1.183 and core average bumup of 39 GWd/MTU. completed prior to

implementation of the AST
License Amendments for
Units 1 & 2.
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4. As a result of the new SLC System function of controlling
suppression pool pH post-LOCA, the station procedures
including, but not limited to the following shall be reviewed
and revised as necessary. Any procedures that call for the
termination of the SLC System reactivity control measure
will be reviewed and revised as necessary to prevent
blocking of SLC System injection as a pH control measure.

The procedural changes required
to reflect compliance with
Footnote 11 of RG 1.183 shall be
completed prior to
implementation of the AST
License Amendments for
Units 1 & 2.

ES-150(250)-002
OP-153(253)-001
SO-100(200)-007
SO-100(200)-008
EO-000-102
EO-000-103
EO-000-1 13
EO-000-1 14
EP-PS-133
N..D.A P-QA-0312

Boron Injection Via RCIC
Standby Liquid Control System
Daily Surveillance Operating Log
Weekly Surveillance Operating Log
RPV Control
Primary Containment Control
Level/Power Control
RPV Flooding
Severe Accident Management Coordinator
Controls of LCO's, TRO's,.and Safety
Function Determination Program

Emergency Plan Damage Support Procedures
System 53 Maintenance Rule Basis Document

In addition, operator training will be updated to reflect the
pH control function of the SLC System as defined in the
procedural changes above.

The impact of utilizing the sodium pentaborate water
solution during a DBA LOCA to maintain suppression pool
pH on equipment requiring to operate during the accident
shall be evaluated.

[5. Applicable Sections of the FSAR will be reviewed and revised
as necessary to reflect changes associated with the
implementation of the proposed AST. Sections include, but are
not limited to the following.

Section 2.3, "Meteorology"
Section 6.4, "Habitability Systems"
Section 6.5, "Fission Product Removal and Control Systems"
Section 9.3.5, "Standby Liquid Control System"
Section 9.4, "Air Conditioning, Heating, Cooling and

Ventilation Systems"
Section 12.3.2.2.5, Control Room Shielding Design
Section 15, "Accident Analysis"
Section 18.1.69, "Integrity of Systems Outside Containment

Likely to Contain Radioactive Material
(III.D. 1.1)"

Upon issuance of a License
Amendment, conforming FSAR
changes shall be completed as
required by PPL procedures and
submitted to the NRC staff in
accordance with the regular
FSAR update process as required
by 10 CFR 50.71.
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6. Review and revise as necessary the station procedures
including, but not limited to the following to reflect a system
leakage quantification limit of 2.5 gpm ESF leakage and
15 gpm CRD leakage. An ESF leak rate of 2.5 gpm is
required to support the LOCA analysis, as discussed in
Attachment 2, Section 4.3.4. The current value is 5 gpm.

NDAP-QA-0412 Leakage Rate Test Program

The revision to procedures
NDAP-QA-0412, Attachment P,
Page 98 of 123 and the applicable
Surveillance Engineering
procedures shall be completed
prior to implementation of the
AST License Amendments for
Units I & 2.

Unit 1
SE-149-400
SE-150-400
SE-151-400
SE-152-400
SE-153-400

SE-155-400
SE-155-401
SE-159-400

SE-161-400
SE-176400
TP 159-004

Unit 2
SE-249-400
SE-250-400
SE-251-400
SE-252-400
SE-253-400

SE-255-400
SE-155-401
SE-259-400

SE-261-400
SE-276-400
TP 259-004

RHR System Leakage Quantification Test
RCIC System Leakage Quantification Test
Core Spray System Leakage Quantification Test
HPCI System Leakage Quantification Test
Standby Liquid Control System Discharge Line
Leakage Quantification Test
CRD System Leakage Quantification Test
SDV Vent & Drain Valve Leakage Test
RHRICore Spray/HPCIVRCIC Component Post-
Maintenance Closed System Testing
RWCU System Leakage Quantification Test
PASS Liquid Leakage Quantification Test
Measurement of CRD Header Leakage

RHR System Leakage Quantification Test
RCIC System Leakage Quantification Test
Core Spray System Leakage Quantification Test
HPCI System Leakage Quantification Test
Standby Liquid Control System Discharge Line
Leakage Quantification Test
CRD System Leakage Quantification Test
SDV Vent & Drain Valve Leakage Test
RHRICore Spray/HPCIIRCIC Component Post-
Maintenance Closed System Testing
RWCU System Leakage Quantification Test
PASS Liquid Leakage Quantification Test
Measurement of CRD Header Leakage
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7. The x/Qs calculated at the CRHE outside air intake are based
on a new location, located on the roof of the Unit 2 Reactor
Building (at column lines U and 36). A preliminary evaluation
of the new location determined that seismic and security
concerns were found to be acceptable. A more thorough
evaluation of the acceptability of the new CRHE outside air
intake location, including the impact of hazardous chemical
and smoke on CRHE operators will be conducted.

Appropriate drawings, station modification package(s),
10 CFR 50.59s, hazardous chemical and smoke evaluations,
and other activities, as deemed appropriate, will be completed.

Generate applicable TS changes to allow for the shutdown of
the CREOASS to allow for connection of the existing CRHE
ductwork to the new air intake.

The documentation and
evaluation of the new CRHE
outside air intake shall be
completed prior to
implementation of the AST
License Amendments for
Units 1 & 2.

Appropriate drawings, station
modification package(s),
10 CFR 50.59s, hazardous
chemical and smoke evaluations,
TS changes and other activities,
as deemed appropriate, shall be
completed prior to
implementation of the AST
License Amendments for
Units--1-&2.-- -

4

8. The following assumptions were utilized in the AST analysis,
based on projected EPU values:

* For the DBA LOCA, the maximum bulk suppression pool
water temperature shall not exceed 212 'F.

* For the MSLB accident, the mass releases were increased
by 20%.
For the DBA LOCA, a 50% reduction of primary
containment leakage, secondary containment bypass
leakage, and MSIV leakage at 24 hours.

These assumptions shall be verified when the information
becomes available, but prior to AST implementation.

The evaluations shall be
completed prior to
implementation of the AST
License Amendments for
Units 1 & 2.

9. The Emergency Plan and implementing procedures will be The reviews shall be completed
reviewed and updated as appropriate to reflect TEDE. prior to implementation of the

AST License Amendments for
Units I & 2.

10. The Control Room Habitability Program shall be developed. Development of the Control
Room Habitability Program shall
be completed prior to
implementation of the AST
License Amendments for
Units 1 & 2.
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NO SIGNIFICANT HAZARDS CONSIDERATION DETERMINATION

Description of Amendment Request

PPL Susquehanna, LLC (PPL) is proposing to amend the operating license for Susquehanna
Steam Electric Station (SSES) Units 1 and 2, by revising the Technical Specifications (TS) and
incorporating an alternative source term (AST) methodology into the facility's licensing basis.
The proposed license amendment involves a full implementation of an AST methodology by
revising the current accident source term and replacing it with an AST, as prescribed in
10 CFR 50.67.

AST analyses were performed using the guidance provided by Regulatory Guide 1.183,
"Alternative Source Terms for Evaluating Design Basis Accidents at Nuclear Power Reactors,"
dated July 2000, and Standard Review Plan Section 15.0.1, "Radiological Consequences
Analyses Using Alternative Source Terms." The four BWR limiting design basis accidents
(DBAs) identified in RG 1.183 considered were the Control Rod Drop Accident, the Refueling
Accident, the Loss of Coolant Accident, and the Main Steam Line Break Accident. As a result
of the application of a revised accident source term, changes are proposed to the TS which revise
the definition of dose equivalent 1-131, and the operation of the SLC.

The AST analyses are based on new offsite and CRHE atmospheric dispersion coefficients
(,XQs) based on site specific meteorological data determined based on Regulatory Guides 1.145
and 1.194.

In addition to revising the SSES licensing basis to adopt the AST, licensing basis changes are
proposed and justified to respond to NRC Generic Letter 2003-01, "Control Room Habitability",
dated June 12, 2003 (Reference 12.1). These proposed changes are pursuant to the Technical
Specification Task Force Improved Standard Technical Specifications Change Traveler
TSTF-448, Revision 2 (Reference 12.2).

Basis for No Significant Hazards Determination:

Pursuant to 10 CFR 50.92, SSES has reviewed the proposed change and concludes that the
change does not involve a significant hazards consideration, since the proposed change satisfies
the criteria in 10 CFR 50.92(c). These criteria require that the operation of the facility in
accordance with the proposed amendment will not: (1) involve a significant increase in the
probability or consequences of an accident previously evaluated, (2) create the possibility of a
new or different kind of accident from any accident previously evaluated, or (3) involve a
significant reduction in a margin of safety. The discussion below addresses each of these criteria
and demonstrates that the proposed amendment does not constitute a significant hazard.
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1.0 Does the proposed change involve a significant increase in the probability of
occurrence or consequences of an accident previously evaluated?

Response: No.

Adoption of the AST and pursuant TS changes, changes to the TS's to address NRC Generic
Letter 2003-01 (Reference 12.1) and the changes to the atmospheric dispersion factors, have
no impact to the initiation of DBAs. Once the occurrence of an accident has been
postulated, the new accident source term and atmospheric dispersion factors are an input to
analyses that evaluate the radiological consequences. Some of the proposed changes do
affect the design or manner in which the facility is operated following an accident; however,
the proposed changes do not involve a revision to the design or manner in which the facility
is operated that could increase in the probability of an accident previously evaluated of a
DBA discussed in Chapter 15 of the FSAR.

Therefore, the proposed change does not involve an increase in the probability of an
accident previously evaluated.

..................... ............. ................ ................ .. . ...... .. .. ....... ...... .... ....

The structures, systems and components affected by the proposed changes act as mitigators
to the consequences of accidents. Based on the revised analyses, the proposed changes do
revise certain performance requirements; however, the proposed changes do not involve a
revision to the parameters or conditions that could contribute to the initiation of a DBA
discussed in Chapter 15 of the FSAR.

Plant-specific radiological analyses have been performed using the AST methodology and
new atmospheric dispersion factors. Based on the results of these analyses, it has been
demonstrated that the CRHE dose consequences of the limiting events considered in the
analyses meet the regulatory guidance provided for use with the AST, and the offsite doses
are well within acceptable limits. This guidance is presented in 10 CFR 50.67, RG 1.183,
and Standard Review Plan Section 15.0.1.

Therefore, the proposed amendment does not result in a significant increase in the
consequences of any previously evaluated accident.
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2.0 Does the proposed change create the possibility of a new or different kind of accident
from any accident previously evaluated?

Response: No.

Implementation of AST and the associated proposed TS changes and new atmospheric
dispersion factors do not alter or involve any design basis accident initiators. These changes
do not affect the design function or mode of operations of structures, systems and
components in the facility prior to a postulated accident. Since structures, systems and
components are operated essentially no differently after the AST implementation, no new
failure modes are created by this proposed change.

Licensing basis changes are proposed and justified to credit use of the SLC System to buffer
suppression pool pH to prevent iodine re-evolution following a postulated design basis loss
of coolant accident. There are new required manual operator actions associated with the
SLC System that are not currently considered in the SSES design basis. Operator training
will be updated to reflect the new manual operator actions.for the pH .ontrol functionof the.
SLC System as defined in the TS Section 3.1.7. These changes are not significant because
the operators are already trained for the operation of the SLC System. Procedural changes
are mostly limited to the timing of SLC initiation and termination. In addition, no new
hardware changes are necessary to use SLC in this new functional mode.

Licensing basis changes are proposed and justified for the operation of the CREOASS to
respond to NRC Generic Letter 2003-01 and TSTF-448. No new hardware changes are
necessary to implement these changes. Since CREOASS will not be operated differently as
a result of these changes, no new failure modes are created by these changes.

Therefore, the proposed license amendment will not create the possibility of a new or
different kind of accident from any accident previously evaluated.
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3.0 Does the proposed change involve a significant reduction in a margin of safety?

Response: No.

The results of the accident analyses revised in support of the proposed change are subject to
the acceptance criteria in 10 CFR 50.67. The analyzed events have been carefully selected,
and the analyses supporting these changes have been performed using approved
methodologies to ensure that analyzed events are bounding and safety margin has not been
reduced. The dose consequences of these limiting events are within the acceptance criteria
presented in 10 CFR 50.67, RG 1.183, and SRP 15.0.1. Thus, by meeting the applicable
regulatory limits for AST, there is no significant reduction in a margin of safety.

Changes to the SLC System to credit use of the Standby Liquid Control (SLC) System to
buffer suppression pool pH to prevent iodine re-evolution and the CREOASS to address
NRC Generic Letter 2003-01 and TSTF-448 improve the margin of safety.

New offsite and Control Room atmospheric dispersion factors,,(x/Qs) based onn site specific
meteorological data, calculated in accordance with the guidance of RGs 1.145 and 1.194,
utilizes more recent data and improved calculational methodologies.

Therefore, because the proposed changes continue to result in dose consequences within the
applicable regulatory limits, the changes are considered to not result in a significant
reduction in a margin of safety.

Conclusion

On the basis of the above, SSES has determined that operation of the facility in accordance
with the proposed change does not involve a significant hazards consideration as defined in
10 CFR 50.92(C), in that it: (1) does not involve a significant increase in the probability or
consequences of an accident previously evaluated; (2) does not create the possibility of a
new or different kind of accident from any accident previously evaluated; and (3) does not
involve a significant reduction in a margin of safety.
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ENVIRONMENTAL CONSIDERATION

PPL has evaluated the proposed amendment against the criteria for identification of licensing and
regulatory actions requiring environmental assessment in accordance with 10 CFR 51.21.

PPL has determined that the proposed change meets the criteria for categorical exclusion as
provided for under 10 CFR 51.22(c)(9). 10 CFR 51.22(c)(9) identifies certain licensing and
regulatory actions, which are eligible for categorical exclusion from the requirement to perform
an environmental assessment. A proposed amendment to an operating license for a facility does
not require an environmental assessment if operation of the facility in accordance with the
proposed amendment would not: (1) involve a significant hazards consideration; (2) result in a
significant change in the types or significant increase in the amounts of any effluents that may be
released offsite; or (3) result in a significant increase in individual or cumulative occupational
radiation exposure. PPL Susquehanna, LLC has evaluated the proposed change and has
determined that the proposed change meets the eligibility criteria for categorical exclusion set
forth in 10 CFR 51.22(c)(9). Accordingly, pursuant to 10 CFR 51.22(b), no environmental
impact statement or environmental assessment needs to be prepared in connection with issuance

... ... ..... W ....................- . . .................. .-....... I...... .........- .'- .1. . . ..... - v_ ......... ...... ... ... ...... ...... ... .....

of the amendment. The basis for this determination, using the above criteria, follows:

Basis

As demonstrated in the No Significant Hazards Consideration Evaluation, the proposed
amendment does not involve a significant hazards consideration. As a result of the DBA LOCA
analysis, the outside air intake of the CRHE shall be relocated. The change in location resulted
from the need to lower the existing x/Qs. An evaluation of the impact of hazardous chemicals
and smoke on CRHE operators will be conducted, based on the new outside air intake location.
The evaluation will be completed prior to implementation of the AST license amendments for
Units 1 & 2. It is not anticipated that the relocation of the CRIHE intake will result in an increase
in the consequences previously analyzed.

There is no significant change in the types or significant increase in the amounts of any effluents
that may be released offsite. The proposed change does not involve any unreviewed safety
questions concerning the physical alteration of the plant or change in methods governing normal
plant operation.

There is no significant increase in individual or cumulative occupational radiation exposure. The
proposed change does not involve any unreviewed safety questions concerning the physical
alteration of the plant or change in methods governing normal plant operation.
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Conclusion

The alternative source term does not affect the design or operation of the facility; rather, once the
occurrence of an accident has been postulated, the alternative source term is an input to evaluate
the consequences of accidents. The implementation of the alternative source term has been
evaluated in revisions to the analyses of the limiting design basis accidents at SSES (control rod
drop accident, fuel handling accident, loss of coolant accident, and main steam line break
accident). Based upon the results of these analyses it has been demonstrated that, with the
requested changes, the dose consequences are within NRC regulatory limits for alternative
source term (i.e., 10 CFR 50.67 and 10 CFR 50, Appendix A, General Design Criterion 19).

On the basis of the above, SSES has determined that operation of the facility in accordance with
the proposed change does not involve a significant hazards consideration as defined in
10 CFR 51.22(c)(9), in that it does not: (1) involve a significant hazards consideration; (2) result
in a significant change in the types or significant increase in the amounts of any effluents that
may be released offsite; or (3) result in a significant increase in individual or cumulative
o cupational radiation exposu e.
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The following non-proprietary Supporting Calculations are included in this section.

1. PPL Calculation EC-ENVR-1057, "Offsite X/Q Values for the SSES Based on 1999-2003
Meteorological Data", Revision 0.

2. PPL Calculation EC-ENVR-1058, "CRHE Accident Dispersion Factors (X/Qy', Revision 0.

3. PPL Calculation EC-ENVR-1059, "CRHE Accident Dispersion Factors (X/Q) RB U2
Intake", Revision 0.

4. PPL Calculation EC-RADN-1 125, "CRHE and Offsite Post LOCA Doses - AST",
Revision 0.

5. PPL Calculation EC-RADN-1 126, "CRHE and Offsite FHAiEHA Doses - AST',
Revision 0.

6. PPL Calculation EC-RADN-1 127, "Control Rod Drop Accident CRHE and Offsite
.................Doses&----AST", Revision O.-

7. PPL Calculation EC-RADN-1 128, "Steam Line break Accident CRHE and Offsite Post
LOCA Doses - ASr', Revision 0.

8. PPL Calculation EC-059-1041, "Suppression Pool pH Post LOCA", Revision 0.

9. PPL Calculation EC-053-1012, "Assessment of SLC System for Suppression Pool pH
Control", Revision 0.

10. PPL Calculation EC-RADN-1 129, "DBA LOCA Total Control Room Dose", Revision 0.

11. PPL Calculation EC-RADN-1 134, "Impact of AST on Current NUREG-0737 Radiological
Evaluations that use TID-14844 DBA-LOCA Releases", Revision 0.

12. PPL Calculation EC-RADN-1135, "Justification of AST 60 Isotope RADTRAD Source
Term for Direct Shine Calculations", Revision 0.

13. Non-proprietary pages of Calculation EC-FUEL-1615, "AREVA Alternate Source Term
(AST) Fission Product Inventory for Atrium-10 Fuel."
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Framatome-ANP and PPL Susquehanna performed calculations to determine

radionuclide source terms for ATRIUMbd-1 0 fuel irradiated in the Susquehanna units.

The source terms were generated using the SAS2H/ORIGEN-S computer code system.

* This analysis assumes a core thermal power of 4032 MWt (102% of 3952 MWt), which

corresponds to an input fuel assembly power of 5.28 MWt. The fission product source

terms calculated are slightly conservative (about 2%) because the uranium mass

assumed is higher than expected ATRIUM-1 0 assembly mass values. The activity

results have been selected to be applicable over a wide range of reload fuel conditions

including enrichment levels of 4.5 wt% U235.

* Source terms were generated for two different scenarios. Core-wide source terms (full

core inventories) were generated at a fuel exposure of 39 GWd/MTU for use in analyzing

core-wide releases (LOCA, etc). Assembly source terms (for a single assembly) were

generated at a fuel exposure of 58 GWdIMTU for use in analyzing releases from

dropping or otherwise damaging a single assembly (Fuel Handling Accident, etc).

* The attached tables contain the results from the SAS2H/ORIGEN-S calculations. Four

tables are provided:

Table 3.1 - Core Activity in Curies following Burnup to 39 GWD/MTU

Table 3.2 - Core Mass in Grams following Burnup to 39 GWD/MTU

Table 3.3 - Assembly Activity in Curies following Burnup to 58 GWD/MTU

Table 3.4 - Assembly Activity in Grams following Burnup to 58 GWD/MTU

The "a", "I" or 'T' in the 2nd, 3d, or 40 column refer to the library in which the nuclide was

found. An "a" refers to actinides; an "I" refers to light elements (i.e. structural materials),

and an "I" refers to fission products. The values in the table will be the sum of the

ORIGEN results from all 3 libraries.



SOH Orce Term Analysis
Al 0 Fuel at EPU Conditions

PPL Revised fulation
Table 3.1

Activity (Curies) per Full Core of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWdIMTU

Maximum Activity (4.25 wt%/ U-235 and 4.50 wt% U-235)

Nuclide
h 3
c 15
n 16
ne 23
na 24
na 25
mg 27
al 28
i1 28
al 29
si 31
ti 51
cr 51
v 52
v 53
mn 54
cr 55
fe 55
mn 56
mn 57
co 58
fe 59
ni 59
co 60
co 60m
co61
co 62
ni63
cu 64
ni 65
cu 66
cu 73
zn 73
ga 73
ge 73m

I
I
I
I
I
I
I

limit
enr

f --4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25

f 4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25

1 4.25
1 4.25
1 4.25
1 4.25
1 .4.25
1 4.25
f 4.25
f 4.25
f 4.25
f 4.25

0.Od
7.58E+04
1.95E+01
1.73E+02
3.46E+01
2.73E+02
2.09E+01
1.05E+03
1.90E+04
1.19E+06
5.46E+01
4.08E+02
5.86E+01
5.65E+06
8.56E+04
3.54E+02
4.27E+05
8.63E+04
1.90E+06
1.21 E+07
1.36E+03
5.91 E+05
1.28E+05
2.58E+02
3.19E+05
5.27E+05
7.11 E+03
5.66E+01
3.55E+04
2.65E+02
5.57E+04
3.48E+02
2.80E+03
4.88E+03
4.97E+03
4.91 E+03

1 sec
7.58E+04
1.47E+01
1.57E+02
3.39E+01
2.73E+02
2.06E+01
1.05E+03
1.89E+04
1.18E+06
5.45E+01
4.08E+02
5.84E+01
5.65E+06
8.48E+04
3.52E+02
4.27E+05
8.56E+04
1.90E+06
1.21 E+07
1.35E+03
5.91 E+05
1.28E+05
2.58E+02
3.19E+05
5.26E+05
7.11 E+03
5.62E+01
3.55E+04
2.65E+02
5.57E+04
3.48E+02
2.48E+03
4.82E+03
4.97E+03
4.91 E+03

30 min
7.58E+04
O.OOE+00
O.OOE+00
9.78E-14

2.66E+02
1.70E-08
1.16E+02
1.77E+00
5.17E+05
2.30E+00
3.58E+02
1.58E+00
5.65E+06
3.34E+02
8.71 E-04

4.27E+05
2.25E+02
1.90E+06
1.05E+07
8.33E-04

5.91 E+05
1.28E+05
2.58E+02
3.19E+05
7.24E+04
5.76E+03
5.41 E-05
3.55E+04
2.58E+02
4.86E+04
6.30E+00
O.OOE+00
O.OOE+00
4.64E+03
4.58E+03

1 hr
7.58E+04
O.OOE+00
O.OOE+00
2.79E-28
2.60E+02
1.37E-17
1.29E+01
1.65E-04

2.25E+05
9.70E-02

3.13E+02
4.28E-02
5.65E+06
1.30E+00
2.14E-09
4.27E+05
5.88E-01
1.90E+06
9.17E+06
5.07E-10

5.91 E+05
1.28E+05
2.58E+02
3.19E+05
9.93E+03
4.67E+03
5.14E-11

3.55E+04
2.51 E+02
4.23E+04
4.91 E-01

O.OOE+00
O.OOE+00
4.32E+03
4.26E+03

8hr
7.58E+04
O.OOE+00
O.OOE+00
O.OOE+00
1.86E+02
O.OOE+00
5.61 E-13
4.35E-07
1.96E+00
5.41 E-21

4.92E+01
O.OOE+00
5.61 E+06
O.OOE+00
O.OOE+00
4.27E+05
O.OOE+00
1.90E+06
1.40E+06
O.OOE+00
5.90E+05
1.28E+05
2.58E+02
3.19E+05
8.33E-09

2.47E+02
O.OOE+00
3.55E+04
1.72E+02
6.17E+03
3.58E-01

O.OOE+00
O.OOE+00
1.59E+03
1.57E+03

1.0 d
7.58E+04
0.00E+00
O.OOE+0O
O.OOE+00
8.79E+01
O.OOE+00
O.OOE+00
2.56E-07
5.29E-12

O.OOE+00
7.16E-01
O.OOE+00
5.52E+06
O.OOE+00
O.OOE+00
4.26E+05
O.OOE+00
1.90E+06
1.90E+04
O.OOE+00
5.86E+05
1.27E+05
2.58E+02
3.19E+05
O.OOE+00
2.97E-01
O.OOE+00
3.55E+04
7.17E+01
7.57E+01
2.93E-01

O.OOE+00
O.OOE+00
1.63E+02
1.60E+02

4.0 d
7.57E+04
O.OOE+00
O.OOE+00
O.OOE+00
2.91 E+00
O.OOE+00
O.OOE+00
2.35E-08
O.OOE+00
O.OOE+00
3.88E-09
O.OOE+00
5.11E+06
O.OOE+00
O.OOE+00
4.23E+05
O.OOE+00
1.90E+06
7.47E-05
O.OOE+00
5.68E+05
1.21 E+05
2.58E+02
3.19E+05
O.OOE+00
2.17E-14
O.OOE+00
3.55E+04
1.41 E+00
1.89E-07
1.17E-01

O.OOE+00
O.OOE+00
5.65E-03
5.58E-03

30.0 d
7.55E+04
O.OOE+00
O.OOE+00
O.OOE+00
4.46E-13
O.OOE+00
O.OOE+00
2.45E-17
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.67E+06
O.OOE+00
O.OOE+00
4.OOE+05
O.OOE+00
1.86E+06
O.OOE+00
O.OOE+00
4.41 E+05
8.02E+04
2.58E+02
3.16E+05
O.OOE+00
O.OOE+00
O.OOE+00
3.55E+04
2.28E-15

O.OOE+00
4.26E-05
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

90.0 d
7.47E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
5.95E+05
O.OOE+00
O.OOE+00
3.50E+05
O.OOE+00
1.79E+06
O.OOE+00
O.OOE+00
2.45E+05
3.16E+04
2.58E+02
3.09E+05
O.OOE+00
O.OOE+00
O.OOE+00
3.54E+04
O.OOE+00
O.OOE+00
4.92E-13

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

180.0 d
7.37E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
6.26E+04
O.OOE+00
O.OOE+00
2.87E+05
O.OOE+00
1.68E+06
O.OOE+00
O.OOE+00
1.02E+05
7.79E+03
2.58E+02
2.99E+05
O.OOE+00
O.OOE+00
O.OOE+00
3.54E+04
O.OOE+00
O.OOE+00
6.1 OE-25

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

l r
7.17E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
6.08E+02
O.OOE+00
O.OOE+00
1.90E+05
O.OOE+00
1.48E+06
O.OOE+00
O.OOE+00
1.67E+04
4.35E+02
2.58E+02
2.80E+05
O.OOE+00
O.OOE+00
O.OOE+00
3.53E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

PagE

3 yr
6.40E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+OO
O.OOE+OO
0.00E+90
O.OOE+00
O.OOE+00
7.04E-06
O.OOE+00
O.OOE+00
3.75E+04
O.OOE+001
8.86E+05
O.OOE+00.,
O.OOE+00 :7
1.32E+01
4.97E-03
2.582+02
2.152+05
0.002+0
0.002+00
0.002+00
3.48E+04
O.OOE+00
O.OOE+00
0.002+00

O.OOE+00 *I

O.OOE+00 f3
O.OOE+00 O
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SQH Wce Term Analysis
Al 0 Fuel at EPU Conditions

PPL Revised julatlon
Table 3.1

Activity (Curies) per Full Core of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWdlMTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt%/ U-235)

Nuclide
cu 74
zn 74
ga 74
cu 75
zn 75
ga 75
ge 75
cu 76
zn 76
ga 76
as 76
cu 77
zn 77
ga 77
ge 77
ge 77m
as 77
zn 78
ga 78
ge 78
as 78
zn 79
ga 79
ge 79
as 79
se 79m
zn 80
ga 80
ge 80
as 80
zn 81
ga 81
ge 81
as81
se 81

limit
enr

4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5

4.25
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5

4.25
4.5
4.5
4.5

4.25
4.5
4.5
4.5
4.5

0.Od
3.48E+03
1.18E+04
3.73E+03
4.40E+03
2.75E+04
3.37E+04
3.39E+04
3.56E+03
6.04E+04
9.02E+04
2.56E+03
2.08E+03
7.37E+04
1.88E+05
7.31 E+04
1.93E+05
2.26E+05
9.47E+04
4.25E+05
7.22E+05
7.32E+05
4.45E+04
4.19E+05
1.24E+06
1.34E+06
1.34E+06
1.67E+04
3.39E+05
3.03E+06
3.53E+06
3.77E+03
2.13E+05
3.21 E+06
5.12E+06
5.39E+06

1 sec 30 min
1.32E+03 O.OOE+00
1.18E+04 2.70E-02
3.73E+03 3.45E+02
2.IOE+03 O.OOE+O0
2.59E+04 O.OOE+00
3.36E+04 1.81 E+00
3.39E+04 2.71 E+04
2.58E+02 O.OOE+00
5.34E+04 O.OOE+00
8.94E+04 2.48E-12
2.56E+03 2.53E+03
2.14E+02 O.OOE+00
5.30E+04 O.OOE+00
1.82E+05 O.OOE+00
7.31E+04 7.1OE+04
1.93E+05 1.49E-05
2.26E+05 2.25E+05
5.92E+04 O.OOE+00
3.80E+05 O.OOE+00
7.22E+05 5.70E+05
7.32E+05 7.13E+05
2.22E+04 O.OOE+00
3.39E+05 O.OOE+00
1.21 E+06 O.OOE+0O
1.34E+06 1.38E+05
1.34E+06 2.37E+05
4.61 E+03 O.OOE+00
2.26E+05 0.OOE+00
2.96E+06 1.31 E-1 2
3.51E+06 2.71E 12
1.31E+01 O.OOE+00
1.21 E+05 O.OOE+00
2.94E+06 O.OOE+00
5.07E+06 3.26E-10
5.39E+06 2.02E+06

1 hr
O.OOE+00
6.1 OE-08

2.66E+01
O.OOE+00
O.OOE+O0
9.02E-05

2.11 E+04
O.OOE+00
O.OOE+00
5.23E-29

2.50E+03
O.OOE+00
O.OOE+00
O.OOE+O0
6.88E+04
8.48E-16

2.23E+05
O.OOE+00
O.OOE+00
4.50E+05
6.70E+05
O.OOE+00
O.OOE+00
O.OOE+O0
1.38E+04
2.41 E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
1.73E-26

8.02E+05

8 hr
O.OOE+O0
O.OOE+00
7.15E-15

O.OOE+00
O.OOE+O0
O.OOE+00
6.26E+02
O.OOE+00
O.OOE+00
O.OOE+00
2.08E+03
O.OOE+00
O.OOE+00
O.OOE+O0
4.48E+04
O.OOE+00
2.04E+05
O.OOE+O0
O.OOE+00
1.65E+04
8.25E+04
O.OOE+O0
O.OOE+00
O.OOE+0O
1.28E-10
2.24E-10

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
1.71 E+03

1.0 d
O.OOE+00
O.OOE+00
O.OOE+OO
O.OOE+00
O.OOE+00
O.OOE+00
2.02E-01
O.OOE+0O
O.OOE+00
O.OOE+00
1.36E+03
O.OOE+O0
O.OOE+00
O.OOE+00
1.68E+04
O.OOE+0O
1.60E+05
O.OOE+00
O.OOE+00
8.56E+00
1.25E+02
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+09
O.OOE+00
1.54E-02

040dE0O.OOE+O0
O.OOE+O0
O.OOE+O0
O.OOE+OO
O.OOE+00
O.OOE+00
3.96E-17
O.OOE+00
O.OOE+00
O.OOE+00
2.05E+02
O.OOE+00
O.OOE+00
O.OOE+00
2.02E+02
O.OOE+00
4.61 E+04
O.OOE+00
O.OOE+00
1.43E-1 4
1.39E-12

O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

30.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+OO
O.OOE+00
O.OOE+00
O.OOE+00
1.49E-05

O.OOE+O0
O.OOE+00
O.OOE+00
4.83E-15
O.OOE+00
6.72E-01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

90.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
5.05E-22
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
4.61 E-1 2
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

180.0 d
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
8.71 E-29

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+OO
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

LYvr
0.OOE2+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.00E+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00

Pagi

3Ovr
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00 4

O.OOE+00 t

O.OOE+00 '

O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00 *
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00 0
O.OOE+00
O.OOE+00
O.OOE+00 X

O.OOE+00
O.OOE+00 <
0.OOE+00 4
O.OOE+00 t
O.OOE+00 D
O.OOE+00 ¢.
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SQH rce Term Analysis PPL Revised ulation
Al 0 Fuel at EPU Conditions Table 3.1

Activity (Curies) per Full Core of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWd/MTU

Maximum Activity (4.25 wt% U-235 and 4.50 Wt/o U-235)
limit

Nuclide enr 0.Od 1 sec 30min 1 hr 8hr 1.0d 4.0d 30.Od 90.0d 180.0d 1 vr 3vr
se81m f 4.5 3.87E+05 3.87E+05 2.70E+05 1.88E+05 1.1 6E+03 1.04E-02 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+O0
ga 82 f 4.5 1.34E+05 4.20E+04 O.OOE+OO O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ge 82 f 4.5 3.08E+06 2.66E+06 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 0.002+00 .OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0
as 82 f 4.5 5.03E+06 4.96E+06 O.OOE+00 0.00+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+0O
as 82m f 4.5 1.96E+06 1.86E+06 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00
br 82 f 4.25 3.81 E+05 3.81 E+05 3.78E+05 3.75E+05 3.27E+05 2.38E+05 5.81 E+04 2.77E-01 1.46E-13 O.OOE+00 O.OOE+00 O.OOE+00
br 82m f 4.25 3.29E+05 3.29E+05 1.11 E+04 3.72E+02 8.86E-19 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0
ga 83 f 4.5 1.60E+04 1.70E+03 O.OOE+OO O.OOE+OO 0.0OE+00 0.002+00 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ge 83 f 4.5 1.38E+06 9.63E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
as 83 f 4.5 8.02E+06 7.64E+06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.002+00 .OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00
se 83 f 4.5 6.1OE+06 6.10E+06 2.41 E+06 9.47E+05 2.03E+00 2.23E-13 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 |
se 83m f 4.5 6.45E+06 6.43E+06 1.46E-01 2.70E-09 O.OOE+00 O.OOE+00 O.0OE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
br 83 f 4.5 1.29E+07 1.29E+07 1.18E+07 1.04E+07 1.40E+06 1.38E+04 1.28E-05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
kr 83m f 4.5 1.31 E+07 1.31 E+07 1.29E+07 1.26E+07 3.64E+06 5.27E+04 5.39E-05 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+00 O.OOE+00 3
ga 84 f 4.5 1.28E+05 1.09E+02 O.00E+00 O.OOE+OO O.OOE+OO 0.OOE+OO 0.002+00 O.OOE+OO O.OOE+OO 0.00E+O0 O.OOE+OO O.OOE+OO . 00
ge 84 f 4.5 8.86E+05 5.02E+05 O.OOE+OO O.OOE+00 O.OOE+O 0.002+0 O .OOE+00 0 .OOE+OO 0.00E+00 O.OOE+OO00 O.OOE+00 0.OOE+00
as 84 f 4.5 5.91 E+06 5.29E+06 O.OOE+OO O.002+00 O.OOE+OO O.OOE+OO 0.002+00 O.OOE+OO O.OOE+OO O.OOE+OO00 O.OOE+00 O.OOE+00
se 84 f 4.5 2.34E+07 2.33E+07 3.55E+04 5.34E+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O..OOE00
br 84 f 4.5 2.40E+07 2.40E+07 1.38E+07 7.20E+06 7.62E+02 6.22E-07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00- O.OOE+00 O.OOE+00
br 84m f 4.5 6.43E+05 6.42E+05 2.01 E+04 6.27E+02 5.32E-1 9 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+000
ge 85 f 4.5 1.53E+05 9.47E+03 O.OOE+00 0.OOE+OO O.OOE+O .00 O.OOE+00 O.OOE+0 O.OOE++O.OOEO+O .0.0 2 +00O O.OOE+00 d
as 85 f 4.5 3.40E+06 2.43E+06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
se 85 f 4.5 1.1 OE+07 1.08E+07 9.02E-11 7.15E-28 O.OOE+00 O.OOE+00 0.002+00 O.OOE+OO O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
se 85m f 4.5 9.70E+06 9.32E+06 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 0.002+00
br 85 f 4.5 2.67E+07 2.67E+07 2.17E+04 1.54E+01 0.OOE+0O 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO
kr 85 f 4.5 1.48E+06 1.48E+06 1.48E+06 1.48E+06 1.48E+06 1.48E+06 1.48E+06 1.47E+06 1.46E+06 1.44E+06 1.39E+06 1.22E+06
kr 85m f 4.5 2.68E+07 2.68E+07 2.51 E+07 2.32E+07 7.87E+06 6.62E+05 9.63E+00 0.002+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ge 86 f 4.5 3.20E+04 1.92E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
as 86 f 4.5 1.89E+06 8.86E+05 O.OOE+OO 0.OOE+ 00 O.OOE+0 0 O.OOE+OO 0.002+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+O0 0
se 86 f 4.5 2.64E+07 2.52E+07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.002+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 ,

br 86 f 4.5 3.25E+07 3.25E+07 6.28E-03 9.17E-13 O.OOE+O0 0.002+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
br 86m f 4.5 6.21 E+06 5.33E+06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+÷00-
rb 86 f 4.25 2.17E+05 2.17E+05 2.16E+05 2.16E+05 2.14E+05 2.09E+05 1.86E+05 7.10E+04 7.62E+03 2.68E+02 2.73E-01 4.31E-13C)
rb 86m f 4.25 1.79E+04 1.76E+04 2.36E-05 3.09E-14 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0 .0E÷00D
ge87 f 4.5 2.70E+05 1.51 E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+000 .OOE 00
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SQH Wce Term Analysis
Al 0 Fuel at EPU Conditions

PPL Revised *ulation
Table 3.1

Activity (Curies) per Full Core of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Burnup to 39 GWd/MTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt% U-235)

Nuclide
as 87
se 87
br 87
kr 87
as 88
se 88
br 88
kr 88
rb 88
zr 89
as 89
se 89
br 89
kr 89
rb 89
sr 89
y 89m
se 90
br 90
kr 90
rb 90
rb 90m
sr 9o
y 90
zr 90m
se 91
br 91
kr 91
rb91
sr 91
y 91
y91m
se 92
br 92
kr 92

limit
enr

f 4.5
f 4.5
f 4.5
f 4.5
f 4.5
f 4.5
f 4.5
f 4.5
f 4.5

1 4.25
f 4.25
f 4.5
f 4.5
f 4.5
f 4.5

I f 4.5
I f 4.25

f 4.5
f 4.5
f 4.5
f 4.5
f 4.5
f 4.5

If 4.5
f 4.25
f 4.5
f 4.5
f 4.5
f 4.5

I f 4.5
I f 4.5

f 4.5
f 4.25
f 4.5
f 4.5

0.0 d
1.08E+06
1.54E+07
4.24E+07
5.37E+07
4.79E+05
8.17E+06
4.09E+07
7.45E+07
7.64E+07
5.52E+04
8.56E+03
2.86E+06
2.83E+07
9.24E+07
9.93E+07
1.03E+08
1.68E+05
6.30E+05
1.54E+07
9.93E+07
9.17E+07
2.91 E+07
1.31 E+07
1.36E+07
8.86E+03
6.31 E+04
5.03E+06
6.79E+07
1.21 E+08
1.31 E+08
1.34E+08
7.57E+07
5.17E+03
8.56E+05
3.61 E+07

1 sec
1.25E+05
1.36E+07
4.20E+07
5.37E+07
2.78E+03
5.18E+06
3.95E+07
7.45E+07
7.64E+07
5.52E+04
2.77E+01
5.25E+05
2.44E+07
9.24E+07
9.93E+07
1.03E+08
1.63E+05
1.24E+05
1.08E+07
9.70E+07
9.17E+07
2.90E+07
1.31 E+07
1.36E+07
3.77E+03
4.82E+03
1.59E+06
6.28E+07
1.21 E+08
1.31 E+08
1.34E+08
7.57E+07
8.33E+01
1.28E+05
2.49E+07

30 min
O.OOE+00
O.OOE+00
8.25E-03
4.13E+07
O.OOE+00
O.OOE+00
O.OOE+00
6.60E+07
7.16E+07
5.50E+04
O.OOE+00
O.OOE+00
O.OOE+00
1.32E+05
3.16E+07
1.03E+08
6.43E+04
O.OOE+00
O.OOE+00
1.73E-09
4.70E+04
2.44E+05
1.31 E+07
1.36E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.04E-02
1.26E+08
1.34E+08
7.53E+07
O.OOE+00
O.OOE+00
O.OOE+00

1 hr
O.OOE+00
O.OOE+00
1.52E-12

3.15E+07
O.OOE+00
O.OOE+00
O.OOE+00
5.84E+07
6.46E+07
5.48E+04
O.OOE+00
O.OOE+00
O.OOE+00
1.86E+02
8.02E+06
1.03E+08
6.40E+04
O.OOE+00
O.OOE+00
2.92E-26
1.23E+02
1.94E+03
1.31 E+07
1.36E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.68E-1 1
1.21 E+08
1.34E+08
7.40E+07
O.OOE+00
O.OOE+00
O.OOE+00

8hr
O.OOE+00
O.OOE+00
O.OOE+00
6.94E+05
O.OOE+00
O.OOE+00
O.OOE+00
1.05E+07
1.18E+07
5.15E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.87E-02
1.03E+08
6.07E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.31 E+07
1.35E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.30E+07
1.34E+08
4.64E+07
O.OOE+00
O.OOE+00
O.OOE+00

1.0 d
O.OOE+00
O.OOE+00
O.OOE+00
1.13E+02
O.OOE+00
O.OOE+00
O.OOE+00
2.12E+05
2.38E+05
4.47E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.76E-21
1.02E+08
5.39E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.31 E+07
1.34E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.28E+07
1.34E+08
1.44E+07
O.OOE+00
O.OOE+00
O.OOE+00

4.0 d
O.OOE+00
O.OOE+00
O.OOE+00
1.03E-15

O.OOE+00
O.OOE+00
O.OOE+00
4.93E-03
5.51 E-03

2.37E+04
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
9.78E+07
3.25E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.31 E+07
1.32E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.21 E+05
1.29E+08
7.64E+04
O.OOE+00
O.OOE+00
O.OOE+00

30.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
9.55E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
6.85E+07
6.46E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.30E+07
1.30E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.23E-15
9.48E+07
1.41 E-15

O.OOE+00
O.OOE+00
O.OOE+00

90.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.84E-04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.01 E+07
2.80E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.30E+07
1.30E+07
O.OOE+O0
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
4.65E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

180.0 d
O.OOE+O0
O.OOE+O0
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.46E-12

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
8.79E+06
8.18E+02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.29E+07
1.29E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.60E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

1 vr
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.74E-29

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
6.91 E+05
6.43E+01
O.OOE+00
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+OO
1.27E+07
1.27E+07
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.78E+06
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00

Page

3vOr
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+Oq
O.OOE+O0
O.OOE+O0
0.OOE+00
O.OOE+00
3.09E+01 Pj
2.87E-03
O.OOE+0O
O.OOE+00
O.OOE+0O
0.OOE+OO C
O.OOE+00 ;
1.21 E+07
1.21 E+07
O.OOE+00
O.OOE+00 t9
O.OOE+O0
O.OOE+0 0
O.OOE+00
O.OOE+00
3.11 E+02
O.OOE+OO Iy

O.OOE+00
O.OOE+OO0~
O.OOE+00 CD
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SQH Orce Term Analysis
Al 0 Fuel at EPU Conditions

PPL Revisei
Table 3.1

Activity (Curies) per Full Core of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWd/MTU

Maximum Activity (4.25 wt/o U-235 and 4.50 wt% U-235)

Nuclide
rb 92
sr 92
y 92
zr 93
br 93
kr 93
rb 93
sr 93
y 93
br 94
kr 94
rb 94
sr 94
y 94
kr 95
rb 95
sr 95
y 95
zr 95
nb 95
nb 95m
kr 96
rb 96
sr 96
y 96
nb96
rb 97
sr97
y 97
zr 97
nb 97
nb 97m
rb 98
sr 98
y 98

f
f
fI

I
f
f
f

If
If
f
f
f
f

If
If
f
f
f

If
If
If

f
f
f
f

If
f
f
f

If
If
If

f
f
f

limit
enr

4.5
4.5
4.5

4.25
4.25

4.5
4.5
4.5
4.5

4.25
4.5
4.5
4.5
4.5

4.25
4.5
4.5
4.5
4.5
4.5
4.5

4.25
4.5
4.5
4.5

4.25
4.5
4.5
4.5
4.5
4.5
4.5

4.25
4.5
4.5

0.0 d
1.08E+08
1.39E+08
1 .40E+08
2.97E+01
2.60E+05
1.22E+07
8.94E+07
1.57E+08
1.07E+08
1.23E+04
5.64E+06
4.63E+07
1.57E+08
1.70E+08
5.39E+05
2.25E+07
1.41 E+08
1.76E+08
1.92E+08
1.92E+08
2.13E+06
9.17E+04
5.62E+06
1.03E+08
1.70E+08
3.12E+05
1.54E+06
5.23E+07
1.40E+08
1.90E+08
1.91 E+08
1.80E+08
1.54E+05
2.13E+07
1.04E+08

1 sec
9.63E+07
1.39E+08
1.40E+08
2.97E+01
5.06E+03
7.14E+06
8.02E+07
1.57E+08
1.07E+08
2.33E+01
2.07E+05
3.61 E+07
1.56E+08
1.70E+08
2.21 E+05
3.91 E+06
1.38E+08
1.76E+08
1.92E+08
1.92E+08
2.13E+06
8.56E+03
1.87E+05
5.43E+07
1.60E+08
3.12E+05
2.70E+04
1.02E+07
1.18E+08
1.90E+08
1.91 E+08
1.80E+08
3.64E+02
7.33E+06
4.30E+07

30 min
O.OOE+00
1.22E+08
1.39E+08
2.97E+01
O.OOE+00
O.OOE+00
O.OOE+00
9.63E+06
1.04E+08
O.OOE+00
O.OOE+00
O.OOE+00
9.93E+00
5.95E+07
O.OOE+00
O.OOE+00
3.67E-14

2.52E+07
1.92E+08
1.92E+08
2.13E+06
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.07E+05
O.OOE+00
O.OOE+00
O.OOE+00
1.86E+08
1.90E+08
1.76E+08
O.OOE+00
O.OOE+00
O.OOE+00

1 hr
O.OOE+00
1.08E+08
1.37E+08
2.97E+01
O.OOE+00
O.OOE+00
O.OOE+00
5.84E+05
1.01 E+08
O.OOE+00
O.OOE+OO
O.OOE+00
6.13E-07
1.96E+07
O.OOE+00
O.OOE+00
O.OOE+00
3.48E+06
1.92E+08
1.92E+08
2.13E+06
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
3.02E+05
O.OOE+00
O.OOE+00
O.OOE+00
1.82E+08
1.88E+08
1.73E+08
O.OOE+00
O.OOE+00
O.OOE+00

8 hr
O.OOE+00
1.80E+07
6.53E+07
2.97E+01
O.OOE+00
O.OOE+00
O.OOE+00
5.42E-12

6.23E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.39E+00
O.OOE+O0
O.OOE+O0
O.OOE+00
3.16E-06
1.91 E+08
1.92E+08
2.13E+06
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.45E+05
O.OOE+00
O.OOE+00
O.OOE+00
1.36E+08
1.46E+08
1.30E+08
O.OOE+00
0.OOE+00
O.OOE+00

1.0 d
O.OOE+00
2.99E+05
4.42E+06
2.97E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.08E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.19E-15

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.89E+08
1.92E+08
2.12E+06
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.53E+05
O.OOE+00
O.OOE+00
O.OOE+00
7.09E+07
7.13E+07
6.73E+07
O.OOE+00
O.OOE+00
O.OOE+00

4.0 d
O.OOE+00
3.01 E-03
4.04E+00
2.97E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.48E+05
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.00E+00
O.OOE+00
1.84E+08
1.92E+08
2.1 OE+06
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
1.80E+04
O.OOE+00
O.OOE+00
O.OOE+00
3.70E+06
3.72E+06
3.51 E+06
O.OOE+00
O.OOE+00
O.OOE+00

30.0 d
O.OOE+00
O.OOE+00
O.OOE+00
2.97E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.74E-14
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
1.39E+08
1.79E+08
1.63E+06
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
1.63E-04

O.OOE+00
O.OOE+OO
O.OOE+00
2.84E-05
3.06E-05
2.70E-05

O.OOE+00
O.OOE+00
O.OOE+00

90.0 d
0.OOE+00
O.OOE+00
O.OOE+00
2.97E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.23E+07
1.21 E+08
8.50E+05
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
4.44E-23
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

180.0 d
O.OOE+00
O.OOE+00
O.OOE+00
2.97E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.73E+07
5.36E+07
3.21 E+05
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

O.OOE
O.OOE
O.OOE
2.97E
O.OOE
O.OOE
O.OOE
O.OOE
O.OOE
O.OOE
O.OOE
O.OOE
O.OOE
O.OOE
O.OOE
O.OOE
O.OOE
O.OOE
3.671
7.921
4.32E
0.001
0.001
0.00O
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

d Oulation

3r
E+00 O.OOE+00
E+00 0.OOE+00
-+00 O.OOE+00
_+01 2.97E+01
_+00 O.OOE+00
-+00 O.OOE+00
E+00 O.OOE+00
E+00 O.OOE+00
E+00 O.OOE+00
E+00 O.OOE+00
E+00 O.OOE+O0
E+00 O.OOE+00
E+00 O.OOE+00
E+00 O.OOE+O0
E+00 O.OOE+00
E+00 O.OOE+00 Itl
E+00 O.OOE+00
E+00 O.OOE+00 a
E+06 1.35E+03 t
E+06 2.98E+03 a
E+04 1.59E+01 Z
E+00 O.OOE+OO
E+00 O.OOE+00 u
E+00 O.OOE+00 t'4
E+00 O.OOE+00 C
E+00 O.OOE+00 CO
E+00 O.OOE+00
E+O0 O.OOE+OO P
E+00 O.OOE+OO
E+00 0.OOE+00
E=+00 0.OOE+00

E+00 O.OOE+00 .A
E+00 O.OOE+OO
E+00 o.ooE+OOq
E+00 O.OOE+00 CD
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SQH Orce Term Analysis
Al 0 Fuel at EPU Conditions

PPL Revised G9 ulation
Table 3.1

Activity (Curies) per Full Core of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWd/MTU

Maximum Activity (4.25 wt/o U-235 and 4.50 wt% U-235)

Nuclide
zr 98
nb 98
nb 98m
rb 99
sr 99
y 99
zr 99
nb 99
nb 99m
mo 99
tc 99
tc 99m
sri 00
yi 00
zrlOO
nb1OO
nb100m
tcl 00
srl 01
yl01
zrlOl
nbl 01
mol01
tC10l
srl 02
y1 02
zrl 02
nblO2
mol02
tcl 02
tclO2m
yl 03
zrl 03
nbl 03
molO3

f
f
f
f
If
If
f
f
f

If
f
f
f
f
f
f
f

If
If
f
f
f

If
If

f
f
f
f
f
f
f
f
f
f
f

limit
enr

4.5
4.5

4.25
4.25

4.5
4.5
4.5
4.5
4.5

4.25
4.5
4.5

4.25
4.25
4.5
4.5

4.25
4.25
4.25

4.5
4.5

4.25
4.25
4.25
4.5
4.5
4.5

4.25
4.25
4.25
4.25
4.5

4.25
4.25
4.25

0.0 d
1.84E+08
1.86E+08
1.47E+06
4.46E+03
8.17E+06
6.59E+07
1.82E+08
1.18E+08
8.1OE+07
2.02E+08
2.21 E+03
1.79E+08
1.08E+06
2.13E+07
1.79E+08
1.94E+08
1.60E+07
5.05E+07
1.60E+05
1.05E+07
1.04E+08
1.74E+08
1.83E+08
1.83E+08
2.66E+04
4.78E+06
7.20E+07
1.47E+08
1.74E+08
1.74E+08
1.77E+05
1.41 E+06
2.67E+07
1.09E+08
1.69E+08

1 sec
1.82E+08
1.86E+08
1.47E+06
3.44E-02

6.33E+05
4.21 E+07
1.45E+08
1.17E+08
8.10E+07
2.02E+08
2.21 E+03
1.79E+08
3.47E+04
8.40E+06
1.63E+08
1.86E+08
1.27E+07
4.83E+07
4.45E+03
2.64E+06
7.52E+07
1.66E+08
1.83E+08
1.83E+08
2.37E+03
2.21 E+06
5.73E+07
1.12E+08
1.74E+08
1.74E+08
1.76E+05
9.70E+04
1.57E+07
7.62E+07
1.68E+08

30 min
4.22E-1 0
4.65E-10
9.78E+05
O.OOE+O0
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+O0
2.76E+04
2.01 E+08
2.21 E+03
1.79E+08
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+O0
O.OOE+O0
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+O0
O.OOE+O0
4.45E+07
1.06E+08
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+O0
2.77E+07
2.80E+07
1.49E+03
O.OOE+00
O.OOE+00
O.OOE+00
1.61 E+00

1 hr
9.24E-28
1.01 E-27

6.52E+05
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
9.24E+00
2.OOE+08
2.21 E+03
1.79E+08
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.07E+07
4.OOE+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
4.40E+06
4.43E+06
1.25E+01
O.OOE+00
O.OOE+00
O.OOE+00
1.51 E-08

8 hr
O.OOE+00
O.OOE+00
2.24E+03
0.OOE+00
O.OOE+O0
O.OOE+O0
O.OOE+00
0.OOE+00
0.OOE+00
1.86E+08
2.21 E+03
1.73E+08
O.OOE+00
0.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.35E-02
4.18E-01
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
2.85E-05
2.87E-05
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

1.0 d
O.OOE+00
O.OOE+O0
5.20E-03

O.OOE+O0
O.OOE+00
0.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
1.57E+08
2.21 E+03
1.51 E+08
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.77E-22
1.18E-20

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
0.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00

4.0 d 30.0 d
O.OOE+00 O.OOE+O0
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+0O O.OOE+00
O.OOE+00 O.OOE+00
0.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
7.37E+07 11.05E+05
2.21 E+03 2.22E+03
7.14E+07 1.01E+05
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+O0
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
0.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+0O 0.OOE+00
O.OOE+00 O.OOE+00
O.OOE+O0 O.OOE+O0
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00

90.0 d
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.79E-02
2.22E+03
2.70E-02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

180.0d 1 vr
0.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
0.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
3.84E-12 O.OOE+00
2.22E+03 2.22E+03
3.72E-12 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 0.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 0.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 0.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 0.OOE+00
O.OOE+O0 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00

30vr
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+OO
2.22E+03
O.OOE+00
O.OOE+OO!
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

Page 6 of 19



SQH *rce Term Analysis 0 PPL Revised fulation
A1O Fuel at EPU Conditions Table 3.1

Activity (Curies) per Full Core of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWd/MTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt/o U-235)
limit

Nuclide enr 0.Od 1 sec 30mi 1 hr 8hr 1.0d 4.0d 30.0d 90.0d 180.0d 1 vr 3vr
tc103 f 4.25 1.71E+08 1.71E+08 8.10E+00 7.64E-08 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00
rulO3 f 4.25 1.72E+08 1.72E+08 1.72E+08 1.71E+08 1.70E+08 1.69E+08 1.60E+08 1.01E+08 3.50E+07 7.15E+06 2.71E+05 6.80E-01
rh 1 03m f 4.25 1.71 E+08 1.71 E+08 1.71 E+08 1.71 E+08 1.70E+08 1.68E+08 1.60E+08 1.01 E+08 3.50E+07 7.14E+06 2.71 E+05 6.79E-01
yl04 f 4.25 4.13E+04 1.86E+02 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00
zrl04 f 4.25 8.02E+06 6.1OE+06 O.OOE+O0 O.OOE+00 O.OOE+OO O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00'
nblO4 f 4.25 5.13E+07 4.53E+07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
mol 04 f 4.25 1.34E+08 1.34E+08 1.31 E-01 1.21 E-1 0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+0O
tcl 04 f 4.25 1.41 E+08 1.41 E+08 4.80E+07 1.54E+07 1.89E+00 3.06E-16 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OQ O.OOE+00 O.OOE+0O
rh`104 f 4.25 1.01 E+08 9.93E+07 7.30E+04 6.06E+02 O.OOE+00 O.OOE+O0 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+O0 0
rh104m f 4.25 7.38E+06 7.36E+06 6.13E+04 5.08E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 '!
zr105 f 4.5 2.19E+06 5.35E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+O0 O.OOE+00 O.OOE+O0 O.OOE+00
nb105 f 4.25 2.07E+07 1.66E+07 O.OOE+O0 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 u
mol 05 f 4.25 9.86E+07 9.70E+07 6.09E-08 3.62E-23 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+00 O.OOE+00 t
tc105 f 4.25 1 .17E+08 1.17E+08 8.17E+06 5.28E+05 1.22E-1 1 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0 O.OOE+00
ru105 f 4.25 1.19E+08 1.19E+08 1.13E+08 1.05E+08 3.51 E+07 2.89E+06 3.78E+01 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 i
rh105 f 4.25 1.11E+08 1.1 1E+08 1.12E+08 1.12E+08 1.05E+08 8.02E+07 1.96E+07 9.55E+01 5.26E-11 1.74E-29 O.OOE+00 O.OOE+00
rh1 05m f 4.25 3.38E+07 3.38E+07 3.22E+07 2.99E+07 I.OOE+07 8.25E+05 1.08E+01 O.OOE+00 0.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00
zr106 f 4.25 1.12E+05 5.17E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 >
nbl06 f 4.25 4.20E+06 2.13E+06 O.OOE+0O O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+00 C
mol 06 f 4.25 5.62E+07 5.20E+07 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 C
tcl 06 f 4.25 8.48E+07 8.40E+07 9.09E-08 8.02E-23 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00
ru106 f 4.25 6.85E+07 6.85E+07 6.85E+07 6.85E+07 6.85E+07 6.84E+07 6.80E+07 6.48E+07 5.79E+07 4.90E+07 3.47E+07 8.86E+06 I
rh106 f 4.25 7.38E+07 7.37E+07 6.85E+07 6.85E+07 6.85E+07 6.84E+07 6.80E+07 6.48E+07 5.79E+07 4.90E+07 3.47E+07 8.86E+06 '
rh106m f 4.25 2.39E+06 2.39E+06 2.04E+06 1.74E+06 1.85E+05 1.11 E+03 1.10E-07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
nbl07 f 4.25 7.72E+05 3.1 1E+05 O.OOE+00 O.OOE+O0 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 <
mol07 f 4.25 2.33E+07 1.92E+07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
tc107 f 4.25 5.83E+07 5.71 E+07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 0.OOE+00
ru107 f 4.25 6.97E+07 6.96E+07 2.98E+05 1.16E+03 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00
rh1O7 f 4.25 6.98E+07 6.98E+07 3.29E+07 1.26E+07 1.88E+01 9.09E-13 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pdlO7m f 4.25 5.43E+05 5.26E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
nb108 f 4.25 2.41 E+04 1.38E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 g
mo108 f 4.25 3.54E+06 2.23E+06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OOMQ
tc108 f 4.25 2.07E+07 1.84E+07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 (D
ru108 f 4.25 4.49E+07 4.48E+07 4.70E+05 4.86E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 I
rh108 f 4.25 4.56E+07 4.55E+07 5.OOE+05 5.17E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 .

Page 7 of 19



SQH ce Term Analysis PPL Revised Si9 juation
Al 0 Fuel at EPU Conditions Table 3.1

Activity (Curies) per Full Core of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWdIMTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt% U-235)
limit

Nuclide enr 0.Od 1 sec 30min 1 hr 8hr 1.0d 4.0d 30.0d 90.0d 180.0d j vr vr
rhIO8m f 4.25 6.83E+05 6.82E+05 2.14E+04 6.67E+02 5.65E-19 O.OOE+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+00 O.OOE+OO
mo109 f 4.25 3.69E+05 2.25E+05 O.OOE+0O O.OOE+0O O.OOE+OO O.OOE+OO O.OOE+00 O.OOE+0O 0.OOE+OO O.OOE+00 0.OOE+OO O.OOE+O0
tcl 09 f 4.25 6.89E+06 4.31 E+06 O.OOE+0O 0.OOE+0O O.OOE+00 O.OOE+O0 O.OOE+00 0.OOE+OO O.OOE+OO O.OOE+00 O.OOE+OO O.OOE+OO
rul 09 f 4.25 3.00E+07 2.95E+07 1.01 E-08 3.28E-24 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+0O O.OOE+OO O.OOE+O0 O.OOE+OO
rhlO9 f 4.25 3.48E+07 3.47E+07 1.80E+01 3.03E-06 O.OOE+OO O.OOE+OO 0.OOE+OO O0.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO
rhlO9m f 4.25 1.73E+07 1.73E+07 7.72E-04 1.12E-14 0.OOE+0O O.OOE+0O O.OOE+00 O.OOE+0+ O.O.E+OO 0.OOE+OO O.OOE+0O O.OOE+OO
pd1O9 f 4.25 4.14E+07 4.14E+07 4.04E+07 3.94E+07 2.77E+07 1.23E+07 3.22E+05 6.26E-09 O.OOE+00 O.OOE+0O O.OOE+OO O.OOE+00
pdlO9m f 4.25 2.22E+05 2.22E+05 2.64E+03 3.13E+01 O.OOE+OO O.OOE+00 .OOOE+OO 0.OE+0O O.OOE+OO O.OOE+OO O.OOE+0O O.OOE+OO Z
ag109m f 4.25 4.14E+07 4.14E+07 4.04E+07 3.94E+07 2.77E+07 1.23E+07 3.22E+05 7.79E-02 7.12E-02 6.22E-02 4.71 E-02 1.57E-02
mo110 f 4.25 3.80E+04 2.96E+04 O.OOE+00 0O .OOE+OO O.OOE+OO 0.OOE+OO OO 00E+OO 0.OOE+00 .OOE+0O 0.OOE+OO O.0OE+OO
tcl 10 f 4.25 1.11 E+06 5.00E+05 O.OOE+0O O.OOE+0O O.OOE+00 0.OOE+OO O.OOE+00 .OOE+OO O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00
rul 10 f 4.25 9.78E+06 9.40E+06 O.OOE+0O O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.OOE+OO 0.OOE+0O 0.OOE+00 .OOE+O0 .OOE+OO
rhi 10 f 4.25 1.56E+06 1.25E+06 O.OOE+00 O.OOE+00 0.OE++O O0.OE++O 0.OOE+OO 0.OOE+OO 0.OOE+00 0.OOE+OO O.OOE+OO O.OOE+0O 2z

rhl l1Om f 4.25 1.14E+07 1 .13E+07 2.19E-12 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+O0 O.OOE+0O O.OOE+OO O.OOE+00 0.OOE+OO O.OOE+00
agilO f 4.25 1.87E+07 1.82E+07 6.23E+03 6.23E+03 6.23E+03 6.22E+03 6.17E+03 5.74E+03 4.86E+03 3.78E+03 2.26E+03 2.98E+02
agl 1 Om f 4.25 4.58E+05 4.58E+05 4.58E+05 4.58E+05 4.58E+05 4.57E+05 4.53E+05 4.22E+05 3.57E+05 2.78E+05 1.67E+05 2.19E+04
mol 11 f 4.25 3.11 E+03 7.01 E+02 O.OOE+0O O.OOE+00 O.OOE+OO O.O0E+OO 0.OOE+OO 0.OOE+OO O.OOE+OO O.OOE+0O O.OOE+0O O.OOE+OO
tc1l1 f 4.25 2.11 E+05 1.49E+05 O.OOE+0O 0.OOE+OO 0.OOE+OO O.OOE+OO O.OOE+OO O.OOE+0O O.OOE+0O O.OOE+OO O.OOE+OO 0.OOE+00
ru11 f 4.25 3.27E+06 2.18E+06 O.OOE+0O 0.OOE+OO O.OOE+OOE+OOOE+0O O.OEE++O 0.OOE+0O 0.OOE+O 0.OOE+OO O.OOE+00 O.OOE+00
rh111 f 4.25 6.24E+06 6.03E+06 O.OOE+0O O.OOE+0O O.OOE+OO O.OOE+00 O.OOE+00 0.OOE+OO O.OOE+OO O.OOE+00 O.OOE+0O O.OOE+OO
pdl 11 f 4.25 6.66E+06 6.66E+06 2.88E+06 1.29E+06 8.10E+04 1.08E+04 1.24E+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+00 O.OOE+OO
pd11 im f 4.25 2.83E+05 2.83E+05 2.65E+05 2.49E+05 1.03E+05 1.38E+04 1.57E+00 O.OOE+0O O.OOE+OO O.OOE+00 O.OOE+0O O.OOE+OO
ag1l1 f 4.25 6.72E+06 6.72E+06 6.71E+06 6.70E+06 6.52E+06 6.13E+06 4.65E+06 4.13E+05 1.56E+03 3.59E-01 1.18E-08 O.OOE+OO
ag11 im f 4.25 6.71 E+06 6.71 E+06 3.04E+06 1.39E+06 1.01 E+05 1.34E+04 1.54E+00 O.OOE+00 O.OOE+00 0.OOE+OO O.OOE+00 0.OOE+OO
cdliim f 4.25 2.50E+04 2.50E+04 1.63E+04 1.06E+04 2.66E+01 3.01 E-05 O.OOE+OO O0.OOE+OO 0.OOE+OO O.OOE+OO O.OOE+OO 0.OOE+00 }
tcl 12 f 4.25 3.21 E+04 6.59E+03 O.OOE+00 0.OOE+OO O.OOE+OO O0.OE+OO 0.OOE+OO O.OOE+00 O.OOE+0O O.OOE+0O O.OOE+OO O.OOE+OO
rul 12 f 4.25 1.05E+06 8.71 E+05 O.OOE+00 O.0OE+.OOE+OO+O O.OOE+00.OOE+OO+O O.E+O+O O.OE++OO O.OOE+OO O.OOE+00 O.OOE+0O
rh1 12 f 4.25 2.47E+06 1.90E+06 O.OOE+0O O.OOE+0O O.OOE+00 0.OOE+OO O.OOE+0O .OOE+0O O.OOE+OO 0.OOE+OO O.OOE+00 O.OOE+0O
pd1 12 f 4.25 3.02E+06 3.02E+06 2.97E+06 2.92E+06 2.32E+06 1.37E+06 1.28E+05 1.51 E-04 3.82E-25 O.OOE+00 0.OOE+O0 O.OOE+OO
agi 12 f 4.25 3.03E+06 3.03E+06 3.03E+06 3.02E+06 2.64E+06 1.60E+06 1.51 E+05 1.78E-04 4.49E-25 O.OOE+OO O.OOE+O0 O.OOE+00 0
in113m 1 4.25 3.47E+05 3.47E+05 3.47E+05 3.47E+05 3.46E+05 3.45E+05 3.39E+05 2.90E+05 2.02E+05 1.18E+05 3.85E+04 4.73E+02o I
sn113 1 4.25 3.47E+05 3.47E+05 3.47E+05 3.47E+05 3.46E+05 3.45E+05 3.38E+05 2.90E+05 2.02E+05 1.18E+05 3.84E+04 4.72E+02 CD
sn 13m I 4.25 1.1 3E+05 1.13E+05 4.27E+04 1.62E+04 2.OOE-02 6.26E-1 6 O.OOE+OO O.OOE+00 O.OOE+OO O.OOE+OO O.OOE+00 O.OOE+O w
tcl 13 f 4.25 6.77E+03 2.34E+03 O.OOE+0O O.OOE+0O O.OOE+OO O.O0E+.OOE+00E+O O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+00 O.O0E+OO I
rul 13 f 4.25 3.25E+05 2.59E+05 O.OOE+0O O.OOE+O0 O.OOE+OO O.OOE+OO E.OOE+00 O.OOE+OO 0.OOE+OO .0OOE+O0 0.OOE+OO O.OOE+OO
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SQH rce Term Analysis PPL Revised ulation
Al 0 Fuel at EPU Conditions Table 3.1

Activity (Curies) per Full Core of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Burnup to 39 GWd/MTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt% U-235)
limit

Nuclide enr 0.Od 1 sec 30min 1 hr 8hr 1.0d 4.0d 30.0d 90.0d 180.0d 1 yr 3vr
rhi 13 f 4.25 1.1T8E+06 7.02E+05 O.OOE+0O O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+0O O.OOE+00 O.OOE+OO O.OOE+00 .OOE+00
pdl 13 f 4.25 1.74E+06 1.73E+06 2.64E+00 3.91 E-06 O.OOE+00 O.OOE+OO O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ag1 13 f 4.25 1.69E+06 1.69E+06 1.60E+06 1.50E+06 6.05E+05 7.64E+04 7.05E+0O O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO
ag 13m f 4.25 3.38E+05 3.38E+05 1.86E+00 2.77E-06 O.OOE+0O O.OOE+00 O.OOE+OO O.OOE+O0 O.OOE+00 O.OOE+OO O.OOE+OO O.OOE+Od
cdl 13m f 4.25 4.33E+03 4.33E+03 4.33E+03 4.33E+03 4.33E+03 4.33E+03 4.33E+03 4.32E+03 4.29E+03 4.23E+03 4.13E+03 3.74E+03
inl 14 1 4.25 5.63E+04 5.62E+04 3.54E+04 3.54E+04 3.53E+04 3.50E+04 3.35E+04 2.33E+04 1.01 E+04 2.86E+03 2.13E+02 7.72E-03
inl 14m 1 4.25 3.71 E+04 3.71 E+04 3.71 E+04 3.71 E+04 3.69E+04 3.65E+04 3.51 E+04 2.44E+04 1.05E+04 2.98E+03 2.23E+02 8.1 OE-03
rul 14 f 4.25 1.08E+05 9.93E+04 O.OOE+00 0.OOE+00 O.OOE+O0 O.OOE+OO O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rh1 14 f 4.25 5.75E+05 4.17E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+00 O.OOE+00 O.OOE+00 t
pdl 14 f 4.25 1.32E+06 1.31 E+06 2.75E+02 5.65E-02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00
ag1 14 f 4.25 1.37E+06 1.36E+06 2.83E+02 5.83E-02 O.OOE+00 O.OOE+OO O.OOE+0O O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00
rul 15 f 4.25 2.32E+04 1.05E+04 O.OOE+O0 O.OOE+O0 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rh1 15 f 4.25 2.30E+05 2.13E+05 O.OOE+00 O.OOE+00 O.OOE+O0 0.OOE+00 O.OOE+00 O.OOE+0O O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 '

pd1 15 f 4.25 7.95E+05 7.79E+05 4.74E-09 2.58E-23 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 0.OOE+0O O.OOE+00 0.OOE+0O Z
ag1 15 f 4.25 6.26E+05 6.26E+05 2.28E+05 8.1OE+04 3.85E-02 1.37E-16 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+00 O.OOE+00
ag1 15m f 4.25 2.62E+05 2.60E+05 2.43E-09 1.32E-23 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 I

cdl 15 I f 4.25 9.02E+05 9.02E+05 8.94E+05 8.94E+05 8.17E+05 6.62E+05 2.61E+05 8.02E+01 6.26E-07 4.32E-19 O.OOE+00 O.OOE+00 1
cdl 15m f 4.25 4.20E+04 4.20E+04 4.19E+04 4.19E+04 4.18E+04 4.13E+04 3.95E+04 2.64E+04 1.04E+04 2.56E+03 1.44E+02 1.68E-03 C
inl 15m f 4.25 9.02E+05 9.02E+05 9.02E+05 9.02E+05 8.63E+05 7.21 E+05 2.84E+05 9.02E+01 1.15E+00 2.83E-01 1.59E-02 1.86E-07 C
rul 16 f 4.25 7.14E+03 4.74E+03 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00
rh1 16 f 4.25 1 .08E+05 5.51 E+04 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pdl 16 f 4.25 8.40E+05 8.02E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ag1 16 f 4.25 9.63E+05 9.63E+05 4.42E+02 1.89E-01 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0
ag1 16m f 4.25 1.21 E+05 1.14E+05 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+O0
inl 16 I f 4.25 1.61 E+05 1.54E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00
inl 16m f 4.25 6.06E+05 6.06E+05 4.13E+05 2.81 E+05 1.30E+03 5.99E-03 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rh1 17 f 4.25 4.20E+04 2.39E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pdl 17 f 4.25 5.69E+05 4.99E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ag1 17 f 4.25 5.07E+05 5.05E+05 1.91E-02 6.85E-10 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 -U
ag1 17m f 4.25 5.07E+05 4.78E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 S
cdl 17 f 4.25 8.86E+05 8.86E+05 7.79E+05 6.76E+05 9.63E+04 1.12E+03 2.22E-06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 CD
cdi 7m f 4.25 2.03E+05 2.03E+05 1.83E+05 1.66E+05 3.90E+04 1.44E+03 5.13E-04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00
inl 17 I f 4.25 6.62E+05 6.62E+05 6.56E+05 6.38E+05 2.02E+05 4.12E+03 6.63E-04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00
inl 17m f 4.25 8.1OE+05 8.1OE+05 8.02E+05 7.79E+05 2.34E+05 4.13E+03 2.74E-05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 4
sn 17m I f 4.25 2.49E+06 2.49E+06 2.49E+06 2.48E+06 2.44E+06 2.36E+06 2.03E+06 5.39E+05 2.53E+04 2.58E+02 2.04E-02 1.38E-1 8
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SQH Orce Term Analysis PPL Revised Oulation
A10 Fuel at EPU Conditions Table 3.1

Activity (Curies) per Full Core of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWd/MTU

Maximum Activity (4.25 wt%/o U-235 and 4.50 wt% U-235)
limit

Nuclide enr 0.Od 1 sec 30rmin 1 hr 8hr 1.0d 4.0d 30.Od 90.Od 180.0d 1 vr 3v
rh1 18 f 4.25 9.93E+03 1 .18E+03 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+0O O.OOE+O0 O.OOE+OO O.OOE+O0 O.OOE+00 O.OOE+00
pd1 18 f 4.25 2.73E+05 2.19E+05 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+OO O.OOE+OO O.OOE+00 O.OOE+00 O.OOE+00
agI 18 f 4.25 4.68E+05 4.31E+05 O.OOE+00 0.002+00 .OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+OO O.OOE+OO O.OOE+00
ag 18m f 4.25 3.32E+05 2.70E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cdl 18 f 4.25 8.17E+05 8.17E+05 5.43E+05 3.59E+05 1.1OE+03 1.98E-03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
Ml 18 I f 4.25 8.18E+05 8.18E+05 5.44E+05 3.60E+05 1.10E+03 1.98E-03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0 O.OOE+00 O.OOE+OO
rhi 19 f 4.25 3.15E+03 7.11E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0 O.OOE+00 O.OOE+00
pdl 19 f 4.25 1.28E+05 8.63E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
agI 19 f 4.25 5.1OE+05 3.95E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 M
cd1l19 f 4.25 5.65E+05 5.64E+05 2.51 E+02 1.1 OE-01 O.OOE+00 0.002+00 .OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 t
cd119m f 4.25 2.80E+05 2.78E+05 2.22E+01 1.73E-03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 N
Ml 19 I f 4.25 3.64E+05 3.64E+05 5.97E+03 1.73E+03 1.63E-04 1.44E-20 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+000
inl19m f 4.25 5.12E+05 5.12E+05 1.89E+05 5.97E+04 5.65E-03 4.98E-19 O.OOE+00 O.OOE+0 O.OOE+00 O.OOE+OO O.OOE+O0 O.OOE+O0 4
snI 19m I f 4.25 2.46E+06 2.46E+06 2.46E+06 2.46E+06 2.46E+06 2.45E+06 2.43E+06 2.29E+06 1.99E+06 1.60E+06 1.04E+06 1.84E+05 a
pd120 f 4.25 7.52E+04 6.30E+04 O.OOE+00 O.OOE+OO O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
agI20 f 4.25 3.57E+05 2.28E+05 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 0.OOE+O0
cd1 20 f 4.25 8.02E+05 7.95E+05 1.76E-05 3.77E-16 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+00 O.OOE+0O0
in120 f 4.25 8.17E+05 8.10E+05 1.88E-05 4.02E-16 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
inl 20m f 4.25 1.44E+04 1.42E+04 2.70E-08 5.OOE-20 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pd121 f 4.25 3.06E+04 1.05E+04 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 t
ag121 f 4.25 2.52E+05 1 .16E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cd121 f 4.25 7.95E+05 7.64E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
in121 f 4.25 7.72E+04 7.51E+04 5.40E+01 2.54E-01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
in121m f 4.25 8.10E+05 8.10E+05 4.06E+03 1.90E+01 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O ,
sn121 I f 4.25 1.54E+06 1.54E+06 1.52E+06 1.51E+06 1.26E+06 8.35E+05 1.32E+05 4.17E+02 4.16E+02 4.16E+02 4.12E+02 4.03E+02
sn121m 1 4.25 1.92E+02 1.92E+02 1.92E+02 1.92E+02 1.92E+02 1.92E+02 1.92E+02 1.92E+02 1.91E+02 1.91 E+02 1.89E+02 1.85E+02
pd122 f 4.25 9.93E+03 6.09E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ag122 f 4.25 1.30E+05 3.61E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cd1 22 f 4.25 8.48E+05 7.55E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00.
in122 f 4.25 9.47E+05 8.94E+05 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 0.00E+O0 O.OOE+OO j
inl 22m f 4.25 9.86E+04 9.24E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OtM
sb122 I f 4.25 2.13E+05 2.13E+05 2.12E+05 2.12E+05 1.96E+05 1.65E+05 7.65E+04 9.66E+01 1.98E-05 1.83E-15 O.OOE+00 O.OOE+00 0

sb1 22m I f 4.25 1.28E+04 1.27E+04 9.16E+01 6.53E-01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+OC S
te123m 1 4.25 9.70E+02 9.70E+02 9.70E+02 9.70E+02 9.70E+02 9.63E+02 9.47E+02 8.17E+02 5.76E+02 3.42E+02 1.17E+02 1.70E+OCj.
ag123 f 4.25 5.14E+04 9.09E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OC;
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SOH Orce Term Analysis
Al 0 Fuel at EPU Conditions

G
Table 3.1

PPL Revised Oulation

Activity (Curies) per Full Core of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWd/MTU

Maximum Activity (4.25 wt%/o U-235 and 4.50 wt% U-235)

Nuclide
cdl 23
in123
inl23m
sn123
snl23m
ag124
cdl 24
in124
sb124
sbl24m
agl 25
cd125
in125
inl25m
sn125
snl25m
sb125
tel 25m
ag126
cd126
in126
sb126
sbl26m
ag127
cdl 27
in127
inl27m
sn127
snl27m
sb127
te127
tel 27m
ag128
cdl28
in128

f
f
f

If
If

f
f
f

If
If

f
f
f
f

If
If
If
If
f
f
f

If
If
f
f
f
f
f
f

If
If
f
f
f

limit
enr
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25

0.0 d
5.51 E+05
7.07E+05
1.93E+05
1.36E+05
9.25E+05
3.90E+04
8.33E+05
1.57E+06
9.72E+04
1.93E+03
1.65E+04
4.98E+05
8.86E+05
6.84E+05
5.57E+05
2.07E+06
1.37E+06
3.03E+05
7.72E+03
6.1 OE+05
2.12E+06
4.64E+04
5.45E+04
4.29E+03
4.74E+05
1.93E+06
1.93E+06
3.78E+06
5.1 OE+06
9.40E+06
9.32E+06
1.59E+06
1.94E+03
4.12E+05
3.32E+06

1 sec
5.11 E+05
6.75E+05
1.92E+05
1.36E+05
9.25E+05
2.76E+03
3.91 E+05
1.38E+06
9.72E+04
1.91 E+03
2.08E+03
3.20E+05
7.27E+05
6.52E+05
5.57E+05
2.07E+06
1.37E+06
3.03E+05
5.97E+01
1 .55E+05
1.31 E+06
4.64E+04
5.45E+04
8.17E+01
1.41 E+05
1.11 E+06
1.62E+06
3.78E+06
5.1 OE+06
9.40E+06
9.32E+06
1.59E+06
1.22E+00
2.13E+05
1.69E+06

30 min
0.OOE+00
O.OOE+O0
1.03E-06
1.36E+05
5.53E+05
O.OOE+O0
O.OOE+00
O.OOE+00
9.72E+04
2.88E-03

O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
5.56E+05
2.35E+05
1.37E+06
3.03E+05
O.OOE+00
O.OOE+00
O.OOE+00
4.64E+04
1.83E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+OO
3.21 E+06
3.35E+04
9.40E+06
9.32E+06
1.59E+06
O.OOE+OO
O.OOE+00
O.OOE+00

1 hr
O.OOE+00
O.OOE+O0
4.71 E-1 8
1.36E+05
3.29E+05
O.OOE+00
O.OOE+00
O.OOE+00
9.72E+04
4.28E-09
O.OOE+O0
O.OOE+00
O.OOE+O0
O.OOE+00
5.55E+05
2.65E+04
1.37E+06
3.03E+05
O.OOE+00
O.OOE+00
O.OOE+00
4.64E+04
6.18E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.72E+06
2.17E+02
9.32E+06
9.32E+06
1.59E+06
O.OOE+00
O.OOE+00
O.OOE+00

8hr
O.OOE+00
O.OOE+00
O.OOE+00
1.36E+05
2.31 E+02
O.OOE+00
O.OOE+00
O.OOE+00
9.72E+04
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
5.44E+05
1.39E-09
1.37E+06
3.03E+05
O.OOE+00
O.OOE+0O
O.OOE+00
4.56E+04
8.33E+01
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+OO
2.70E+05
O.OOE+00
8.94E+06
9.24E+06
1.59E+06
O.OOE+0O
O.OOE+00
O.OOE+00

1.0 d
O.OOE+00
O.OOE+00
O.OOE+O0
1.35E+05
1.42E-05

0.OOE+00
O.OOE+00
O.OOE+O0
9.64E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
5.18E+05
O.OOE+00
1.37E+06
3.03E+05
O.OOE+00
O.OOE+00
O.OOE+00
4.39E+04
8.33E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+0O
1.38E+03
O.OOE+00
7.95E+06
8.63E+06
1.59E+06
O.OOE+00
O.OOE+00
O.OOE+00

4.0d
O.OOE+00
O.OOE+00
O.OOE+00
1.33E+05
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
9.31 E+04
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
4.18E+05
O.OOE+00
1.37E+06
3.04E+05
O.OOE+00
O.OOE+00
O.OOE+00
3.71 E+04
8.33E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
6.56E-08
O.OOE+00
4.61 E+06
5.78E+06
1.57E+06
O.OOE+00
O.OOE+00
O.OOE+00

30.0 d
O.OOE+00
O.OOE+00
O.OOE+0O
1.16E+05
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
6.89E+04
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
6.45E+04
O.OOE+00
1.35E+06
3.06E+05
O.OOE+00
O.OOE+00
O.OOE+00
8.68E+03
8.33E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
4.28E+04
1.38E+06
1.36E+06
O.OOE+00
O.OOE+00
O.OOE+00

90.0 d
O.OOE+00
O.OOE+00
O.OOE+O0
8.40E+04
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
3.45E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
8.61 E+02
O.OOE+00
1.29E+06
3.04E+05
O.OOE+00
O.OOE+00
O.OOE+00
3.15E+02
8.33E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
8.71 E-01
9.09E+05
9.32E+05
O.OOE+00
O.OOE+00
O.OOE+00

180.0 d
O.OOE+00
O.OOE+OO
O.OOE+O0
5.1 8E+04
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
1.22E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.33E+00
O.OOE+00
1.21 E+06
2.93E+05
O.OOE+00
O.OOE+00
O.OOE+00
1.36E+01
8.33E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.95E-08
5.13E+05
5.25E+05
O.OOE+00
O.OOE+00
O.OOE+00

1 vr
O.OOE+00
O.OOE+00
O.OOE+00
1.92E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+0O
1.45E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.19E-06
O.OOE+00
1.07E+06
2.61 E+05
O.OOE+00
O.OOE+O0
O.OOE+OO
1.16E+01
8.33E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.60E-22
1.58E+05
1.61 E+05
O.OOE+00
O.OOE+00
O.OOE+00

O.OOE+00
O.OOE+00
O.OOE+00
3.80E+02'
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
3.22E-01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
6.43E+05
1.57E+05
O.OOE+00
O.OOE+00
O.OOE+00
1.16E+01
8.33E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
1.52E+03
1.55E+03
O.OOE+00
O.OOE+00
O.OOE+00

CD
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SQH Orce Term Analysis
Al 0 Fuel at EPU Conditions

PPL Revised tOulation
Table 3.1

Activity (Curies) per Full Core of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWd/MTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt% U-235)

Nuclide
sn128
sb128
sbl28m
cdl 29
in129
sn129
snl29m
sb129
te129
tel 29m
xel29m
cdl3O
inl3O
sn130
sbl 30
sbl30m
i130
il3Om
cdl 31
inl3l
snl31
sbl31
tel31
tel31 m
il 31
xel 31 m
inl32
sn132
sb132
sbl32m
te132
i1 32
cs132
inl33
snl 33

limit
enr
4.25
4.25
4.25
4.25
4.25
4.25

4.5
4.25
4.25
4.25
4.25
4.25

4.5
4.5

4.25
4.5

4.25
4.25
4.25

4.5
4.5
4.5
4.5

4.25
4.5

4.25
4.25
4.25
4.25

4.5
4.5

4.25
4.25
4.25
4.25

0.0 d
1.51 E+07
1.61 E+06
1.60E+07
2.02E+05
3.81 E+06
1.35E+07
1.29E+07
3.47E+07
3.29E+07
6.66E+06
5.16E+03
7.41 E+04
2.74E+06
3.61 E+07
1.15E+07
4.82E+07
2.64E+06
1.41 E+06
1.15E+04
1.1 7E+06
3.07E+07
8.40E+07
9.09E+07
2.15E+07
1.07E+08
1.47E+06
3.07E+05
2.45E+07
5.08E+07
4.81 E+07
1.54E+08
1.57E+08
4.35E+03
9.63E+03
6.62E+06

1 sec
1.51 E+07
1.61 E+06
1.60E+07
1.98E+04
1.22E+06
1.34E+07
1.29E+07
3.47E+07
3.29E+07
6.66E+06
5.16E+03
1.73E+04
3.38E+05
3.59E+07
1.15E+07
4.81 E+07
2.64E+06
1.41 E+06
1.65E+01
9.02E+04
3.02E+07
8.40E+07
9.09E+07
2.15E+07
1.07E+08
1.47E+06
7.38E+03
2.41 E+07
5.07E+07
4.80E+07
1.54E+08
1.57E+08
4.35E+03
1.91 E+01
4.09E+06

30 min
1.07E+07
1.57E+06
1.26E+07
O.OOE+00
O.OOE+00
8.94E+02
5.80E+05
3.25E+07
3.26E+07
6.66E+06
5.15E+03
O.OOE+00
O.OOE+00
1.34E+05
6.82E+06
3.50E+06
2.58E+06
1.40E+05
O.OOE+00
O.OOE+00
3.94E-07
3.45E+07
6.98E+07
2.12E+07
1.07E+08
1.47E+06
O.OOE+00
7.01 E-07

3.60E+05
3.32E+04
1.54E+08
1.57E+08
4.35E+03
O.OOE+OO
O.OOE+OO

1 hr
7.50E+06
1.53E+06
9.09E+06
O.OOE+00
O.OOE+00
1.35E-01

2.60E+04
3.OOE+07
3.19E+07
6.66E+06
5.14E+03
O.OOE+00
O.OOE+00
5.02E+02
4.03E+06
1.35E+05
2.51 E+06
1.38E+04
O.OOE+00
O.OOE+00
4.99E-21
1.40E+07
4.42E+07
2.11 E+07
1.07E+08
1.47E+06
O.OOE+00
1.97E-20

2.54E+03
1.97E+01
1.53E+08
1.56E+08
4.33E+03
O.OOE+00
O.OOE+00

8 hr
5.44E+04
9.17E+05
6.61 E+04
O.OOE+00
O.OOE+00
1.03E-20
3.51 E-15

9.93E+06
1.53E+07
6.64E+06
5.03E+03
O.OOE+00
O.OOE+00
O.OOE+00
2.54E+03
1.16E-15
1.70E+06
1.24E-10
O.OOE+00
O.OOE+00
O.OOE+00
4.45E+01
4.03E+06
1.80E+07
1.05E+08
1.47E+06
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.44E+08
1.48E+08
4.20E+03
O.OOE+00
O.OOE+00

1.0 d
7.01 E-01
2.67E+05
8.48E-01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
8.02E+05
5.1OE+06
6.56E+06
4.78E+03
O.OOE+00
O.OOE+00
O.OOE+00
1.22E-04

O.OOE+00
6.91 E+05
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.21 E-11

2.79E+06
1.24E+07
1.OOE+08
1.45E+06
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.25E+08
1.28E+08
3.91 E+03
O.OOE+00
O.OOE+00

4.0 d
O.OOE+00
1.05E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
9.47E+00
3.95E+06
6.17E+06
3.77E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.22E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
5.28E+05
2.35E+06
7.87E+07
1.38E+06
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
6.59E+07
6.78E+07
2.83E+03
O.OOE+00
O.OOE+00

30.0 d
O.OOE+00
1.50E-18

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.31 E+06
3.61 E+06
4.97E+02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.79E-12

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.90E-01
1.28E+00
8.40E+06
5.05E+05
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.61 E+05
2.69E+05
1.76E+02
O.OOE+00
O.OOE+OO

90.0d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
6.71 E+05
1.05E+06
4.62E+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+OO
O.OOE+00
1.02E-15
4.56E-15
4.76E+04
2.OOE+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.46E-01
7.72E-01
2.87E-01
O.OOE+00
O.OOE+00

180.0d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.05E+05
1.63E+05
4.15E-03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.03E+01
1.11 E+02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.61 E-09
3.71 E-09
1.89E-05

O.OOE+00
O.OOE+00

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.0OE+00
O.OOE+00
2.29E+03
3.58E+03
2.21 E-09

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.35E-06
2.29E-03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.76E-26
2.84E-26
4.67E-14
O.OOE+00
O.OOE+00

3 vr
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+OO
6.54E-04
1.02E-03

0.002+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.54E-22
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

a)
M
.C_
I q
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SOH lOrce Term Analysis PPL Revised Oulation
Al0 Fuel at EPU Conditions Table 3.1

Activity (Curies) per Full Core of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Burnup to 39 GWdIMTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt% U-235)
limit

Nuclide enr 0.Od 1 sec 30rmin 1 hr 8hr 1.0d 4.0d 300.d 900d 180.0d 1 vr 3vr
sbl 33 f 4.5 6.96E+07 6.94E+07 1.70E+04 4.15E+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00
te133 f 4.5 1.20E+08 1.20E+08 3.66E+07 1.46E+07 5.53E+04 3.36E-01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
tel33m f 4.5 9.86E+07 9.86E+07 6.82E+07 4.69E+07 2.44E+05 1.49E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+O0
i1 33 f 4.5 2.22E+08 2.22E+08 2.20E+08 2.18E+08 1.74E+08 1.02E+08 9.24E+06 8.63E-03 1.25E-23 O.OOE+00 O.OOE+00 0.OOE+00
il 33m f 4.25 1.70E+07 1.64E+07 6.98E+06 4.80E+06 2.51 E+04 1.52E-01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+00
xel 33 f 4.5 2.12E+08 2.12E+08 2.12E+08 2.12E+08 2.12E+08 2.06E+08 1.51 E+08 4.99E+06 1.80E+03 1.22E-02 2.82E-13 O.OOE+O0
xel33m f 4.25 6.99E+06 6.99E+06 6.99E+06 6.98E+06 6.86E+06 6.29E+06 3.OOE+06 8.48E+02 4.78E-06 2.03E-18 O.OOE+0O O.OOE+O0 0
sn134 f 4.25 1.10E+06 5.66E+05 O.OOE+0O O.OOE+O0 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+0O.OOE+O0 O.OOE+00 O.OOE+00 c
sb134 f 4.5 1.26E+07 5.92E+06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+O0 O.OOE+00 O.OOE+O0
sbl34m f 4.5 9.32E+06 8.71 E+06 O.OOE+0O O.OOE+0O O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 t5
tel 34 f 4.5 1.95E+08 1.95E+08 1.18E+08 7.21 E+07 6.81 E+04 8.33E-03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+00 O.OOE+OO Z
i134 f 4.5 2.45E+08 2.45E+08 2.15E+08 1.75E+08 1.53E+06 5.71 E+OO O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+O0 O.OOE+00 :
il34m f 4.25 2.17E+07 2.16E+07 7.72E+04 2.76E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+O0 -

xel 34m f 4.25 5.90E+06 9.93E+05 1.79E+03 6.36E+O0 0.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O
cs134 f 4.25 2.30E+07 2.30E+07 2.30E+07 2.30E+07 2.30E+07 2.30E+07 2.29E+07 2.24E+07 2.12E+07 1.95E+07 1.64E+07 8.40E+06
csl 34m f 4.25 4.81 E+06 4.81 E+06 4.27E+06 3.79E+06 7.16E+05 1.59E+04 5.69E-04 O.OOE+O0 O.OOE+00 O.OOE+OO O.OOE+00 O.OOE+00
snl 35 f 4.25 9.40E+04 1.78E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
sbl 35 f 4.25 5.84E+06 3.90E+06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+O0 0.OOE+00
te135 f 4.5 1.06E+08 1.02E+08 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+O0
il 35 f 4.5 2.11 E+08 2.11 E+08 2.OOE+08 1.90E+08 9.09E+07 1.68E+07 8.40E+03 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00
xel35 f 4.5 7.03E+07 7.03E+07 7.56E+07 8.02E+07 1.01E+08 5.62E+07 4.OOE+05 1.18E-15 O.OOE+00 O.OOE+0O O.OOE+00 0.00E+00
xel35m f 4.25 4.63E+07 4.63E+07 3.58E+07 3.18E+07 1.48E+07 2.74E+06 1.38E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0
csl35m f 4.25 4.65E+06 4.65E+06 3.14E+06 2.12E+06 8.71E+03 3.08E-02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00
ba135m f 4.25 4.19E+04 4.19E+04 4.13E+04 4.09E+04 3.45E+04 2.35E+04 4.12E+03 1.17E-03 9.17E-19 O.OOE+00 O.OOE+00 O.OOE+00
sn136 f 4.25 8.1OE+03 3.07E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+O0 O.OOE+00 J

sbl 36 f 4.25 9.02E+05 3.89E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
tel 36 f 4.5 4.70E+07 4.52E+07 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
il 36 f 4.5 9.63E+07 9.55E+07 3.46E+01 1.1 OE-05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00
il36m f 4.5 4.71 E+07 4.65E+07 1.32E-04 3.67E-16 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00
csl 36 f 4.5 7.34E+06 7.34E+06 7.33E+06 7.33E+06 7.21 E+06 6.96E+06 5.94E+06 1.51 E+06 6.41 E+04 5.60E+02 3.24E-02 6.31 E-1 9 -U
bal36m f 4.5 8.40E+05 8.25E+05 8.17E+05 8.17E+05 8.1OE+05 7.79E+05 6.66E+05 1.70E+05 7.18E+03 6.27E+01 3.63E-03 7.07E-20 £)
sb137 f 4.5 8.40E+05 1.97E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
tel 37 f 4.5 1.57E+07 1.29E+07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00
il137 f 4.5 1.03E+08 1.01 E+08 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 j
xe137 f 4.5 2.02E+08 2.02E+08 9.24E+05 3.97E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
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SQH Orce Term Analysis
Al 0 Fuel at EPU Conditions

PPL Revised Oulation
Table 3.1

Activity (Curies) per Full Core of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWd/MTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt% U-235)

Nuclide
csl37
bal 37m
sb138
tel 38
i1 38
xel 38
cs138
csl38m
tel 39
i139
xe139
csl39
ba139
tel4O
i140
xel4O
csl40
bal4O
la140
prl40
i1 41
xel41
csl4l
bal4l
la141
cel41
i142
xe142
csl 42
ba142
lal 42
prl 42
ii 43
xel 43
csl 43

limit
enr

4.5
4.5

4.25
4.25

4.5
4.5
4.5

4.25
4.25

4.5
4.5
4.5
4.5

4.25
4.5
4.5
4.5
4.5
4.5

4.25
4.25

4.5
4.5
4.5
4.5
4.5

4.25
4.5
4.5
4.5
4.5

4.25
4.25
4.25
4.5

0.0 d
1.73E+07
1.65E+07
1.21 E+04
3.81 E+06
5.23E+07
1.89E+08
2.05E+08
8.79E+06
5.87E+05
2.49E+07
1.40E+08
1.90E+08
1.95E+08
8.40E+04
6.58E+06
9.70E+07
1.70E+08
1.96E+08
2.09E+08
3.19E+03
8.48E+05
3.71 E+07
1.30E+08
1.76E+08
1.78E+08
1.80E+08
2.58E+05
1.46E+07
7.54E+07
1.68E+08
1.74E+08
7.33E+06
2.61 E+03
2.19E+06
3.80E+07

1 sec
1.73E+07
1.65E+07
2.22E+02
2.32E+06
4.73E+07
1.89E+08
2.05E+08
8.71 E+06
1.77E+05
1.85E+07
1.38E+08
1.90E+08
1.95E+08
3.87E+04
2.96E+06
9.24E+07
1.70E+08
1.96E+08
2.09E+08
3.19E+03
1.87E+05
2.49E+07
1.28E+08
1.76E+08
1.78E+08
1.80E+08
8.17E+03
8.25E+06
5.38E+07
1.68E+08
1.74E+08
7.33E+06
4.61 E+02
1.06E+06
2.63E+07

30 min
1.73E+07
1.64E+07
O.OOE+00
O.OOE+00
O.OOE+00
4.32E+07
1.51 E+08
6.91 E+03
O.OOE+00
O.OOE+00
3.13E-06

2.13E+07
1.70E+08
O.OOE+00
O.OOE+00
O.OOE+O0
6.16E-01
1.96E+08
2.09E+08
6.93E+00
O.OOE+00
O.OOE+00
2.51 E-1 4

5.76E+07
1.72E+08
1.80E+08
O.OOE+00
O.OOE+00
O.OOE+00
2.37E+07
1.54E+08
7.20E+06
O.OOE+00
O.OOE+O0
O.OOE+00

1 hr
1.73E+07
1.64E+07
O.OOE+00
O.OOE+00
O.OOE+00
9.86E+06
8.94E+07
5.43E+00
O.OOE+00
O.OOE+00
6.85E-20
2.26E+06
1.34E+08
O.OOE+00
O.OOE+O0
O.OOE+00
1.91 E-09
1.96E+08
2.09E+08
1.50E-02

O.OOE+00
O.OOE+00
O.OOE+00
1.84E+07
1.60E+08
1.80E+08
O.OOE+O0
O.OOE+00
O.OOE+00
3.32E+06
1.24E+08
7.07E+06
O.OOE+00
O.OOE+00
O.OOE+00

8 hr
1.73E+07
1.64E+07
O.OOE+00
O.OOE+00
O.OOE+00
1.03E-02

1.1 5E+04
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+O0
5.20E-08
4.32E+06
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.93E+08
2.08E+08
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.21 E+00
4.70E+07
1.79E+08
O.OOE+00
O.OOE+00
O.OOE+00
3.93E-06
5.10E+06
5.49E+06
O.OOE+00
0.OOE+00
O.OOE+00

1.0d
1.73E+07
1.64E+07
O.OOE+00
O.OOE+00
O.OOE+00
3.09E-23
1.21 E-05

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.66E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.86E+08
2.03E+08
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.34E-16

2.77E+06
1.76E+08
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.42E+03
3.07E+06
O.OOE+00
O.OOE+00
O.OOE+00

4.0 d
1.73E+07
1.64E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.15E-13
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.57E+08
1.78E+08
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
8.17E+00
1.66E+08
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.82E-1 1
2.26E+05
O.OOE+00
O.OOE+00
O.OOE+00

30.0 d
1.73E+07
1.63E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.84E+07
4.42E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
9.55E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.38E-05

O.OOE+00
O.OOE+00
O.OOE+00

90.0 d
1.73E+07
1.63E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.47E+06
1.70E+06
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.64E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

180.0 d
1.72E+07
1.62E+07
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.11 E+04
1.28E+04
O.OOE+00
0.002+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.88E+06
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.002+00
O.OOE+00

1 vr
1.70E+07
1.60E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
4.69E-01
5.40E-01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.46E+04
O.OOE+00
O.OOE+00
0.00E+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

3 vr
1.62E+07
1.53E+07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.002+00
O.OOE+00
2.69E-18
3.1 OE-18
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.28E-02

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.00E+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
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SQH 9 rce Term Analysis PPL Revised Oulation
Al 0 Fuel at EPU Conditions Table 3.1

Activity (Curies) per Full Core of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWd/MTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt% U-235)
limit

Nuclide enr O.Od 1 sec 30min 1 hr 8hr 1.0d 4.0d 30.0d 90.0d 180.0d 1 vr 3 jr
bal43 f 4.5 1.44E+08 1.38E+08 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
lal43 f 4.5 1.65E+08 1.65E+08 3.86E+07 8.86E+06 1.02E-02 3.71 E-23 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ce143 f 4.5 1.67E+08 1.67E+08 1.66E+08 1.64E+08 1.42E+08 1.02E+08 2.24E+07 4.55E+01 3.32E-12 O.OOE+00 O.OOE+00 O.OOE+00
pr1 43 f 4.5 1.61 E+08 1.61 E+08 1.61 E+08 1.61 E+08 1.61 E+08 1.60E+08 1.44E+08 3.90E+07 1.82E+06 1.83E+04 1.41 E+00 8.71 E-1 7
xel 44 f 4.25 4.58E+05 2.44E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cs144 f 4.5 1.12E+07 5.79E+06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
bal44 f 4.5 1.12E+08 1.05E+08 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
lal 44 f 4.5 1.46E+08 1.45E+08 1.08E-05 6.01 E-1 9 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 t
ce144 f 4.5 1.51 E+08 1.51 E+08 1.51 E+08 1.51 E+08 1.51 E+08 1.51 E+08 1.50E+08 1.41 E+08 1.21 E+08 9.78E+07 6.22E+07 1.05E+07
pr1 44 f 4.5 1.52E+08 1.52E+08 1.51 E+08 1.51 E+08 1.51 E+08 1.51 E+08 1.50E+08 1.41 E+08 1.21 E+08 9.78E+07 6.22E+07 1.05E+07 m
prl44m f 4.5 2.12E+06 2.12E+06 2.12E+06 2.12E+06 2.12E+06 2.11E+06 2.09E+06 1.97E+06 1.70E+06 1.37E+06 8.71E+05 1.47E+05 a
xe145 f 4.25 4.57E+04 2.11 E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 I

cs145 f 4.25 2.70E+06 8.63E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 Z
ba145 f 4.5 4.97E+07 4.25E+07 O.OOE+00, O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
lal45 f 4.5 1.02E+08 1.OOE+08 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 ,
cel 45 f 4.5 1.1 3E+08 1.13E+08 1.31 E+05 1.31 E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 ~
pr145 f 4.5 1.13E+08 1.13E+08 1.08E+08 1.02E+08 4.53E+07 7.11E+06 1.70E+03 0.OOE+00 0.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 CM
xe146 f 4.25 4.03E+03 1.18E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 Q
cs146 f 4.5 5.78E+05 7.79E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ba146 f 4.5 2.54E+07 1.86E+07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
la146 f 4.5 6.59E+07 6.13E+07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ce146 f 4.5 9.02E+07 9.02E+07 1.95E+07 4.19E+06 1.86E-03 7.87E-25 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pr146 f 4.5 9.09E+07 9.09E+07 6.25E+07 3.16E+07 2.15E+02 2.31E-10 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 !4

cs147 f 4.25 1.28E+04 3.58E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00
bal 47 f 4.25 4.26E+06 1.58E+06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00
la147 f 4.5 2.87E+07 2.48E+07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ce147 f 4.5 6.81E+07 6.76E+07 1.75E-02 4.29E-12 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pr147 f 4.5 7.17E+07 7.17E+07 1.67E+07 3.61E+06 1.83E-03 1.03E-24 0.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ndl 47 f 4.5 7.24E+07 7.24E+07 7.23E+07 7.22E+07 7.09E+07 6.80E+07 5.62E+07 1.09E+07 2.47E+05 8.40E+02 7.02E-03 6.59E-23 -

pml47 f 4.5 2.51 E+07 2.51,E+07 2.51 E+07 2.51 E+07 2.51 E+07 2.51 E+07 2.52E+07 2.52E+07 2.43E+07 2.28E+07 1.99E+07 1.1 8E+07 Q)
cs148 f 4.25 2.33E+03 7.95E+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 o.ooE+oo o.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 a
bal 48 f 4.25 8.33E+05 2.66E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE1+00 O.OOE+00 O.OOE+00
la148 f 4.25 9.09E+06 4.90E+06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cel48 f 4.5 4.82E+07 4.77E+07 1.02E-02 2.15E-12 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 _
pr148 f 4.5 5.57E+07 5.56E+07 9.40E+03 9.86E-01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
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SQH irce Term Analysis PPL Revised 9 ulation
Al 0 Fuel at EPU Conditions Table 3.1

Activity (Curies) per Full Core of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Burnup to 39 GWd/MTU

Maximum Activity (4.25 wt/ 0h U-235 and 4.50 wt%/. U-235)
limit

Nuclide enr 0.0 d 1 sec 30 min 1 hr 8 hr 1.0 d 4.0 d 30.0 d 90.0 d 180.0 d 1 vr _3r
pm148 f 4.25 2.02E+07 2.02E+07 2.02E+07 2.01E+07 1.94E+07 1.78E+07 1.21 E+07 5.38E+05 4.55E+04 1.001E+04 4.46E+02 2.11 E-03
pml 48m f 4.5 3.88E+06 3.88E+06 3.88E+06 3.87E+06 3.86E+06 3.81 E+06 3.63E+06 2.35E+06 8.56E+05 1.89E+05 8.40E+03 4.OOE-02
ba149 f 4.25 9.17E+04 3.38E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
Ial 49 f 4.25 2.59E+06 1.96E+06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cel49 f 4.5 2.51 E+07 2.22E+07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pr1 49 f 4.25 3.85E+07 3.84E+07 4.OOE+03 4.03E-01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
nd149 f 4.25 4.16E+07 4.16E+07 3.47E+07 2.84E+07 1.70E+06 2.75E+03 7.49E-10 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pm149 f 4.25 6.46E+07 6.46E+07 6.44E+07 6.42E+07 5.94E+07 4.82E+07 1.89E+07 5.45E+03 3.72E-05 2.09E-17 O.OOE+00 O.OOE+00 Z
ba150 f 4.25 8.25E+03 4.OOE+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 j
lal 50 f 4.25 4.38E+05 1.44E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 T
ce150 f 4.25 1.14E+07 9.63E+06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 *
pr1 50 f 4.25 2.43E+07 2.28E+07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 N
pm150 f 4.25 5.53E+05 5.53E+05 4.87E+05 4.27E+05 6.99E+04 1.12E+03 9.09E-06 O.OOE+00 O.00E+00 0.OOE+00 .OOE+O0 O.OOE+00 w
Ial 51 f 4.25 7.27E+04 2.77E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 2
ce151 f 4.25 3.28E+06 t.68E+06 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 >'
prl 51 f 4.25 1.28E+07 1.25E+07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 '
ndl5l f 4.25 2.15E+07 2.15E+07 4.10E+06 7.72E+05 5.29E-05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 ~
pm151 f 4.25 2.17E+07 2.17E+07 2.15E+07 2.13E+07 1.80E+07 1.21E+07 2.10E+06 5.07E-01 2.73E-16 O.OOE+00 O.OOE+00 O.OOE+00 0
sm151 f 4.5 6.80E+04 6.80E+04 6.80E+04 6.80E+04 6.81E+04 6.83E+04 6.87E+04 6.87E+04 6.86E+04 6.85E+04 6.82E+04 6.72E+04
cel 52 f 4.25 4.26E+05 3.89E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pr1 52 f 4.25 4.35E+06 3.96E+06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ndl 52 f 4.25 1.44E+07 1.44E+07 2.33E+06 3.76E+05 3.06E-06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pm152 f 4.25 1.50E+07 1.50E+07 3.60E+06 5.88E+05 4.77E-06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pm152m f 4.25 5.37E+05 5.36E+05 3.38E+04 2.13E+03 3.28E-14 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
eul 52m f 4.5 2.48E+04 2.48E+04 2.38E+04 2.30E+04 1.37E+04 4.15E+03 1.96E+01 1.37E-19 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ce153 f 4.25 1.47E+05 9.17E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pr1 53 f 4.25 1.82E+06 1.57E+06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
nd153 f 4.25 8.25E+06 8.17E+06 7.95E-02 7.39E-10 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pm153 f 4.25 9.93E+06 9.93E+06 2.59E+05 5.50E+03 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
sm153 I f 4.25 5.31 E+07 5.31 E+07 5.27E+07 5.23E+07 4.71 E+07 3.71 E+07 1.26E+07 1.10E+03 4.73E-07 4.21 E-21 O.OOE+00 0.OOE+00 m
gd153 I f 4.25 8.13E+05 8.13E+05 8.13E+05 8.13E+05 8.13E+05 8.13E+05 8.05E+05 7.49E+05 6.30E+05 4.87E+05 2.86E+05 3.52E+04 0a
cel 54 f 4.25 1.51 E+04 1.06E+04 O.OOE+00 O.OOE+00 0,OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 CD
prl 54 f 4.25 3.58E+05 1.92E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
nd154 f 4.25 4.19E+06 4.12E+06 1.20E-07 3.37E-21 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 _
pm154 f 4.25 5.25E+06 5.24E+06 4.45E+01 2.49E-04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
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SQH 9 rce Term Analysis PPL Revised Oulation
Al 0 Fuel at EPU Conditions Table 3.1

Activity (Curies) per Full Core of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWdI/MTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt% U-235)
limit

Nuclide enr 0.0 d 1 sec 30 min 1 hr 8 hr 1.0 d 4.0 d 30.O d 90.0 d 180.0 d 1 vr 3 vr
pml54m f 4.25 1.06E+06 1.05E+06 4.54E+02 1.93E-01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
eu154 I f 4.25 1.06E+06 1.06E+06 1.06E+06 1.06E+06 1.06E+06 1.06E+06 1.06E+06 1.06E+06 1.04E+06 1.02E+06 9.77E+05 8.29E+05
gdl 55m 1 4.25 1.60E+04 2.96E-06 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pr155 f 4.25 7.72E+04 4.19E+04 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ndl 55 f 4.25 1.47E+06 1.41 E+06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pm155 f 4.25 3.32E+06 3.29E+06 2.18E-05 1.12E-16 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
sm1 55 I f 4.25 4.1 OE+06 4.1 OE+06 1.67E+06 6.58E+05 1.41 E+00 1.54E-13 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00
eul 55 I f 4.25 4.34E+05 4.34E+05 4.34E+05 4.34E+05 4.34E+05 4.34E+05 4.34E+05 4.29E+05 4.18E+05 4.04E+05 3.75E+05 2.78E+05
pr1 56 f 4.25 1.12E+04 1.84E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 t
ndl 56 f 4.25 5.38E+05 5.20E+05 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pm156 f 4.25 1.70E+06 1.64E+06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 *
sm156 f 4.25 2.57E+06 2.57E+06 2.48E+06 2.38E+06 1.42E+06 4.38E+05 2.16E+03 2.25E-17 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00
eul 56 I f 4.25 2.74E+07 2.74E+07 2.74E+07 2.73E+07 2.70E+07 2.62E+07 2.29E+07 6.98E+06 4.51 E+05 7.41 E+03 1.58E+00 5.20E-1 5
ndl 57 f 4.25 1.36E+05 1.02E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 Z
pml57 f 4.25 7.87E+05 7.79E+05 1.1 OE-03 1.52E-12 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 ,;b
sm157 f 4.25 1.62E+06 1.62E+06 1.32E+05 1.OOE+04 2.15E-12 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 *
eul 57 f 4.25 2.63E+06 2.63E+06 2.59E+06 2.53E+06 1.83E+06 8.86E+05 3.31 E+04 1.40E-08 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0
nd158 f 4.25 2.23E+04 1.73E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 C
pm158 f 4.25 2.15E+05 1.83E+05 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
sm158 f 4.25 8.48E+05 8.48E+05 1.95E+04 4.48E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00
eul 58 f 4.25 9.47E+05 9.47E+05 6.74E+05 4.30E+05 7.57E+02 3.83E-04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 t
ndl 59 f 4.25 1.96E+03 6.62E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00
pml 59 f 4.25 5.OOE+04 3.99E+04 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
sml 59 f 4.25 3.52E+05 3.51 E+05 1.60E+02 7.20E-02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
eul 59 f 4.25 4.81 E+05 4.81 E+05 1.72E+05 5.45E+04 5.64E-03 6.1 OE-1 9 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
gdl59 I f 4.25 2.74E+07 2.74E+07 2.69E+07 2.65E+07 2.04E+07 1.12E+07 7.61E+05 5.77E-05 0.OOE1+00 O.OOE+00 0.OOE+00 O.OOE+00
pml 60 f 4.25 5.54E+03 2.18E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
sm160 f 4.25 1 .05E+05 1.04E+05 3.61 E-03 1.23E-10 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
eu160 f 4.25 1 .93E+05 1.92E+05 9.17E-03 3.12E-10 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 -U

tbl 60 I f 4.25 7.20E+06 7.20E+06 7.19E+06 7.19E+06 7.17E+06 7.13E+06 6.92E+06 5.40E+06 3.03E+06 1.28E+06 2.17E+05 1.97E+02 C
sm161 f 4.25 2.28E+04 1.99E+04 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 aQ
eul 61 f 4.25 7.44E+04 7.35E+04 1.01 E-08 1.30E-21 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
gdl61 I f 4.25 3.27E+06 3.25E+06 1.12E+04 3.81EE+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 s
tbl61 I f 4.25 4.33E+06 4.33E+06 4.32E+06 4.31E+06 4.19E+06 3.92E+06 2.90E+06 2.13E+05 5.14E+02 6.09E-02 5.04E-10 O.OOE+00 _
sm162 f 4.25 3.19E+03 2.80E+03 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+00 O.OOE+00 ;
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SQH Qrce Term Analysis PPL Revised fulation
Al 0 Fuel at EPU Conditions Table 3.1

Activity (Curies) per Full Core of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Burnup to 39 GWdIMTU

Maximum Activity (4.25 wt%/o U-235 and 4.50 wt%/ U-235)
limit

Nuclide enr 0.Od 1 sec 30mi 1 hr 8hr 1.0d 4.0d 30.0d 90.0d 180.0d 1 vr 3vr
eul62 f 4.25 1.84E+04 1.83E+04 8.56E+00 3.92E-03 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+OO O.OOE+0 0O.OOE+0O O.OOE+0O
gd162 I f 4.25 4.22E+04 4.21E+04 4.28E+03 3.60E+02 3.20E-13 O.OOE+00 O.OOE+0O O.OOE+O0 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00
tbl 62 I f 4.25 4.29E+04 4.29E+04 1.34E+04 1.79E+03 4.06E-112 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+O0
eul 63 f 4.25 3.67E+03 3.36E+03 O.OOE+00 O.OOE+0O O.OOE+O0 O.OOE+O0 O.OOE+00 O.OOE+0O O.OOE+O0 O.OOE+O0 O.OOE+00 O.OOE+0O
gd163 f 4.25 1.47E+04 1.46E+04 2.18E-02 3.12E-08 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+O0 O.OOE+0O
tb1 63 f 4.25 1.68E+04 1.68E+04 6.24E+03 2.15E+03 7.05E-04 1.07E-1 8 O.OOE+O0 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00
gdl 64 f 4.25 4.36E+03 4.36E+03 1.67E+03 6.41 E+02 9.47E-04 4.45E-17 O.OOE+00 O.OOE+OO O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+O0 Z
tb164 f 4.25 6.03E+03 6.02E+03 1.94E+03 7.44E+02 1.1OE-03 5.16E-17 O.OOE+OO O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 T
tbl65 f 4.25 2.05E+03 2.04E+03 1.33E-01 6.94E-06 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 !
dyl 65 I f 4.25 5.38E+05 5.38E+05 4.66E+05 4.02E+05 5.03E+04 4.34E+02 2.25E-07 O.OOE+00 O.OOE+OO O.OOE+OO O.OOE+00 O.OOE+00 '
dyl 65m I f 4.25 3.46E+05 3.43E+05 3.05E-01 1.48E-05 O.OOE+OO O.OOE+0O O.OOE+O0 O.OOE+0O O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00
dyl 66 1 4.25 2.09E+03 2.09E+03 2.09E+03 2.08E+03 1.96E+03 1.71 E+03 9.24E+02 4.63E+00 2.26E-05 2.44E-13 1.74E-29 0.OOE+OO '
hol 66 I f 4.25 8.58E+04 8.58E+04 8.41 E+04 8.33E+04 6.99E+04 4.69E+04 8.43E+03 8.10E+00 3.95E-05 4.26E-13 1.74E-29 0.OOE+00 Z
erl67m 1 4.25 1.14E+03 8.40E+02 O.OOE+O0 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
hf175 1 4.25 3.62E+03 3.62E+03 3.62E+03 3.62E+03 3.61 E+03 3.58E+03 3.48E+03 2.69E+03 1.49E+03 6.10E+02 9.78E+01 7.05E-02 *
lul 76m 1 4.25 1.64E+03 1.64E+03 1.50E+03 1.36E+03 3.58E+02 1.70E+01 11.86E-05 O.OOE+0O O.OOE+O0 O.OOE+0O O.OOE+O0O O.OOE+00
lu177 1 4.25 6.84E+02 6.84E+02 6.82E+02 6.81E+02 6.60E+02 6.17E+02 4.52E+02 3.12E+01 3.46E-01 1.93E-01 8.63E-02 3.72E-03
hf 1 78m 1 4.25 3.46E+02 2.90E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 Q
hf179m 1 4.5 3.98E+05 3.84E+05 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
hf180m 1 4.25 1.12E+04 1.12E+04 1.05E+04 9.86E+03 4.10E+03 5.45E+02 6.24E-02 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00
hf 181 1 4.25 2.38E+05 2.38E+05 2.38E+05 2.38E+05 2.37E+05 2.35E+05 2.23E+05 1.46E+05 5.47E+04 1.25E+04 6.07E+02 3.93E-03
W1 81 1 4.25 1.42E+03 1.42E+03 1.42E+03 1.42E+03 1.42E+03 1.41 E+03 1 .39E+03 1.20E+03 8.48E+02 5.09E+02 1.76E+02 2.70E+00
ta182 1 4.25 2.59E+04 2.59E+04 2.59E+04 2.59E+04 2.59E+04 2.57E+04 2.53E+04 2.16E+04 1.51E+04 8.79E+03 2.87E+03 3.51E+01
ta182m 1 4.25 4.18E+01 4.18E+01 1.12E+01 3.03E+00 3.13E-08 1.75E-26 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
tal 83 1 4.25 5.46E+04 5.46E+04 5.45E+04 5.43E+04 5.23E+04 4.77E+04 3.17E+04 9.32E+02 2.69E-01 1.32E-06 1.57E-1 7 O.OOE+00
w183m 1 4.25 6.40E+04 6.29E+04 5.45E+04 5.43E+04 5.23E+04 4.77E+04 3.17E+04 9.32E+02 2.69E-01 11.32E-06 1.57E-17 O.OOE+00
wi 85 1 4.25 3.52E+04 3.52E+04 3.52E+04 3.52E+04 3.51 E+04 3.49E+04 3.39E+04 2.67E+04 1.54E+04 6.69E+03 1.21 E+03 1.43E+00
wi85m 1 4.25 7.55E+01 7.49E+01 2.96E-04 1.15E-09 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0
re186 1 4.25 2.58E+04 2.58E+04 2.57E+04 2.56E+04 2.43E+04 2.15E+04 1.24E+04 1.05E+02 1.73E-03 1.16E-10 1.99E-25 0.OOE+00
w1 87 1 4.25 4.42E+05 4.42E+05 4.36E+05 4.30E+05 3.51 E+05 2.21 E+05 2.74E+04 3.77E-04 2.75E-22 O.OOE+00 O.OOE+00 O.OOE+00 X
wi 88 1 4.25 1 .96E+03 1.96E+03 1.96E+03 1.96E+03 1.96E+03 1.94E+03 1.89E+03 1.45E+03 8.02E+02 3.25E+02 5.12E+01 3.49E-02 aQ
rel 88 1 4.25 1 .73E+05 1.73E+05 1.72E+05 1.69E+05 1.28E+05 6.75E+04 5.37E+03 1.47E+03 8.10E+02 3.29E+02 5.17E+01 3.52E-02
rel 88m 1 4.25 1 .68E+05 1.67E+05 5.49E+04 1.80E+04 2.86E-03 8.33E-19 O.OOE+00 O.OOE+O0 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 W
osl91 1 4.25 7.72E+01 7.72E+01 7.64E+01 7.64E+01 7.63E+01 7.49E+01 6.59E+01 2.05E+01 1.38E+00 2.40E-02 5.75E-06 3.06E-20 _
os191m 1 4.25 5.82E+01 5.82E+01 5.67E+01 5.52E+01 3.81E+01 1.63E+01 3.62E-01 1.66E-15 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 tw
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SQH Orce Term Analysis
Al 0 Fuel at EPU Conditions

PPL Revised ulation
Table 3.1

Activity (Curies) per Full Core of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWd/MTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt% U-235)

Nuclide
ir192
np236m
u237
pu237
np238
pu238
u239
np239
pu239
np240
pu240
pu241
am241
am242m
am242
cm242
pu243
am243
cm243
am244
cm244

limit
enr

1 4.25
4.25

4.5
4.25
4.25
4.25
4.25
4.25

4.5
4.25
4.25
4.25

4.5
4.5

4.25
4.25
4.25
4.25
4.25
4.25
4.25

0.0 d
3.01 E+01
4.84E+02
1.OOE+08
6.71 E+02
4.70E+07
4.56E+05
2.12E+09
2.12E+09
4.83E+04
3.93E+06
7.79E+04
1.92E+07
2.54E+04
1.66E+03
1.14E+07
6.67E+06
4.19E+07
3.12E+03
2.87E+03
1.38E+07
3.90E+05

1 sec
3.01 E+01
4.84E+02
1.OOE+08
6.71 E+02
4.70E+07
4.56E+05
2.12E+09
2.12E+09
4.83E+04
3.93E+06
7.79E+04
1.92E+07
2.54E+04
1.66E+03
1.14E+07
6.67E+06
4.19E+07
3.12E+03
2.87E+03
1.38E+07
3.90E+05

30 min
3.01 E+01
4.77E+02
1.OOE+08
6.70E+02
4.67E+07
4.56E+05
8.79E+08
2.12E+09
4.83E+04
2.81 E+06
7.79E+04
1.92E+07
2.54E+04
1.66E+03
1.12E+07
6.67E+06
3.90E+07
3.12E+03
2.87E+03
1.33E+07
3.90E+05

1 hr
3.01 E+01
4.70E+02
9.93E+07
6.70E+02
4.64E+07
4.56E+05
3.61 E+08
2.11 E+09
4.83E+04
2.01 E+06
7.79E+04
1.92E+07
2.54E+04
1.66E+03
1.09E+07
6.67E+06
3.64E+07
3.12E+03
2.87E+03
1.29E+07
3.90E+05

8 hr
3.00E+01
3.78E+02
9.70E+07
6.67E+02
4.22E+07
4.56E+05
1.47E+03
1.93E+09
4.83E+04
1.82E+04
7.79E+04
1.92E+07
2.54E+04
1.66E+03
8.1 OE+06
6.67E+06
1.37E+07
3.12E+03
2.87E+03
7.95E+06
3.90E+05

1.0 d
2.98E+01
2.31 E+02
9.02E+07
6.60E+02
3.39E+07
4.57E+05
7.16E-10
1.59E+09
4.84E+04
3.90E-01

7.79E+04
1.92E+07
2.55E+04
1.66E+03
4.04E+06
6.66E+06
1.46E+06
3.13E+03
2.87E+03
2.66E+06
3.90E+05

4.0 d
2.90E+01
2.51 E+01
6.64E+07
6.30E+02
1.27E+07
4.58E+05
O.OOE+00
6.59E+08
4.87E+04
6.20E-16
7.79E+04
1.92E+07
2.57E+04
1.66E+03
1.81 E+05
6.59E+06
6.17E+01
3.13E+03
2.87E+03
1.90E+04
3.90E+05

30.0 d
2.27E+01
1.13E-07

4.60E+06
4.23E+02
2.55E+03
4.63E+05
O.OOE+00
3.16E+05
4.88E+04
7.40E-16
7.79E+04
1.91 E+07
2.79E+04
1.66E+03
1.65E+03
5.91 E+06
3.93E-05
3.13E+03
2.87E+03
4.79E-15
3.89E+05

90.0 d
1.29E+01
6.12E-27
1.02E+04
1.69E+02
7.44E+00
4.69E+05
O.OOE+00
3.13E+03
4.88E+04
1.01 E-15
7.79E+04
1.89E+07
3.29E+04
1.65E+03
1.64E+03
4.58E+06
3.93E-05
3.13E+03
2.86E+03
O.OOE+00
3.87E+05

180.0 d
5.55E+00
O.OOE+00
4.48E+02
4.23E+01
7.43E+00
4.75E+05
O.OOE+00
3.13E+03
4.88E+04
1.41 E-15

7.79E+04
1.87E+07
4.02E+04
1.65E+03
1.64E+03
3.12E+06
3.93E-05
3.13E+03
2.84E+03
O.OOE+00
3.83E+05

1 yr
9.78E-01

O.OOE+00
4.37E+02
2.47E+00
7.41 E+00
4.82E+05
O.OOE+00
3.13E+03
4.88E+04
2.25E-15
7.79E+04
1.83E+07
5.51 E+04
1.65E+03
1.64E+03
1.42E+06
3.93E-05
3.13E+03
2.80E+03
O.OOE+00
3.76E+05

3vyr
1.06E-03

O.OOE+00
3.97E+02
3.35E-05
7.34E+00
4.81 E+05
O.OOE+00
3.13E+03 -

4.88E+04
5.53E-15
7.79E+04
1.66E+07
1.11 E+05
1.63E+03 '

1.62E+03
6.47E+04
3.93E-05
3.13E+03
2.67E+03
O.OOE+O
3.48E+05

tQ

CD-

O .

19 of 19Page,



SQH Wce Term Analysis PPL Revised §ulation
A10 Fuel at EPU Conditions Table 3.2

Mass (grams) per Full Core of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWd/MTU

Maximum Isotopic Mass (4.25 wt0/% U-235 and 4.50 wt/o U-235)
limit

Nuclide enr 0.Od 1 sec 30mmin 1 hr 8 1.Od 4.0d 30.0d 90.0d 180.0d 1 vr 3v r
h 1 4.5 1 3.73E+05 3.73E+05 3.73E+05 3.73E+05 3.73E+05 3.73E+05 3.73E+05 3.73E+05 3.73E+05 3.73E+05 3.73E+05 3.73E+05
h 2 4.25 1 5.0OE+02 5.00E+02 5.00E+02 5.00E+02 5.OOE+02 5.OOE+02 5.0OE+02 5.00E+02 5.OOE+02 5.OOE+02 5.00E+02 5.OOE+02
h 3 4.25 f 7.87E+00 7.87E+00 7.87E+00 7.87E+OO 7.87E+00 7.87E+00 7.87E+00 7.79E+00 7.72E+00 7.62E+00 7.41 E+00 6.62E+00
he 4 4.25 a I 6.88E+01 6.88E+01 6.88E+01 6.88E+01 6.89E+01 6.90E+01 6.95E+01 7.35E+01 8.14E+01 9.1 0E+01 1.03E+02 1.26E+02
o 16 4.5 1 6.10E+04 6.10E+04 6.10E+04 6.10E+04 6.10E+04 6.1OE+04 6.1OE+04 6.10E+04 6.1OE+04 6.10E+04 6.10E+04 6.10E+04
o 17 4.5 1 2.47E+01 2.47E+01 2.47E+01 2.47E+01 2.47E+01 2.47E+01 2.47E+01 2.47E+01 2.47E+01 2.47E+01 2.47E+01 2.47E+01
o 18 4.5 1 1.41 E+02 1.41 E+02 1.41 E+02 1.41 E+02 1.41 E+02 1.41 E+02 1.41 E+02 1.41E+02 1.41 E+02 1.41 E+02 1.41 E+02 1.41 E+02
mg 24 4.5 1 1.19E+03 1.19E+03 1.19E+03 1.19E+03 1.19E+03 1.19E+03 1.19E+03 1.19E+03 1.19E+03 1.19E+03 1.19E+03 1.19E+03
mg 25 4.5 1 1.57E+02 1.57E+02 1.57E+02 1.57E+02 1.57E+02 1.57E+02 1.57E+02 1.57E+02 1.57E+02 1.57E+02 1.57E+02 1.57E+02
mg 26 4.5 1 1.80E+02 1.80E+02 1.80E+02 1.80E+02 1.80E+02 1.80E+02 1.80E+02 1.80E+02 1.80E+02 1.80E+02 1.80E+02 1.80E+02
al 27 4.5 1 4.58E+03 4.58E+03 4.58E+03 4.58E+03 4.58E+03 4.58E+03 4.58E+03 4.58E+03 4.58E+03 4.58E+03 4.58E+03 4.58E+03
si 28 4.5 1 6.67E+03 6.67E+03 6.67E+03 6.67E+03 6.67E+03 6.67E+03 6.67E+03 6.67E+03 6.67E+03 6.67E+03 6.67E+03 6.67E+03
si 29 4.5 1 3.52E+02 3.52E+02 3.52E+02 3.52E+02 3.52E+02 3.52E+02 3.52E+02 3.52E+02 3.52E+02 3.52E+02 3.52E+02 3.52E+02
si 30 4.5 ! 2.40E+02 2.40E+02 2.40E+02 2.40E+02 2.40E+02 2.40E+02 2.40E+02 2.40E+02 2.40E+02 2.40E+02 2.40E+02 2.40E+02
v 50 4.25 1 1.21 E+01 1.21 E+01 1.21 E+01 1.21 E+01 1.21 E+01 1.21 E+01 1.21 E+01 1.21 E+01 1.21 E+01 1.21 E+01 1.21 E+01 1.21 E+01
cr 50 4.5 1 4.86E+04 4.86E+04 4.86E+04 4.86E+04 4.86E+04 4.86E+04 4.86E+04 4.86E+04 4.86E+04 4.86E+04 4.86E+04 4.86E+04
v 51 4.25 1 1.61 E+03 1.61 E+03 1.61 E+03 1.61 E+03 1.61 E+03 1.61 E+03 1.62E+03 1.64E+03 1.67E+03 1.67E+03 1.67E+03 1.67E+03
cr 51 4.25 1 6.11 E+01 6.11 E+01 6.11 E+01 6.11 E+01 6.07E+01 5.97E+01 5.53E+01 2.89E+01 6.43E+00 6.78E-01 6.58E-03 7.62E-1 1
cr 52 4.5 1 1.OOE+06 1.OOE+06 1.OOE+06 1.OOE+06 1.OOE+06 1.OOE+06 1.OOE+06 1.OOE+06 1.OOE+06 1 .OOE+06 1.OOE+06 1.OOE+06
cr 53 4.5 1 1.14E+05 1.14E+05 1.14E+05 1.14E+05 1.14E+05 1.14E+05 1.14E+05 1.14E+05 1.14E+05 1.14E+05 1.14E+05 1.14E+05
cr 54 4.25 1 3.40E+04 3.40E+04 3.40E+04 3.40E+04 3.40E+04 3.40E+04 3.40E+04 3.40E+04 3.40E+04 3.40E+04 3.40E+04 3.40E+04
mn 54 4.25 1 5.52E+01 5.52E+01 5.52E+01 5.52E+01 5.51E+01 5.50E+01 5.46E+01 5.16E+01 4.52E+01 3.70E+01 2.45E+01 4.84E+00
fe 54 4.5 1 2.39E+05 2.39E+05 2.39E+05 2.39E+05 2.39E+05 2.39E+05 2.39E+05 2.39E+05 2.39E+05 2.39E+05 2.39E+05 2.39E+05
mn 55 4.5 1 9.63E+04 9.63E+04 9.63E+04 9.63E+04 9.63E+04 9.63E+04 9.63E+04 9.63E+04 9.63E+04 9.63E+04 9.63E+04 9.63E+04
fe 55 4.25 I 8.02E+02 8.02E+02 8.02E+02 8.02E+02 8.02E+02 8.02E+02 7.95E+02 7.87E+02 7.52E+02 7.06E+02 6.21 E+02 3.74E+02
fe 56 4.5 1 3.92E+06 3.92E+06 3.92E+06 3.92E+06 3.92E+06 3.92E+06 3.92E+06 3.92E+06 3.92E+06 3.92E+06 3.92E+06 3.92E+06
fe 57 4.25 1 1.16E+05 1.16E+05 1.16E+05 1.16E+05 1.16E+05 1.16E+05 1.16E+05 1.16E+05 1.16E+05 1.16E+05 1.16E+05 1.16E+05
fe 58 4.25 1 1.37E+04 1.37E+04 1.37E+04 1.37E+04 1.37E+04 1 .37E+04 1.37E+04 1.37E+04 1.37E+04 1.37E+04 1.37E+04 1.37E+04
co 58 4.25 1 1.86E+01 1.86E+01 1.86E+01 1.86E+01 1.86E+01 1.84E+01 1.79E+01 1.39E+01 7.72E+00 3.21E+00 5.24E-01 4.16E-04
ni 58 4.5 1 3.81 E+05 3.81 E+05 3.81 E+05 3.81 E+05 3.81 E+05 3.81 E+05 3.81 E+05 3.81 E+05 3.81 E+05 3.81 E+05 3.81 E+05 3.81 E+05
co 59 4.5 1 2.36E+03 2.36E+03 2.36E+03 2.36E+03 2.36E+03 2.36E+03 2.36E+03 2.36E+03 2.36E+03 2.36E+03 2.36E+03 2.36E+03
ni 59 4.25 1 3.19E+03 3.19E+03 3.19E+03 3.19E+03 3.19E+03 3.19E+03 3.19E+03 3.19E+03 3.19E+03 3.19E+03 3.19E+03 3.19E+03
co 60 4.25 1 2.82E+02 2.82E+02 2.82E+02 2.82E+02 2.82E+02 2.82E+02 2.81 E+02 2.79E+02 2.73E+02 2.64E+02 2.48E+02 1.90E+02
ni 60 4.5 1 1.52E+05 1.52E+05 1.52E+05 1.52E+05 1.52E+05 1.52E+05 1.52E+05 1.52E+05 1.52E+05 1.52E+05 1.52E+05 1.52E+05
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SQH Orce Term Analysis
Al 0 Fuel at EPU Conditions

PPL Revised Dulation
Table 3.2

Mass (grams) per Full Core of ATRIUM-i 0 Fuel.- Sum of Actinides, Fission Products and Light Elements
Decay time Following Burnup to 39 GWd/MTU

Maximum Isotopic Mass (4.25 wtc U-235 and 4.50 Mc%~ U-235)

Nuclide
ni 61
ni 62
ni 63
cu 63
ni 64
cu 65
ge 72
ge 73
ge 74
as 75
ge 76
se 76
se 77
se 78
se 79
se 80
br 8l
se 82
kr 82
wi 83
br 83
kr 83
kr 83m
wi 84
kr 84
kr 85
kr 85m
rb 85
wi 86
kr 86
rb 86
sr 86
kr 87
rb 87

limit
enr
4.25
4.5

4.25
4.25

4.5
4.25
4.25
4.25
4.25

4.5
4.5

4.25
4.5
4.5
4.5
4.5
4.5
4.5

4.25
4.5
4.5
4.5
4.5

4.25,
4.5
4.5
4.5
4.5
4.5
4.5

4.25
4.25
4.5
4.5

0.0 d
I7.60E+03
I2.1 1E+04
I6.26E+02
I7.47E+00
I5.65E+03
I2.09E+01
f 7.64E-01
f 2.33E+00
f 2.06E+00
f 1.88E+01
f 5.84E+01

f6.06E-01
f 1.31 E+02
f 4.19E+02
f 8.022+02
f 2.25E+03
f 3.31 E+03
f 5.45E+03
f 1.04E+02

I 1.21 E+03
f 8.17E-01
f 7.10E+03
f 6.31 E-01

I 2.15E+03
f 1 .93E+04
f 3.78E+03
f 3.25E+00
f 1.60E+04
I1. 12E+03

f 3.16E+04
f 2.66E+00
f 6.17E+01
f 1.89E+00
f 4.13E+04

1 sec
7.60E+03
2.1 1E+04
6.26E+02
7.47E+00
5.65E+03
2.09E+01
7.64E-01
2.33E+00
2.06E+00
1 .88E+01
5.84E+01
6.06E-01
1.31 E+02
4.1 9E+02
8.02E+02
2.25E+03
3.31 E+03
5.45E+03
1.04E+02
1.21 E+03
8.1 7E-01
7.10OE+03
6.31 E-01
2.15E+03
1.93E+04
3.78E+03
3.25E+00
1 .60E+04
1.122+03
3.16E+04
2.66E+00
6.17E+01
1 .89E+00
4.13E+04

30 min
7.60E+03
2.1 12+04
6.26E+02
7.47E+00
5.65E+03
2.09E+01
7.64E-01

2.33E+00
2.06E+00
1.88E+01
5.84E+01
6.06E-01
1.31 E+02
4.1 9E+02
8.02E+02
2.25E+03
3.31 E+03
5.45E+03
1.04E+02
1.21 E+03
7.47E-01
7.10OE+03
6.26E-01
2.1 5E+03
1 .93E+04
3.78E+03
3.05E+00
1.60E+04
1 .12E+03
3.1 6E+04
2.66E+00
6.1 7E+01
1.46E+00
4.1 3E+04

1 hr
7.60E+03
2.1 12+04
6.26E+02
7.47E+00
5.65E+03
2.09E+01
7.64E-01

2.33E+00
2.06E+00
1 .88E+01
5.84E+01
6.06E-01
1.31 E+02
4.1 9E+02
8.02E+02
2.252+03
3.31 E+03
5.45E+03
1.04E+02
1.21 E+03
6.60E-01

7.1 OE+03
6.10OE-01

2.15E+03
1.93E+04
3.78E+03
2.82E+00
1 .60E+04
1.12E+03
3.1 6E+04
2.65E+00
6.1 7E+01
1.1 1 E+00
4.1 3E+04

B hr
7.60E+03
2.1 1E+04
6.26E+02
7.48E+00
5.65E+03
2.09E+01
7.64E-01
2.33E+00
2.06E+00
1 .88E+01
5.84E+01
6.06E-01
1.31 E+02
4.1 9E+02
8.02E+02
2.25E+03
3.31 E+03
5.45E+03
1.04E+02
1.21 E+03
8.86E-02

7.10OE+03
1 .76E-01
2.1 5E+03
1 .93E+04
3.78E+03
9.55E-01
1.60E+04
1.12E+03
3.1 6E+04
2.63E+00
6.172+01
2.44E-02

4.1 3E+04

1.0 d
7.60E+03
2.1 1E+04
6.26E+02
7.49E+O0
5.65E+03
2.09E+01
7.64E-01

2.33E+00
2.06E+00
1 .88E+01
5.84E+01
6.07E-01
1.31 E+02
4.19E+02
8.02E+02
2.25E+03
3.31 E+03
5.45E+03
1.05E+02
1.21 E+03
8.71 E-04
7.10E+03
2.55E-03
2.1 5E+03
1 .93E+04
3.78E+03
8.02E-62
1 .60E+04
1 .12E+03
3.1 6E+04
2.56E+00
6.18E+01
4.002-06
4.1 3E+04

4.0 d
7.60E+03
2.1I1E+04
6.26E+02
7.53E+00
5.65E+03
2.09E+01
7.64E-01
2.33E+00
2.06E+00
1 .88E+01
5.84E+01
6.07E-01
1.31 E+02
4.1 9E+02
8.02E+02
2.25E+03
3.31 E+03
5.45E+03
1 .05E+02
1.21 E+03
8.'17E-13
7.1 OE+03
2.61 E-1 2
2.1 5E+03
1 .93E+04
3.77E+03
1.17E-06
1.60E+04
1.'12E+03

3.1 6E+04
2.29E+00
6.21 E+01
3.64E-23

4.1 3E+04

30.0 d
7.60E+03
2.1 12+04
6.26E+02
7.87E+00.
5.65E+03
2.09E+01
7.64E-01
2.33E+00
2.06E+00
1 .88E+01
5.84E+01
6.07E-01
1.31 E+02
4.1 9E+02
8.02E+02
2.25E+03
3.31 E+03
5.45E+03
1 .05E+02
1.21 E+03
0.OOE+00
7.102E+03
0.OOE+00
2.1 5E+03
1 .93E+04
3.76E+03
0.002+00
1 .60E+04
1.12E+03
3.16E+04
8.71 E-01
6.35E+01
0.OOE+00
4.13E+04

90.0 d
7.60E+03
2.112+04

6.26E+02
8.56E+00
5.65E+03
2.09E+01
7.64E-01

2.33E+00
2.06E+00
1.88E+01
5.84E+01
6.07E-01
1.31 E+02
4.1 9E+02
8.02E+02
2.25E+03
3.31 E+03
5.45E+03
1.05E+02
1.22E+03
0.OOE+00
7.1 OE+03
0.00E+00

2.15E+03
1.93E+04
3.72E+03
0.OOE+00
1 .60E+04
1.12E+03
3.1 6E+04
9.32E-02
6.43E+01
0.002+00

4.13E+04

180.0 d
7.60E+03
2.1 1E+04
6.25E+02
9.63E+00
5.65E+03
2.09E+01
7.64E-01

2.33E+00
2.06E+00
1 .88E+01
5.84E+01
6.07E-01
1.31 E+02
4.1 9E+02
8.02E+02
2.25E+03
3.312E+03
5.45E+03
1.05E+02
1.22E+03
0.OOE+00
7.102+03
0.002+00
2.15E+03
1.932+04
3.662+03
0.002+00
1.60E+04
1.12E+03
3.16E+04
3.29E-03
6.44E+01
0.002+00

4.13E+04

imv
7.602+03
2.1 12+04
6.232+02
1.18E+01
5.65E+03
2.092+01
7.642-01
2.332+00
2.062+00
1.882+01
5.842+01
6.07E-01
1.31 2+02
4.192+02
8.02E+02
2.252+03
3.312E+03
5.452+03
1.052+02
1.222+03
0.002+00
7.102E+03
0.002+00
2.152+03
1.932+04
3.542+03
0.002+00
1.622+04
1.122+03
3.162+04
3.35E-06
6.44E+01
0.002+00

4.132+04

7.60E+03
2.1 12+04
6.142+02
2.04E+01
5.652+03
2.09E+01
7.642-01
2.33E+00
2.062+00
1.882+01
5.842+01
6.072-01
1.312+02 Z4
4.19E+02 >'
.8.022+02
2.252+03
3.312E+03C'
5.452+03
1.052+02
1.222+03
0.002+00
7.102E+03
0.002+00
2.15E+03
1.932+04
3.1 12+03
0.002+00
1.662+04
1. 122+03 DU
3.162+04 1~0JQ
5.292-18 CD
6.44E+01Iv
0.00E+00 1'

4.132+04
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SQH Orce Term Analysis PPL Revised iulation
Al0 Fuel at EPU Conditions Table 3.2

Mass (grams) per Full Core of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Burnup to 39 GWd/MTU

Maximum Isotopic Mass (4.25 wt/o U-235 and 4.50 wt% U-235)
limit

Nuclide enr 0.Od 1 sec 30min 1 hr 8hr 1.0d 4.Od 30.Od 90.0d 180.0d 1 vr 3v
kr 88 4.5 f 5.94E+00 5.94E+00 5.26E+00 4.65E+00 8.40E-01 1.70E-02 3.93E-10 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O
rb 88 4.5 f 6.36E-01 6.36E-01 5.95E-01 5.37E-01 9.86E-02 1.98E-03 4.58E-1 1 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
sr 88 4.5 I f 5.92E+04 5.92E+04 5.92E+04 5.92E+04 5.92E+04 5.92E+04 5.92E+04 5.92E+04 5.92E+04 5.92E+04 5.92E+04 5.92E+04
rb 89 4.5 f 7.17E-01 7.17E-01 2.27E-01 5.78E-02 2.78E-10 2.70E-29 O.OOE+00 O.OOE+O0 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+0O
sr 89 4.5 f 3.56E+03 3.56E+03 3.56E+03 3.55E+03 3.54E+03 3.51 E+03 3.37E+03 2.36E+03 1.04E+03 3.02E+02 2.38E+01 1.06E-03
y 89 4.5 I f 7.57E+04 7.57E+04 7.57E+04 7.57E+04 7.57E+04 7.58E+04 7.60E+04 7.72E+04 7.80E+04 7.87E+04 7.95E+04 7.95E+04 Z
sr 90 4.5 f 9.24E+04 9.24E+04 9.24E+04 9.24E+04 9.24E+04 9.24E+04 9.24E+04 9.24E+04 9.17E+04 9.09E+04 9.02E+04 8.56E+04
y 90 4.5 f 2.47E+01 2.47E+01 2.47E+01 2.47E+01 2.46E+01 2.45E+01 2.42E+01 2.39E+01 2.38E+01 2.37E+01 2.34E+01 2.23E+01
zr 90 4.5 I f 2.96E+07 2.96E+07 2.96E+07 2.96E+07 2.96E+07 2.96E+07 2.96E+07 2.96E+07 2.96E+07 2.96E+07 2.97E+07 2.97E+07 *
sr 91 4.5 f 3.61 E+01 3.61 E+01 3.48E+01 3.36E+01 2.02E+01 6.30E+00 3.32E-02 6.16E-22 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+00
y 91 4.5 f 5.47E+03 5.47E+03 5.47E+03 5.47E+03 5.46E+03 5.43E+03 5.25E+03 3.86E+03 1.89E+03 6.52E+02 7.27E+01 1.27E-02 ,
y 91 m 4.5 f 1.82E+00 1.82E+00 1.81 E+00 1.78E+00 1.1 2E+00 3.48E-01 1.84E-03 3.41 E-23 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 Z
zr 91 4.5 I f 6.58E+06 6.58E+06 6.58E+06 6.58E+06 6.58E+06 6.58E+06 6.58E+06 6.58E+06 6.59E+06 6.59E+06 6.59E+06 6.59E+06 ,
mo 92 4.5 1 4.32E+02 4.32E+02 4.32E+02 4.32E+02 4.32E+02 4.32E+02 4.32E+02 4.32E+02 4.32E+02 4.32E+02 4.32E+02 4.32E+02
sr 92 4.5 f 1.1 1E+01 1.1 1E+01 9.70E+00 8.56E+00 1.43E+00 2.38E-02 2.40E-10 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 J.A
y 92 4.5 f 1.45E+01 1.45E+01 1.44E+01 1.42E+01 6.78E+00 4.59E-01 4.20E-07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 Q)
zr 92 4.5 I f 1.02E+07 1.02E+07 1.02E+07 1.02E+07 1.02E+07 1.02E+07 1.02E+07 1.02E+07 1.02E+07 1.02E+07 1.02E+07 1.02E+07 C9
sr 93 4.5 f 5.76E-01 5.76E-01 3.53E-02 2.14E-03 1.99E-20 O.OOE+00 O.OOE+00 O.OOE+OO 0.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00
y93 4.5 f 3.19E+01 3.19E+01 3.12E+01 3.02E+01 1.86E+01 6.23E+00 4.45E-02 1.12E-20 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
zr 93 4.5 I f 9.1OE+04 9.1OE+04 9.1OE+04 9.1OE+04 9.1OE+04 9.10E+04 9.1OE+04 9.10E+04 9.10E+04 9.1OE+04 9.1OE+04 9.10E+04
mo 94 4.5 1 2.78E+02 2.78E+02 2.78E+02 2.78E+02 2.78E+02 2.78E+02 2.78E+02 2.78E+02 2.78E+02 2.78E+02 2.78E+02 2.78E+02
y94 4.5 f 1.58E+00 1.58E+00 5.56E-01 1.83E-01 3.17E-08 1.12E-23 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
zr 94 4.5 I f 1.06E+07 1.06E+07 1.06E+07 1.06E+07 1.06E+07 1.06E+07 1.06E+07 1.06E+07 1.06E+07 1.06E+07 1.06E+07 1.06E+07
y95 4.5 f 9.40E-01 9.40E-01 1.34E-01 1.84E-02 1.67E-14 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 ?-
zr 95 4.5 I f 8.90E+03 8.90E+03 8.90E+03 8.90E+03 8.90E+03 8.82E+03 8.58E+03 6.45E+03 3.37E+03 1.27E+03 1.71 E+02 6.28E-02
nb 95 4.5 I f 4.89E+03 4.89E+03 4.89E+03 4.89E+03 4.89E+03 4.89E+03 4.89E+03 4.54E+03 3.07E+03 1.36E+03 2.01 E+02 7.55E-02
nb 95m 4.5 f 5.33E+00 5.33E+00 5.33E+00 5.33E+00 5.33E+00 5.33E+00 5.26E+00 4.07E+00 2.13E+00 8.02E-01 1.08E-01 3.97E-05
mo 95 4.5 I f 1.18E+05 1.18E+05 1.18E+05 1.18E+05 1.18E+05 1.18E+05 1.19E+05 1.21E+05 1.25E+05 1.29E+05 1.32E+05 1.32E+05
zr 96 4.5 I f 1.84E+06 1.84E+06 1.84E+06 1.84E+06 1.84E+06 1.84E+06 1.84E+06 1.84E+06 1.84E+06 1.84E+06 1.84E+06 1.84E+06 x
mo 96 4.25 I f 7.10E+03 7.1OE+03 7.1OE+03 7.1OE+03 7.1OE+03 7.10E+03 7.10E+03 7.1OE+03 7.1OE+03 7.10E+03 7.10E+03 7.1OE+03 q
zr 97 4.25 I f 9.92E+01 9.92E+01 9.73E+01 9.50E+01 7.15E+01 3.71 E+01 1.94E+00 1.48E-1 1 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 C
nb 97 4.5 f 6.52E+00 6.52E+00 6.49E+00 6.43E+00 5.OOE+00 2.44E+00 1.27E-01 1.05E-12 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
mo 97 4.25 I f 1.35E+05 1.35E+05 1.35E+05 1.35E+05 1.35E+05 1.35E+05 1.35E+05 1.35E+05 1.35E+05 1.35E+05 1.35E+05 1.35E+05 v
mo 98 4.5 I f 1.36E+05 1.36E+05 1.36E+05 1.36E+05 1.36E+05 1.36E+05 1.36E+05 1.36E+05 1.36E+05 1.36E+05 1.36E+05 1.36E+05 4
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SQH Orce Term Analysis PPL Revised iLulation
Al 0 Fuel at EPU Conditions Table 3.2

Mass (grams) per Full Core of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWd/IATU

Maximum Isotopic Mass (4.25 wt% U-235 and 4.50 wt% U-235)
limit

Nuclide enr 0.0 d 1 sec 30 min 1 hr 8 hr 1.0 d 4.0 d 30.Od 90.0 d 180.0 d I vr 3 vr
tc 98 4.25 f 1.05E+00 1.05E+00 1.05E+00 1.05E+00 1.05E+00 1.05E+00 1.05E+00 1.05E+00 1.05E+00 1.05E+00 1.05E+00 1.05E+00
mo 99 4.5 f 4.20E+02 4.20E+02 4.19E+02 4.16E+02 3.87E+02 3.27E+02 1.54E+02 2.17E-01 5.80E-08 8.02E-18 4.05E-38 O.OOE+O0
tc 99 4.5 f 1.29E+05 1.29E+05 1.29E+05 1.29E+05 1.29E+05 1.29E+05 1.29E+05 1.29E+05 1.29E+05 1.29E+05 1.29E+05 1.29E+05
tc 99m 4.5 f 3.40E+01 3.40E+01 3.39E+01 3.39E+01 3.29E+01 2.87E+01 1.35E+01 1.92E-02 5.12E-09 7.07E-19 O.OOE+OO O.OOE+00
ru 99 4.5 f 5.25E+00 5.25E+00 5.25E+00 5.25E+00 5.25E+00 5.25E+00 5.26E+00 5.29E+00 5.36E+00 5.47E+00 5.68E+00 6.53E+00
mol 00 4.5 I f 1.52E+05 1.52E+05 1.52E+05 1.52E+05 1.52E+05 1.52E+05 1.52E+05 1.52E+05 1.52E+05 1.52E+05 1.52E+05 1.52E+05
rul 00 4.25 f 1.73E+04 1.73E+04 1.73E+04 1.73E+04 1.73E+04 1.73E+04 1.73E+04 1.73E+04 1.73E+04 1.73E+04 1.73E+04 1.73E+04 d
mol 01 4.5 f 1.44E+00 1.44E+00 3.49E-01 8.40E-02 1.84E-10 2.96E-30 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+0O O.OOE+00 O.OOE+O0
tclol 4.5 f 1.40E+00 1.40E+00 8.10E-01 3.05E-01 3.19E-09 9.02E-29 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+0O O.OOE+00 O.OOE+00
rul 01 4.5 f 1.24E+05 1.24E+05 1.24E+05 1.24E+05 1.24E+05 1.24E+05 1.24E+05 1.24E+05 1.24E+05 1.24E+05 1.24E+05 1.24E+05 "
mol 02 4.25 f 1.07E+00 1.06E+00 1.70E-01 2.70E-02 1.75E-1 3 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+0O 0.OOE+OO O.OOE+00 O.OOE+00 t;
ruiO2 4.25 f 1.25E+05 1.25E+05 1.25E+05 1.25E+05 1.25E+05 1.25E+05 1.25E+05 1.25E+05 1.25E+05 1.25E+05 1.25E+05 1.25E+05
rulO3 4.25 f 5.31 E+03 5.31 E+03 5.31 E+03 5.31 E+03 5.28E+03 5.22E+03 4.95E+03 3.12E+03 1.OBE+03 2.22E+02 8.40E+00 2.11 E-05
rhlO3 4.25 f 6.86E+04 6.86E+04 6.86E+04 6.86E+04 6.86E+04 6.87E+04 6.90E+04 7.08E+04 7.28E+04 7.37E+04 7.39E+04 7.39E+04
rh103m 4.25 f 5.26E+00 5.26E+00 5.26E+00 5.26E+00 5.23E+00 5.17E+00 4.90E+00 3.1OE+00 1.08E+00 2.19E-01 8.33E-03 2.09E-08
tcl 04 4.25 f 1.43E+00 1.43E+00 4.85E-01 1.56E-01 1.92E-08 3.1 OE-24 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rul 04 4.25 f 8.33E+04 8.33E+04 8.33E+04 8.33E+04 8.33E+04 8.33E+04 8.33E+04 8.33E+04 8.33E+04 8.33E+04 8.33E+04 8.33E+04 C5
pdl 04 4.25 f 3.50E+04 3.50E+04 3.50E+04 3.50E+04 3.50E+04 3.50E+04 3.50E+04 3.50E+04 3.50E+04 3.50E+04 3.50E+04 3.50E+04
rul 05 4.25 f 1.76E+01 1.76E+01 1.68E+01 1.56E+01 5.23E+00 4.29E-01 5.62E-06 O.OOE+OO O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rh105 4.25 f 1.31 E+02 1.31 E+02 1.31 E+02 1.31 E+02 1.25E+02 9.47E+01 2.32E+01 1.13E-04 6.23E-17 2.55E-35 O.OOE+OO .OOE+0OO
pdl 05 4.25 f 5.91 E+04 5.91 E+04 5.91 E+04 5.91 E+04 5.91 E+04 5.91 E+04 5.91 E+04 5.92E+04 5.92E+04 5.92E+04 5.92E+04 5.92E+04 T
rul06 4.25 f 2.06E+04 2.06E+04 2.06E+04 2.06E+04 2.06E+04 2.06E+04 2.05E+04 1.96E+04 1.75E+04 1.47E+04 1.05E+04 2.67E+03
pdl 06 4.25 f 3.24E+04 3.24E+04 3.24E+04 3.24E+04 3.25E+04 3.25E+04 3.25E+04 3.35E+04 3.56E+04 3.84E+04 4.26E+04 5.04E+04
rh107 4.25 f 8.63E-01 8.63E-01 4.05E-01 1.56E-01 2.32E-07 1.1 2E-20 O.OOE+0O O.OOE+OO O.OOE+OO O.OOE+00 O.OOE+OO O.OOE+00 )
pdl 07 4.25 f 3.25E+04 3.25E+04 3.25E+04 3.25E+04 3.25E+04 3.25E+04 3.25E+04 3.25E+04 3.25E+04 3.25E+04 3.25E+04 3.25E+04
pdl08 4.25 f 2.11 E+04 2.11 E+04 2.11 E+04 2.11 E+04 2.11 E+04 2.11 E+04 2.11 E+04 2.11 E+04 2.11 E+04 2.11 E+04 2.11 E+04 2.11 E+04
pdl09 4.25 f 1.97E+01 1.97E+01 1.93E+01 1.88E+01 1.31 E+01 5.87E+00 1.54E-01 2.99E-1 5 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO
aglO9 4.25 f 1.28E+04 1.28E+04 1.28E+04 1.28E+04 1.28E+04 1.28E+04 1.28E+04 1.28E+04 1.28E+04 1.28E+04 1.28E+04 1.28E+04
pd110 4.25 f 6.33E+03 6.33E+03 6.33E+03 6.33E+03 6.33E+03 6.33E+03 6.33E+03 6.33E+03 6.33E+03 6.33E+03 6.33E+03 6.33E+03 -

agl 1 Om 4.25 f 9.63E+01 9.63E+01 9.63E+01 9.63E+01 9.63E+01 9.63E+01 9.55E+01 8.86E+01 7.51 E+01 5.85E+01 3.50E+01 4.61 E+00 C
cd1l0 4.25 f 5.66E+03 5.66E+03 5.66E+03 5.66E+03 5.66E+03 5.66E+03 5.66E+03 5.67E+03 5.68E+03 5.70E+03 5.72E+03 5.75E+03 0
ag111 4.25 f 4.25E+01 4.25E+01 4.25E+01 4.24E+01 4.13E+01 3.89E+01 2.94E+01 2.61 E+00 9.86E-03 2.28E-06 7.44E-14 O.OOE+00
cdlii 4.25 f 3.28E+03 3.28E+03 3.28E+03 3.28E+03 3.28E+03 3.28E+03 3.29E+03 3.32E+03 3.32E+03 3.32E+03 3.32E+03 3.32E+03 . w
sn1 12 4.5 I 8.02E+03 8.02E+03 8.02E+03 8.02E+03 8.02E+03 8.02E+03 8.02E+03 8.02E+03 8.02E+03 8.02E+03 8.02E+03 8.02E+03
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SQH Orce Term Analysis PPL Revised fulation
Al 0 Fuel at EPU Conditions Table 3.2

Mass (grams) per Full Core of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Burnup to 39 GWd/MTU

Maximum Isotopic Mass (4.25 wt% U-235 and 4.50 wt% U-235)
limit

Nuclide enr 0.Od 1 sec 30min 1 hr 8hr 1.0d 4.0d 30.0d 90.0d 180.0d I vr 3vr
pdl 12 4.25 f 2.27E+00 2.27E+00 2.23E+00 2.19E+00 1.74E+00 1.03E+00 9.63E-02 1.14E-10 2.87E-31 O.OOE+00 O.OOE+00 O.OOE+00
cd112 4.25 f 1.72E+03 1.72E+03 1.72E+03 1.72E+03 1.72E+03 1.73E+03 1.73E+03 1.73E+03 1.73E+03 1.73E+03 1.73E+03 1.73E+03
snl 13 4.25 1 3.45E+01 3.45E+01 3.45E+01 3.45E+01 3.45E+01 3.43E+01 3.37E+01 2.88E+01 2.01 E+01 1.17E+01 3.83E+00 4.71 E-02
cd113 4.5 f 1.45E+01 1.45E+01 1.45E+01 1.45E+01 1.47E+01 1.48E+01 1.48E+01 1.48E+01 1.48E+01 1.48E+01 1.48E+01 1.48E+01
cd113m 4.25 f 1.93E+01 1.93E+01 1.93E+01 1.93E+01 1.93E+01 1.93E+01 1.93E+01 1.93E+01 1.91 E+01 1.89E+01 1.84E+01 1.67E+01
in113 4.25 I f 2.17E+02 2.17E+02 2.17E+02 2.17E+02 2.17E+02 2.18E+02 2.18E+02 2.23E+02 2.32E+02 2.40E+02 2.49E+02 2.54E+02 _
sn1 14 4.5 1 5.62E+03 5.62E+03 5.62E+03 5.62E+03 5.62E+03 5.62E+03 5.62E+03 5.62E+03 5.62E+03 5.62E+03 5.62E+03 5.62E+03 d
cd114 4.25 f 1.83E+03 1.83E+03 1.83E+03 1.83E+03 1.83E+03 1.83E+03 1.83E+03 1.83E+03 1.83E+03 1.83E+03 1.83E+03 1.83E+03
cd115 4.25 f 1.76E+00 1.76E+00 1.76E+00 1.75E+00 1.60E+00 1.30E+00 5.11 E-01 1.57E-04 1.23E-1 2 8.48E-25 O.OOE+00 O.OOE+00 1
cd1 5m 4.25 f 1.65E+00 1.65E+00 1.65E+00 1.65E+00 1.64E+00 1.62E+00 1.55E+00 1.03E+00 4.07E-01 1.01 E-01 5.65E-03 6.62E-08 ,

in115 4.25 f 2.22E+02 2.22E+02 2.22E+02 2.22E+02 2.22E+02 2.22E+02 2.24E+02 2.25E+02 2.25E+02 2.25E+02 2.25E+02 2.25E+02 ¢
sn1 15 4.5 I f 2.98E+03 2.98E+03 2.98E+03 2.98E+03 2.98E+03 2.98E+03 2.98E+03 2.98E+03 2.98E+03 2.98E+03 2.98E+03 2.98E+03 ,

cd116 4.25 f 7.72E+02 7.72E+02 7.72E+02 7.72E+02 7.72E+02 7.72E+02 7.72E+02 7.72E+02 7.72E+02 7.72E+02 7.72E+02 7.72E+02 e
sn1 16 4.25 I f 1.26E+05 1.26E+05 1.26E+05 1.26E+05 1.26E+05 1.26E+05 1.26E+05 1.26E+05 1.26E+05 1.26E+05 1.26E+05 1.26E+05
sn 17m 4.25 1 3.01 E+01 3.01 E+01 3.01 E+01 3.01 E+01 2.96E+01 2.87E+01 2.46E+01 6.53E+00 3.07E-01 3.12E-03 2.48E-07 1.67E-23
sn1 17 4.25 I f 6.80E+04 6.80E+04 6.80E+04 6.80E+04 6.80E+04 6.80E+04 6.80E+04 6.81 E+04 6.81 E+04 6.81 E+04 6.81 E+04 6.81 E+04
snl18 4.25 I f 2.13E+05 2.13E+05 2.13E+05 2.13E+05 2.13E+05 2.13E+05 2.13E+05 2.13E+05 2.13E+05 2.13E+05 2.13E+05 2.13E+05 C
sn1 19 4.25 I f 7.70E+04 7.70E+04 7.70E+04 7.70E+04 7.70E+04 7.70E+04 7.70E+04 7.70E+04 7.70E+04 7.70E+04 7.78E+04 7.78E+04
sn1 19m 4.25 I f 6.55E+02 6.55E+02 6.55E+02 6.55E+02 6.55E+02 6.54E+02 6.49E+02 6.11 E+02 5.30E+02 4.28E+02 2.76E+02 4.91 E+01
sn12O 4.25 I f 2.89E+05 2.89E+05 2.89E+05 2.89E+05 2.89E+05 2.89E+05 2.89E+05 2.89E+05 2.89E+05 2.89E+05 2.89E+05 2.89E+05
snl2l 4.25 f 9.09E-01 9.09E-01 9.02E-01 8.94E-01 7.44E-01 4.94E-01 7.87E-02 2.80E-04 2.80E-04 2.79E-04 2.77E-04 2.70E-04
sn121m 4.25 f 6.45E+00 6.45E+00 6.45E+00 6.45E+00 6.45E+00 6.44E+00 6.44E+00 6.44E+00 6.43E+00 6.40E+00 6.36E+00 6.20E+00
sbl 21 4.25 I f 1.07E+03 1.07E+03 1.07E+03 1.07E+03 1.07E+03 1.07E+03 1.07E+03 1.07E+03 1.07E+03 1.07E+03 1.07E+03 1.07E+03 <
sn122 4.25 I f 4.23E+04 4.23E+04 4.23E+04 4.23E+04 4.23E+04 4.23E+04 4.23E+04 4.23E+04 4.23E+04 4.23E+04 4.23E+04 4.23E+04 i
tel 22 4.25 I f 7.76E+01 7.76E+01 7.77E+01 7.77E+01 7.77E+01 7.78E+01 7.79E+01 7.82E+01 7.82E+01 7.82E+01 7.82E+01 7.82E+01
sn123 4.25 I f 1.66E+01 1.66E+01 1.66E+01 1.66E+01 1.66E+01 1.64E+01 1.62E+01 1.41 E+01 1.02E+01 6.30E+00 2.33E+00 4.63E-02
sbl 23 4.25 I f 7.42E+02 7.42E+02 7.42E+02 7.42E+02 7.42E+02 7.42E+02 7.43E+02 7.44E+02 7.49E+02 7.52E+02 7.56E+02 7.59E+02
sn124 4.25 I f 5.23E+04 5.23E+04 5.23E+04 5.23E+04 5.23E+04 5.23E+04 5.23E+04 5.23E+04 5.23E+04 5.23E+04 5.23E+04 5.23E+04
sbl 24 4.25 f 5.24E+00 5.24E+00 5.24E+00 5.24E+00 5.23E+00 5.19E+00 5.01 E+00 3.71 E+00 1.86E+00 6.60E-01 7.79E-02 1.73E-05 0
tel24 4.25 f 3.35E+01 3.35E+01 3.35E+01 3.35E+01 3.35E+01 3.35E+01 3.38E+01 3.51 E+01 3.69E+01 3.81 E+01 3.87E+01 3.87E+01i
sn1 25 4.25 f 5.01 E+00 5.01 E+00 5.OOE+00 5.OOE+00 4.90E+00 4.67E+00 3.76E+00 5.80E-01 7.79E-03 1.20E-05 1.97E-1 1 O.OOE+00 0
sbl25 4.25 I f 1.31 E+03 1.31 E+03 1.31 E+03 1.31 E+03 1.31 E+03 1.31 E+03 1.31 E+03 1.29E+03 1.23E+03 1.16E+03 1.02E+03 6.13E+02
tel25 4.25 l f 6.13E+02 6.13E+02 6.13E+02 6.13E+02 6.13E+02 6.14E+02 6.17E+02 6.40E+02 6.93E+02 7.69E+02 9.1OE+02 1.32E+03j^
tel25m 4.25 f 1.38E+01 1 .38E+01; 1.38E+01 1.38E+01 1.38E+01 1.38E+01 1.38E+01 1.39E+01 1.38E+01 1.33E+01 1.18E+01 7.14E+00
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SQH #rce Term Analysis
AlO Fuel at EPU Conditions

PPL Revised *ulation
Table 3.2

Mass (grams) per Full Core of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Burnup to 39 GWdIMTU

Maximum Isotopic Mass (4.25 wt%/ U-235 and 4.50 wt%/0 U-235)

Nuclide
sn126
te126
sbl 27
te127
tel27m
i127
sn128
sb128
te128
xe128
sb129
te129
tel29m
i129
xel 29
tel 30
i130
xel 30
sb131
tel 31
tel 31 m
i131
xel31
xel31m
te132
i132
xel32
tel 33
tel33m
i1 33
xe133
xel33m
cs133
tel 34

limit
enr
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.5

4.25
4.25
4.5
4.5

4.25
4.5

4.25
4.25
4.5
4.5
4.5
4.5
4.5
4.5
4.5

0.0 d
2.92E+03
5.35E+01
3.51 E+01
3.53E+00
1.68E+02
6.35E+03
6.1 OE-01
5.93E-01
1.42E+04
4.1 OE+02
6.28E+00
1.57E+00
2.21 E+02
2.84E+04
2.45E+00
5.86E+04
1.35E+00
1.13E+03
1.35E+00
1.58E+00
2.69E+01
8.63E+02
6.74E+04
1.76E+01
5.07E+02
1.51 E+01
1.76E+05
1.06E+00
3.87E+00
1.96E+02
1.13E+03
1.56E+01
1.87E+05
5.81 E+0O

1 sec
2.92E+03
5.35E+01
3.51 E+01
3.53E+00
1.68E+02
6.35E+03
6.1 OE-01
5.93E-01
1.42E+04
4.1 OE+02
6.28E+00
1.57E+00
2.21 E+02
2.84E+04
2.45E+00
5.86E+04
1.35E+00
1.13E+03
1.35E+00
1.58E+00
2.69E+01
8.63E+02
6.74E+04
1.76E+01
5.07E+02
1.51 E+01
1.76E+05
1.05E+00
3.87E+00
1.96E+02
1.13E+03
1.56E+01
1.87E+05
5.81 E+00

30 min
2.92E+03
5.35E+01
3.51 E+01
3.53E+00
1.68E+02
6.35E+03
4.29E-01
5.78E-01
1.42E+04
4.10E+02
5.88E+00
1.56E+O0
2.21 E+02
2.84E+04
2.45E+00
5.86E+04
1.32E+00
1.13E+03
5.53E-01
1.21 E+00
2.67E+01
8.63E+02
6.74E+04
1.76E+01
5.06E+02
1.51 E+01
1.76E+05
3.23E-01
2.67E+00
1.94E+02
1.13E+03
1.56E+01
1.87E+05
3.53E+00

1 hr
2.92E+03
5.35E+01
3.50E+01
3.53E+00
1.68E+02
6.35E+03
3.02E-01
5.62E-01
1.42E+04
4.1 OE+02
5.43E+00
1.52E+O0
2.21 E+02
2.84E+04
2.45E+00
5.86E+04
1.28E+00
1.13E+03
2.24E-01
7.72E-01

2.64E+01
8.63E+02
6.74E+04
1.76E+01
5.03E+02
1.51 E+01
1.76E+05
1.29E-01
1.83E+00
1.92E+02
1.13E+03
1.56E+01
1.87E+05
2.15E+0O

8hr
2.92E+03
5.35E+01
3.34E+01
3.49E+00
1.68E+02
6.35E+03
2.19E-03
3.36E-01
1.42E+04
4.1 OE+02
1.80E+00
7.28E-01
2.20E+02
2.84E+04
2.45E+00
5.86E+04
8.71 E-01
1.13E+03
7.13E-07
7.02E-02

2.25E+01
8.48E+02
6.74E+04
1.75E+01
4.73E+02
1.42E+01
1.76E+05
4.89E-04
9.63E-03
1.54E+02
1.13E+03
1.53E+01
1.87E+05
2.02E-03

1.0 d
2.92E+03
5.35E+01
2.96E+01
3.28E+O0
1.68E+02
6.36E+03
2.82E-08
9.78E-02
1.42E+04
4.1 OE+02
1.45E-01
2.43E-01

2.18E+02
2.84E+04
2.45E+00
5.86E+04
3.54E-01
1.13E+03
1.94E-19
4.85E-02
1.55E+01
8.02E+02
6.75E+04
1.73E+01
4.1 OE+02
1.24E+01
1.76E+05
2.97E-09
5.83E-08
9.02E+01
1.1 OE+03
1.41 E+01
1.87E+05
2.48E-10

4.0 d
2.92E+03
5.36E+01
1.73E+01
2.19E+00
1.67E+02
6.37E+03
O.OOE+00
3.86E-04
1.42E+04
4.1 OE+02
1.72E-06
1.89E-01

2.05E+02
2.84E+04
2.46E+00
5.86E+04
6.25E-03
1.13E+03
O.OOE+00
9.17E-03
2.94E+00
6.33E+02
6.76E+04
1.63E+01
2.17E+02
6.52E+00
1.76E+05
O.OOE+00
O.OOE+00
8.17E+00
8.10E+02
6.70E+00
1.87E+05
O.OOE+00

30.0 d
2.92E+03
5.39E+01
1.60E-01
5.20E-01
1.44E+02
6.41 E+03
O.OOE+00
5.51 E-25
1.42E+04
4.1 OE+02
O.OOE+00
1.1OE-01
1.20E+02
2.86E+04
2.49E+00
5.86E+04
3.97E-1 8
1.13E+03
O.OOE+00
5.03E-09
1.61 E-06

6.77E+01
6.82E+04
6.02E+00
8.56E-01
2.58E-02
1.77E+05
0.OOE+00
O.OOE+00
7.62E-09

2.67E+01
1.89E-03

1.88E+05
O.OOE+00

90.0 d
2.92E+03
5.40E+01
3.25E-06
3.45E-01
9.86E+01
6.46E+03
O.OOE+00
O.OOE+00
1.42E+04
4.1 OE+02
O.OOE+00
3.20E-02
3.47E+01
2.87E+04
2.50E+00
5.86E+04
O.OOE+00
1.1 3E+03
O.OOE+0O
1.79E-23
5.72E-21
3.84E-01

6.83E+04
2.38E-01
2.45E-06
7.39E-08
1.77E+05
O.OOE+00
0.OOE+00
1.1OE-29
9.55E-03
1.07E-11
1.88E+05
O.OOE+00

180.0 d
2.92E+03
5.40E+01
2.98E-13
1.95E-01

5.56E+01
6.50E+03
O.OOE+00
O.OOE+00
1.42E+04
4.1 OE+02
O.OOE+00
5.OOE-03

5.42E+00
2.87E+04
2.50E+00
5.86E+04
0.OOE+00
1.13E+03
O.OOE+00
0.OOE+00
O.OOE+00
1.63E-04

6.83E+04
1.32E-03
1.18E-14
3.58E-16
1.77E+05
O.OOE+00
O.OOE+00
O.OOE+00
6.51 E-08
4.53E-24
1.88E+05
O.OOE+00

1 r
2.92E+03
5.40E+01
9.70E-28
5.99E-02
1.71 E+01
6.54E+03
O.OOE+00
O.OOE+00
1.42E+04
4.1 OE+02
O.OOE+00
1.09E-04
1.18E-01

2.87E+04
2.50E+00
5.86E+04
O.OOE+00
1.13E+03
O.OOE+00
O.OOE+00
O.OOE+00
1.90E-11

6.83E+04
2.74E-08
9.09E-32
2.74E-33
1.77E+05
O.OOE+00
O.OOE+00
O.OOE+00
1.51 E-18

O.OOE+00
1.88E+05
O.OOE+00

3vyr
2.92E+03
5.41 E+01
O.OOE+00
5.75E-04
1.64E-01

6.56E+03
O.OOE+00
O.OOE+00
1.42E+04
4.1 OE+02
O.OOE+00
3.12E-11
3.38E-08
2.87E+04
2.50E+00
5.86E+04
O.OOE+00
1.13E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
6.83E+04
9.02E-27
O.OOE+00
O.OOE+00
1.77E+05
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.88E+05
O.OOE+00
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SQH. 9 ce Term Analysis
Al 0 Fuel at EPU Conditions

PPL Revised O.ulation
Table 3.2

Mass (grams) per Full Core of ATRIUM-i 0 Fuel -, Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWd/MTU

Maximum Isotopic Mass (4.25 wt0/o U-235 and 4.50 wto U-235)

Nuclide
ii 34
xel 34
cs134
csl34m
bal 34
ii35
xe135
csl35
bal 35
xel 36
csl 36
ba136
xel 37
csl 37
ba137
xel138
cs138
bal 38
lal 38
cs 139
bal 39
lal139
bal 40
la140
Gel 40
bal 41
lal141
cel4l
prl 41
bal 42
lal 42
cel 42
prl 42
ndl142

limit
enr
4.5
4.5

4.25
4.25
4.25

4.5
4.5
4.5

4.25
4.25

4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5

4.25
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5

14.5
4.5
4.5
4.5
4.5

4.25
4.25

0.0 d
9.1 7E+00
2.48E+05
1.78E+04
5.99E-01

8.1 7E+03
5.97E+01
2.77E+01
8.25E+04
6.1 9E+01
3.49E+05
1.01 E+02
3.57E+03
5.62E-01
1 .99E+05
8.63E+03
1 .95E+00
4.83E+00
2.1 1E+05
1 .38E+O0
1.31 E+00
1 .22E+01
1 .99E+05
2.67E+03
3.77E+02
2.1 1E+05
2.42E+00
3.1 4E+01
6.30E+03
1 .77E+05
1 .34E+00
1 .20E+01
1 .86E+05
6.36E+00
3.1 7E+03

1 sec
9.17E+00
2.48E+05
1 .78E+04
5.99E-01
8.1 7E+03
5.97E+01
2.77E+01
8.25E+04
6.1 9E+01
3.49E+05
1.01 E+02
3.57E+03
5.60E-01
1 .99E+05
8.63E+03
1.95E+00
4.83E+00
2.1 1E+05
1.38E+00
1.31 E+00
1 .22E+01
1 .99E+05
2.67E+03
3.77E+02
2.1 1E+05
,2.42E+00
3.1 4E+01
6.30E+03
1 .77E+05
1.34E+00
1 .20E+01
1 .86E+05
6.36E+00
3.1 7E+03

30min
B. 1OE+O0
2.48E+05
1 .78E+04
5.32E-01

8.1 7E+03
5.67E+01
2.97E+01
8.25E+04
6.19E+01
3.49E+05
l.OOE+02
3.57E+03
2.57E-03
1.99E+05
8.63E+03
4.46E-01
3.57E+O0
2.1 1E+05
1.38E+O0
1 .46E-01

1.06E+01
1 .99E+05
2.67E+03
3.77E+02
2.1 1E+05
7 .87E-01
3.03E+01
6.30E+03
1 .77E+05
1 .89E-01

1.05E+01
1 .86E+05
6' 24E+O0
3.17E+03

1 hr
6.56E+00
2.48E+05
1 .78E+04
4.72E-01

8.17E+03
5.38E+01
3.1 6E+01
8.25E+04
6.19E+01
3.49E+05
l.OOE+02
3.57E+03
1.11I E-05
1 .99E+05
8.63E+03
1.02E-01

2.10OE+00
2.1 1E+05
1 .38E+00
1 .55E-02

8.40E+00
1 .99E+05
2.67E+03
3.77E+02
2.1 1E+05
2.53E-01
2.83E+01
6.30E+03
1 .77E+05
2.66E-02

8.56E+00
1.86E+05
6.1 3E+00
3.1 7E+03

8 hr
5.73E-02

2.48E+i05
1 .78E+04
8.94E-02
8.1 7E+03
2.57E+01
3.97E+01
8.25E+04
6.1 9E+01
3.49E+05
9.86E+01
3.57E+03
0.OOE+00
1 .99E+05
8.63E+03
1.07E-10
2.70E-04
2.1 1 E+05
1 .38E+00
3.56E-1 6
2.70E-01
1 .99E+05
2.63E+03
3.74E+02
2.1 1E+05
3.03E-08

8.25E+00
6.27E+03
1 .77E+i05
3.15E-14
3.51 E-01
1 .86E+05
4.75E+00
3.17E+03

1.0 d
2.1 4E-07
2.48E+05
1 .77E+04
1 .97E-03
8.1 7E+03
4.74E+00
2.21 E+01
8.25E+04
6.20E+01
3.49E+05
9.55E+01
3.57E+03
0.OOE+00
1.99E+05
8.63E+03
3.1 9E-31
2.87E-1 3
2.1 1E+05
1 .38E+00
0.OOE+00
1 .04E-04
1 .99E+05
2.54E+03
3.65E+02
2.1 1E+05
4.58E-24
4.89E-01
6.20E+03
1 .77E+05
0.OOE+00
2.35E-04
1.86E+05
2.66E+i00
3.17E+03

4.0 d
0.OOE+00

2.48E+05
1 .77E+04
7.08E-1 1
8.1 7E+03
2.38E-03
1 .57E-01

8.25E+04
6.20E+01
3.49E+05
8.1 7E+01
3.58E+03
0.OOE+O0
1 .99E+05
8.63E+03
0.OOE+00
0.OOE+00
2.1 1 E+05
1 .38E+00
0.OOE+00
4.47E-20
1 .99E+05
2.1 5E+03
3.21 E+02
2.1 2E+05
0.OOE.00
1 .44E-06

5.81 E+03
1.78E+05
0.OOE+00
1 .25E-1 8
1 .86E+05
1 .96E-01
3.1 7E+03

30.0 d
0.OOE+00
2.48E+05
1.73E+04
0.OOE+00
8.63E+03
0.OOE+00
4.64E-22
8.25E+04
6.20E+01
3.49E+05
2.07E+01
3.64E+03
0.OOE+O0
1 .99E+05
9.02E+03
0.OOE+O0
0.OOE+00
2.1 1E+05
1.38E+00
0.OOE+O0
0.OOE+00
1 .99E+05
5.24E+02
7.95E+01
2.1 3E+05
0.OOE+00
0.OOE+00
3.34E+03
1.80E+05
0.OOE+00
0.OOE+00
1.86E+05
2.93E-1 1
3.17E+03

90.0 d
0.OOE+00
2.48E+05
1 .63E+04
0.OOE+O0
9.55E+03
0.OOE+00
0.OOE+00
8.25E+04
6.20E+01
3.49E+05
8.79E-01
3.67E+03
0.OOE+00
1.99E+05
9.70E+03
0.OOE+00
0.OOE+00
2.1 1E+05
1.38E+00
0.OOE+00
0.OOE+00
1 .99E+05
2.01 E+01
3.05E+00
2.1 4E+05
0.OOE+00
0.OOE+00
9.32E+02
1 .83E+05
0.OOE+00
0.OOE+00
1.86E+05
0.OOE+00
3.1 7E+03

180.0 d
0.OOE+00
2.48E+05
1.51 E+04
0.OOE+00
1.08E+04
0.00E+00
0.OOE+00
8.25E+04
6.20E+01
3.49E+05
7.64E-03

3.67E+03
0.OOE+00
1 .97E+05
1.08E+04
0.OOE+00
0.OOE+00
2.1 1E+05
1 .38E+00
0.OOE+00
0.OOE+00
1 .99E+05
1.51 E-01
2.29E-02
2.1 4E+05
0.OOE+00
0.OOE+00
1 .36E+02
1 .83E+05
0.OOE+00
0.OOE+00
1.86E+05
0.OOE+00
3.1 7E+03

LYEr
0.OOE+00
2.48E+05
1 .27E+04
0.OOE+00
1 .32E+04
0.OOE+00
0.OOE+00
8.25E+04
6.20E+01
3.49E+05
4.44E-07
3.67E+03
0.OOE+00
1 .95E+05
1.31 E+04
0.OOE+00
0.OOE+00
2.1 1E+05
1 .38E+00
0.OOE+00
0.OOE+00
1 .99E+05
6.41 E-06
9.70E-07
2.1 4E+05
0.OOE+00
0.OOE+00
2.62E+00
1 .83E+05
0.OOE+00
0.OOE+00
1.86E+05
0.OOE+00
3.1 7E+03

0.OOE+00
2.48E+05
6.48E+03
0.OOE+00
1 .94E+04
0.OOE+00
0.OOE+00
8.25E+04
6.20E+01
3.49E+05
8.63E-24
3.67E+03
0.OOE+00
1.86E+05
2.20E+04
0.OOE+00
0.OOE+00
2.1 1E+05
1 .38E+00
O.OOE+00
0.OOE+00
1.99E÷05
3.68E-23
5.58E-24
2.14E+05
0.OOE+00
0.OOE+00
4.48E-07
1 .83E+05
0.OOE+00
0.OOE+00
1.86E+05
0.OOE+00
3.1 7E+03
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SQH Brce Term Analysis * PPL Revised Oulation
AlO Fuel at EPU Conditions Table 3.2

Mass (grams) per Full Core of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWd/MTU

Maximum Isotopic Mass (4.25 wt/o U-235 and 4.50 wt%/6 U-235)
limit

Nuclide enr 0.0d 1 sec 30min 1hr 8hr 1.0d 4.0d 30.0d 90.0d 180.0d 1 vr 3vr
la1 43 4.5 f 1.78E+00 1.78E+00 4.15E-01 9.55E-02 1.09E-10 3.98E-31 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ce143 4.5 f 2.51 E+02 2.51 E+02 2.50E+02 2.48E+02 2.14E+02 1.53E+02 3.37E+01 6.84E-05 5.00E-18 9.86E-38 O.OOE+00 O.OOE+O0
pr143 4.5 f 2.40E+03 2.40E+03 2.40E+03 2.40E+03 2.39E+03 2.38E+03 2.15E+03 5.78E+02 2.70E+01 2.71E-01 2.10E-05 1.29E-2t
ndl43 4.5 f 1.36E+05 1.36E+05 1.36E+05 1.36E+05 1.36E+05 1.37E+05 1.37E+05 1.38E+05 1.39E+05 1.39E+05 1.39E+05 1.392+05
cel 44 4.5 f 4.75E+04 4.75E+04 4.75E+04 4.75E+04 4.74E+04 4.74E+04 4.71 E+04 4.42E+04 3.81 E+04 3.06E+04 1.96E+04 3.31 E+03
pri 44 4.5 f 2.01 E+00 2.01 E+00 2.OOE+00 2.OOE+00 2.OOE+00 1.99E+00 1.98E+00 1.86E+00 1.60E+00 1.29E+00 8.25E-01 1.392-01
nd144 4.25 f 1.67E+05 1.67E+05 1.67E+05 1.67E+05 1.67E+05 1.67E+05 1.67E+05 1.70E+05 1.76E+05 1.83E+05 1.95E+05 2.11 E+05 Z
pr145 4.5 f 3.14E+01 3.14E+01 2.99E+01 2.82E+01 1.25E+01 1.96E+00 4.69E-04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
nd145 4.5 f 1.12E+05 1.12E+05 1.12E+05 1.12E+05 1.12E+05 1.12E+05 1.12E+05 1.12E+05 1.12E+05 1.12E+05 1.12E+05 1.12E+05
cel46 4.5 f 9.47E-01 9.47E-01 2.05E-01 4.39E-02 1.96E-1 1 8.25E-33 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 *
pr146 4.5 f 1.70E+00 1.70E+00 1.17E+00 5.91E-01 4.03E-06 4.35E-18 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+O0 O.OOE+00 O.OOE+00
nd146 4.5 f 1.13E+05 1.13E+05 1.13E+05 1.13E+05 1.13E+05 1.13E+05 1.13E+05 1.13E+05 1.13E+05 1.13E+05 1.13E+05 1.13E+05
pml46 4.25 f 1.18E+00 1.18E+00 1.18E+00 1.18E+00 1.18E+00 1.18E+00 1.18E+00 1.16E+00 1.14E+00 1.11E+00 1.04E+00 8.1OE-01 Z
sml46 4.25 f 1.09E+00 1.09E+00 1.09E+00 1.09E+00 1.09E+00 1.09E+00 1.09E+00 1.1 OE+00 1.11 E+00 1.12E+00 1.14E+00 1.22E+00
pri 47 4.5 f 7.62E-01 7.62E-01 1.77E-01 3.84E-02 1.94E-1 1 1.09E-32 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.00E+00 *
ndl47 4.5 f 8.94E+02 8.94E+02 8.94E+02 8.94E+02 8.79E+02 8.40E+02 6.95E+02 1.34E+02 3.05E+00 1.04E-02 8.71E-08 8.17E-28 m
pml47 4.5 f 2.70E+04 2.70E+04 2.70E+04 2.70E+04 2.70E+04 2.70E+04 2.71E+04 2.72E+04 2.62E+04 2.45E+04 2.15E+04 1.27E+04 C
sm147 4.5 f 1.41 E+04 1.41 E+04 1.41 E+04 1.41 E+04 1.41 E+04 1.41 E+04 1.41 E+04 1.47E+04 1.58E+04 1.74E+04 2.06E+04 2.93E+04 CD
nd148 4.5 f 5.94E+04 5.94E+04 5.94E+04 5.94E+04 5.94E+04 5.94E+04 5.94E+04 5.94E+04 5.94E+04 5.94E+04 5.94E+04 5.94E+04
pml48 4.25 f 1.23E+02 1.23E+02 1.23E+02 1.22E+02 1.1 8E+02 1.08E+02 7.39E+01 3.28E+00 2.77E-01 6.08E-02 2.71 E-03 1.28E-08
pml48m 4.5 f 1.82E+02 1.82E+02 1.81E+02 1.81E+02 1.80E+02 1.79E+02 1.70E+02 1.10E+02 4.00E+01 8.86E+00 3.95E-01 1.86E-06
sm148 4.25 f 2.08E+04 2.08E+04 2.08E+04 2.08E+04 2.08E+04 2.08E+04 2.09E+04 2.09E+04 2.10E+04 2.11 E+04 2.11 E+04 2.11 E+04
nd149 4.25 f 3.41 E+00 3.41 E+00 2.84E+00 2.33E+00 1.40E-01 2.25E-04 6.14E-17 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00
pml49 4.25 f 1.63E+02 1.63E+02 1.63E+02 1.62E+02 1.50E+02 1.21 E+02 4.75E+01 1.38E-02 9.40E-11 5.29E-23 O.OOE+00 O.OOE+00
sm149 4.5 f 3.66E+02 3.66E+02 3.67E+02 3.67E+02 3.82E+02 4.10E+02 4.84E+02 5.30E+02 5.30E+02 5.30E+02 5.30E+02 5.30E+02
ndl 50 4.25 f 2.83E+04 2.83E+04 2.83E+04 2.83E+04 2.83E+04 2.83E+04 2.83E+04 2.83E+04 2.83E+04 2.83E+04 2.83E+04 2.83E+04
sm150 4.25 f 5.21 E+04 5.21 E+04 5.21 E+04 5.21 E+04 5.21 E+04 5.21 E+04 5.21 E+04 5.21 E+04 5.21 E+04 5.21 E+04 5.21 E+04 5.21 E+04
pm151 4.25 f 2.96E+01 2.96E+01 2.95E+01 2.92E+01 2.46E+01 1.67E+01 2.87E+00 6.93E-07 3.73E-22 O.OOE+00 O.OOE+00 O.OOE+00
sml51 4.5 f 2.58E+03 2.58E+03 2.58E+03 2.58E+03 2.59E+03 2.60E+03 2.61 E+03 2.61 E+03 2.61 E+03 2.61 E+03 2.59E+03 2.55E+03
eul 51 4.5 f 3.89E+00 3.89E+00 3.89E+00 3.90E+00 3.91 E+00 3.94E+00 4.11E+00 5.54E+00 8.86E+00 1.38E+01 2.39E+01 6.36E+01 'Q
sm152 4.25 f 2.06E+04 2.06E+04 2.06E+04 2.06E+04 2.06E+04 2.06E+04 2.06E+04 2.06E+04 2.06E+04 2.06E+04 2.06E+04 2.06E+04 a)
eu1 52 4.5 f 8.79E+00 8.79E+00 8.79E+00 8.79E+00 8.79E+00 8.79E+00 8.79E+00 8.71 E+00 8.63E+00 8.56E+00 8.33E+00 7.51 E+00 -C
gd152 4.5 I f 2.15E+03 2.15E+03 2.15E+03 2.15E+03 2.15E+03 2.15E+03 2.15E+03 2.15E+03 2.15E+03 2.15E+03 2.15E+03 2.15E+03
sm153 4.25 f 1.20E+02 1.20E+02 1.19E+02 1.18E+02 1.06E+02 8.40E+01 2.85E+01 2.48E-03 1.07E-12 9.47E-27 O.OOE+00 O.OOE+00 I
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SQH Orce Term Analysis
A10 Fuel at EPU Conditions

PPL Revised fulation
Table 3.2

Mass (grams) per Full Core of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWd/MTU

Maximum Isotopic Mass (4.25 wt% U-235 and 4.50 wt%. U-235)

Nuclide
eul 53
gd153
sm154
eul 54
gdl 54
eul 55
gdl 55
sml56
eu156
gdl 56
eu157
gdl 57
gdl 58
gdl 59
tbl 59
gd160
tbl 60
dyl 60
tbl 61
dyl 61
dyl 62
dy163
dy164
ho165
erl66
hf 176
hf 177
hf 178
hf179
hf180
hf181
tal 81
w1 82
rel 85

limit
enr
4.25
4.25
4.25
4.25
4.5

4.25
4.5

4.25
4.25

4.5
4.25

4.5
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.5
4.5
4.5
4.5

4.25
4.25
4.25
4.5

4.25

0.0 d
1.90E+04
2.31 E+02
5.58E+03
3.92E+03
2.53E+04
8.81 E+02
1.55E+02
1.20E+00
4.96E+02
5.40E+05
2.OOE+00
1.51 E+02
6.55E+05
2.58E+01
2.09E+04
3.49E+05
6.37E+02
2.34E+03
3.68E+01
2.52E+03
1.32E+03
7.64E+02
1.30E+02
1.24E+02
1.77E+01
1.18E+02
1.28E+01
2.73E+02
1.94E+03
3.61 E+03
1.40E+01
1.59E+02
9.93E+02
1.93E+01

1 sec
1.90E+04
2.31 E+02
5.58E+03
3.92E+03
2.53E+04
8.81 E+02
1.55E+02
1.20E+00
4.96E+02
5.40E+05
2.OOE+00
1.51 E+02
6.55E+05
2.58E+01
2.09E+04
3.49E+05
6.37E+02
2.34E+03
3.68E+01
2.52E+03
1.32E+03
7.64E+02
1.30E+02
1.24E+02
1.77E+01
1.18E+02
1.28E+01
2.73E+02
1.94E+03
3.61 E+03
1.40E+01
1.59E+02
9.93E+02
1.93E+01

30 min
1.90E+04
2.31 E+02
5.58E+03
3.92E+03
2.53E+04
8.81 E+02
1.55E+02
1.16E+OO
4.96E+02
5.40E+05
1.96E+O0
1.51 E+02
6.55E+05
2.54E+01
2.09E+04
3.49E+05
6.37E+02
2.34E+03
3.68E+01
2.52E+03
1.32E+03
7.64E+02
1.30E+02
1.24E+02
1.77E+01
1 .18E+02
1.28E+01
2.73E+02
1.94E+03
3.61 E+03
1.40E+O1
1.59E+02
9.93E+02
1.93E+01

1 hr
1.90E+04
2.31 E+02
5.58E+03
3.92E+03
2.53E+04
8.81 E+02
1.55E+02
1.12E+00
4.96E+02
5.40E+05
1.93E+00
1.51 E+02
6.55E+05
2.49E+01
2.09E+04
3.49E+05
6.37E+02
2.34E+03
3.67E+01
2.52E+03
1.32E+03
7.64E+02
1.30E+02
1.24E+02
1.77E+01
1.18E+02
1.28E+01
2.73E+02
1.94E+03
3.61 E+03
1.40E+01
1.59E+02
9.93E+02
1.93E+01

8hr
1.90E+04
2.31 E+02
5.58E+03
3.92E+03
2.53E+04
8.81 E+02
1.55E+02
6.66E-01
4.89E+02
5.40E+05
1.40E+00
1.52E+02
6.55E+05
1.91 E+01
2.09E+04
3.49E+05
6.35E+02
2.34E+03
3.57E+01
2.52E+03
1.32E+03
7.64E+02
1.30E+02
1.24E+02
1.77E+01
1.18E+02
1.28E+01
2.73E+02
1.94E+03
3.61 E+03
1.39E+01
1.59E+02
9.93E+02
1.93E+01

1.0 d
1.90E+04
2.30E+02
5.58E+03
3.92E+03
2.54E+04
8.81 E+02
1.56E+02
2.05E-01
4.75E+02
5.40E+05
6.72E-01
1.52E+02
6.55E+05
1.05E+01
2.09E+04
3.49E+05
6.31 E+02
2.35E+03
3.33E+01
2.52E+03
1.32E+03
7.64E+02
1.30E+02
1.24E+02
1.77E+01
1.18E+02
1.28E+01
2.73E+02
1.94E+03
3.61 E+03
1.38E+01
1.60E+02
9.93E+02
1.93E+01

4.0 d
1.90E+04
2.28E+02
5.58E+03
3.92E+03
2.54E+04
8.81 E+02
1.57E+02
1.02E-03

4.15E+02
5.40E+05
2.51 E-02
1.53E+02
6.55E+05
7.16E-01

2.09E+04
3.49E+05
6.13E+02
2.37E+03
2.47E+01
2.53E+03
1.32E+03
7.64E+02
1.30E+02
1.24E+02
1.77E+01
1.18E+02
1.28E+01
2.73E+02
1.94E+03
3.61 E+03
1.31 E+01
1.60E+02
9.93E+02
1.94E+01

30.0 d
1.91 E+04
2.12E+02
5.58E+03
3.89E+03
2.54E+04
8.73E+02
1.66E+02
1.05E-23
1.27E+02
5.40E+05
1.06E-14
1.53E+02
6.55E+05
5.44E-l 1
2.09E+04
3.49E+05
4.78E+02
2.50E+03
1.81 E+00
2.56E+03
1.32E+03
7.64E+02
1.30E+02
1.24E+02
1.77E+01
1.18E+02
1.28E+01
2.73E+02
1.94E+03
3.61 E+03
8.56E+00
1.65E+02
9.93E+02
2.02E+01

90.0 d
1.92E+04
1.79E+02
5.58E+03
3.84E+03
2.54E+04
8.49E+02
1.86E+02
O.OOE+00
8.17E+0O
5.40E+05
O.OOE+00
1.53E+02
6.55E+05
O.OOE+00
2.09E+04
3.49E+05
2.69E+02
2.71 E+03
4.37E-03
2.56E+03
1.32E+03
7.64E+02
1.30E+02
1.24E+02
1.77E+01
1.18E+02
1.28E+01
2.73E+02
1.94E+03
3.61 E+03
3.21 E+00
1.70E+02
9.93E+02
2.13E+01

180.0 d
1.92E+04
1.38E+02
5.58E+03
3.77E+03
2.55E+04
8.18E+02
2.16E+02
O.OOE+00
1.35E-01

5.40E+05
O.OOE+00
1.53E+02
6.55E+05
O.OOE+00
2.09E+04
3.49E+05
1.13E+02
2.86E+03
5.18E-07
2.56E+03
1.32E+03
7.64E+02
1.30E+02
1.24E+02
1.77E+01
1.18E+02
1.28E+01
2.73E+02
1.94E+03
3.61 E+03
7.37E-01
1.73E+02
9.93E+02
2.23E+01

1 yr
1.93E+04
8.13E+01
5.58E+03
3.61 E+03
2.56E+04
7.60E+02
2.74E+02
O.OOE+00
2.86E-05
5.40E+05
O.OOE+00
1.53E+02
6.55E+05
O.OOE+00
2.09E+04
3.49E+05
1.92E+01
2.96E+03
4.29E-15

2.56E+03
1.32E+03
7.64E+02
1.30E+02
1.24E+02
1.77E+01
1.18E+02
1.28E+01
2.73E+02
1.94E+03
3.61 E+03
3.56E-02
1.73E+02
9.93E+02
2.28E+01

3vyr
1.93E+04
9.97E+00
5.58E+03
3.07E+03
2.62E+04
5.65E+02
4.65E+02
O.OOE+0O
9.41 E-20

5.40E+05
O.OOE+00
1.53E+02
6.55E+05
O.OOE+00
2.09E+04
3.49E+05
1.74E-02

2.98E+03
O.OOE+00
2.56E+03
1.32E+03
7.64E+02
1.30E+02
1.24E+02
1.77E+01
1.18E+02
1.28E+01
2.73E+02
1.94E+03
3.61 E+03
2.31 E-07
1.73E+02
9.93E+02
2.30E+01
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SQH Orce Term Analysis
Al 0 Fuel at EPU Conditions

e
Table 3.2

PPL Revised *ulation

Mass (grams) per Full Core of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 39 GWd/MTU

Maximum Isotopic Mass (4.25 wt% U-235 and 4.50 wt%/ U-235)

Nuclide
os186
rel 87
os188
u234
u235
u236
u237
np237
u238
np238
pu238
u239
np239
pu239
pu240
pu241
am241
pu242
am242m
am242
cm242
pu243
am243
cm243
cm244
cm245
cm246

limit
enr
4.25
4.25
4.25

4.5
4.5
4.5
4.5
4.5
4.5

4.25
4.25
4.25
4.25
4.5

4.25
4.25
4.5

4.25
4.5

4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25

t

0.0 d
1.58E+01
5.51 E+02
1.1 OE+02
4.21 E+03
1.84E+06
7.72E+05
1.22E+03
7.36E+04
1.28E+08
1.81 E+02
2.66E+04
6.33E+01
9.17E+03
7.79E+05
3.43E+05
1.85E+05
7.40E+03
7.27E+04
1.58E+02
1.41 E+01
2.01 E+03
1.60E+01
1.57E+04
5.57E+01
4.81 E+03
1.80E+02
2.44E+01

1 sec
1.58E+01
5.51 E+02
1.1 OE+02
4.21 E+03
1.84E+06
7.72E+05
1.22E+03
7.36E+04
1.28E+08
1.81 E+02
2.66E+04
6.33E+01
9.17E+03
7.79E+05
3.43E+05
1.85E+05
7.40E+03
7.27E+04
1.58E+02
1.41 E+01
2.01 E+03
1.60E+01
1.57E+04
5.57E+01
4.81 E+03
1.80E+02
2.44E+01

30 min
1.58E+01
5.51 E+02
1.1 OE+02
4.21 E+03
1.84E+06
7.72E+05
1.22E+03
7.36E+04
1.28E+08
1.80E+02
2.66E+04
2.61 E+01
9.09E+03
7.79E+05
3.43E+05
1.85E+05
7.40E+03
7.27E+04
1.58E+02
1.38E+01
2.01 E+03
1.50E+01
1.57E+04
5.57E+01
4.81 E+03
1.80E+02
2.44E+01

1 hr
1.58E+01
5.51 E+02
1.1 OE+02
4.21 E+03
1.84E+06
7.72E+05
1.22E+03
7.36E+04
1.28E+08
1.79E+02
2.66E+04
1.08E+01
9.09E+03
7.79E+05
3.43E+05
1.85E+05
7.40E+03
7.27E+04
1.58E+02
1.35E+01
2.01 E+03
1.40E+01
1.57E+04
5.57E+01
4.81 E+03
1.80E+02
2.44E+01

8hr
1.58E+01
5.52E+02
1.10OE+02
4.21 E+03
1.84E+06
7.72E+05
1.1 8E+03
7.36E+04
1.28E+08
1.63E+02
2.67E+04
4.41 E-05
8.33E+03
7.79E+05
3.43E+05
1.85E+05
7.41 E+03
7.27E+04
1.58E+02
1.OOE+01
2.02E+03
5.25E+00
1.57E+04
5.57E+01
4.81 E+03
1.80E+02
2.44E+01

1.0 d
1.59E+01
5.52E+02
1.1OE+02
4.21 E+03
1.84E+06
7.72E+05
1.11 E+03
7.37E+04
1.28E+08
1.31 E+02
2.67E+04
2.13E-17
6.86E+03
7.79E+05
3.43E+05
1.85E+05
7.43E+03
7.27E+04
1.58E+02
5.OOE+00
2.01 E+03
5.60E-01
1.57E+04
5.57E+01
4.82E+03
1.80E+02
2.44E+01

4.0 d
1.59E+01
5.52E+02
1.11 E+02
4.21 E+03
1.84E+06
7.72E+05
8.1 OE+02
7.40E+04
1.28E+08
4.90E+01
2.67E+04
O.OOE+00
2.83E+03
7.87E+05
3.43E+05
1.85E+05
7.50E+03
7.27E+04
1.58E+02
2.24E-01
1.99E+03
2.37E-05
1.57E+04
5.57E+01
4.82E+03
1.80E+02
2.44E+01

30.0 d
1.60E+01
5.52E+02
1.11 E+02
4.22E+03
1.84E+06
7.72E+05
5.63E+01
7.48E+04
1.28E+08
9.86E-03

2.70E+04
O.OOE+00
1.36E+00
7.87E+05
3.43E+05
1.84E+05
8.1 OE+03
7.27E+04
1.58E+02
2.04E-03
1.78E+03
1.51 E-11
1.57E+04
5.55E+01
4.81 E+03
1.80E+02
2.44E+01

90.0 d
1.60E+01
5.52E+02
1.11 E+02
4.26E+03
1.84E+06
7.72E+05
1.25E-01

7.49E+04
1.28E+08
2.87E-05
2.74E+04
O.OOE+00
1.35E-02

7.87E+05
3.43E+05
1.83E+05
9.55E+03
7.27E+04
1.57E+02
2.03E-03
1.38E+03
1.51 E-11

1.57E+04
5.54E+01
4.78E+03
1.80E+02
2.44E+01

180.0 d
1.60E+01
5.52E+02
1.11 E+02
4.31 E+03
1.84E+06
7.72E+05
5.49E-03
7.49E+04
1.28E+08
2.87E-05
2.77E+04
O.OOE+00
1.35E-02

7.87E+05
3.43E+05
1.81 E+05
1.17E+04
7.27E+04
1.57E+02
2.03E-03
9.40E+02
1.51 E-11
1.57E+04
5.50E+01
4.73E+03
1.80E+02
2.44E+01

1 vr
1.60E+01
5.52E+02
1.11 E+02
4.42E+03
1.84E+06
7.72E+05
5.35E-03

7.49E+04
1.28E+08
2.86E-05

2.81 E+04
O.OOE+00
1.35E-02

7.87E+05
3.43E+05
1.76E+05
1.60E+04
7.27E+04
1.57E+02
2.02E-03

4.29E+02
1.51 E-11

1.57E+04
5.43E+01
4.64E+03
1.80E+02
2.44E+01

3 vr
1.60E+01
5.52E+02
1.11 E+02
4.84E+03
1.84E+06
7.72E+05
4.86E-03
7.49E+04
1.28E+08
2.83E-05
2.81 E+04
O.OOE+00
1.34E-02

7.87E+05
3.44E+05
1.60E+05
3.22E+04
7.27E+04
1.56E+02
2.01 E-03
1.96E+01
1.51 E-11
1.57E+04
5.18E+01
4.30E+03
1.80E+02
2.44E+01
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Ni
h
c

n
nf
nfl
nf
m
al

SQH Orce Term
Al0 Fuel at EPU C

limit
iclide enr
3 4.5
15 4.25 1
16 4.25 1
e 23 4.25 1
a 24 4.25 1
i 25 4.25 1
g 27 4.25 1
28 4.25 1

Analysis
onditions

Activity

*0 PPL Revised fulation
Table 3.3

(Curies) per Single Assembly of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWdlMTU

Maximum Activity (4.25 Wt/o U-235 and 4.50 w/t U-235)

ii28
al 29
si 31
ti 51
cr 51
v 52
v 53
mn 54
cr 55
fe 55
mn 56
mn 57
co 58
fe 59
ni59
co 60
co 60m
co61
co 62
ni63
cu 64
ni65
cu 66
zn 72
ga 72
cu 73
zn 73

4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.5

4.25

0.0 d
f 1.43E+02

2.97E-02
2.73E-01
5.29E-02
4.16E-01
3.1 9E-02
1.61 E+00
3.16E+01

f 2.90E+03
8.38E-02
6.65E-01
1.07E-01

9.20E+03
2.05E+02
5.34E-01
6.65E+02
1.56E+02
3.65E+03
1.95E+04
2.35E+00
8.15E+02
2.18E+02
5.16E-01

6.27E+02
8.40E+02
1.68E+01
8.50E-02

7.67E+01
1.01 E+00
9.17E+01
9.48E-01

f 2.56E+00
f 2.57E+00
f 3.65E+00
f 6.52E+00

1 sec
1.43E+02
2.24E-02
2.48E-01
5.19E-02
4.16E-01
3.16E-02
1.61 E+00
3.15E+01
2.90E+03
8.37E-02
6.65E-01
1.07E-01

9.20E+03
2.05E+02
5.30E-01
6.65E+02
1.55E+02
3.65E+03
1.95E+04
2.33E+00
8.15E+02
2.18E+02
5.16E-01

6.27E+02
8.39E+02
1.68E+01
8.43E-02

7.67E+01
1.01 E+00
9.17E+01
9.46E-01

2.56E+00
2.57E+00
3.23E+00
6.43E+00

30 mn
1.43E+02
O.OOE+00
O.OOE+00
1.50E-16
4.07E-01
2.59E-11
1.79E-01
2.95E-03
1.26E+03
3.53E-03
5.83E-01
2.90E-03
9.19E+03
8.02E-01
1.32E-06

6.65E+02
4.07E-01
3.65E+03
1.70E+04
1.44E-06

8.14E+02
2.18E+02
5.16E-01
6.27E+02
1.15E+02
1.36E+01
8.12E-08
7.67E+01
9.85E-01
7.99E+01
1.69E-02

2.55E+00
2.57E+00
O.OOE+00
0.00E+00

1 hr
1.43E+02
O.OOE+00
O.OOE+00
4.11E-31
3.97E-01
2.09E-20
1.99E-02
2.74E-07
5.49E+02
1.49E-04
5.11E-01
7.84E-05
9.19E+03
3.13E-03
3.22E-12
6.65E+02
1.06E-03

3.65E+03
1.49E+04
8.77E-13
8.14E+02
2.18E+02
5.16E-01
6.27E+02
1.58E+01
1.10E+01
7.71 E-14
7.67E+01
9.58E-01
6.97E+01
1.09E-03

2.53E+00
2.57E+00
O.OOE+00
O.OOE+00

8 hr
1.43E+02
O.OOE+00
O.OOE+00
O.OOE+00
2.85E-01
O.OOE+00
8.63E-16
8.78E-10
4.78E-03
8.30E-24
8.03E-02

O.OOE+00
9.12E+03
O.OOE+00
O.OOE+00
6.65E+02
O.OOE+00
3.65E+03
2.27E+03
O.OOE+00
8.12E+02
2.17E+02
5.16E-01

6.27E+02
1.33E-11
5.82E-01

O.OOE+00
7.66E+01
6.54E-01
1.02E+01
7.50E-04

2.28E+00
2.52E+00
O.OOE+00
O.OOE+00

1.0 d
1.43E+02
O.OOE+00
O.OOE+00
O.OOE+00
1.34E-01

O.OOE+00
O.OOE+00
5.17E-10
1.29E-14

O.OOE+00
1.17E-03

O.OOE+00
8.97E+03
O.OOE+00
O.OOE+00
6.64E+02
O.OOE+00
3.65E+03
3.07E+01
O.OOE+00
8.07E+02
2.15E+02
5.16E-01
6.27E+02
O.OOE+00
7.01 E-04
O.OOE+00
7.66E+01
2.73E-01
1.25E-01
6.12E-04
1.79E+00
2.23E+00
O.OOE+00
O.OOE+00

4.0 d
1.43E+02
O.OOE+00
O.OOE+00
O.OOE+00
4.45E-03
O.OOE+00
O.OOE+00
4.75E-11

O.OOE+00
O.OOE+00
6.33E-12

O.OOE+00
8.32E+03
O.OOE+00
O.OOE+00
6.59E+02
O.OOE+00
3.64E+03
1.21 E-07

O.OOE+00
7.83E+02
2.05E+02
5.16E-01

6.26E+02
O.OOE+00
5.13E-17

O.OOE+00
7.66E+01
5.37E-03
3.12E-10
2.45E-04
6.13E-01
8.70E-01

O.OOE+00
O.OOE+00

30.0 d
1.43E+02
O.OOE+00
O.OOE+00
O.OOE+00
6.81 E-16
O.OOE+00
O.OOE+00
4.94E-20
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
4.34E+03
O.OOE+00
O.OOE+00
6.22E+02
O.OOE+00
3.58E+03
O.OOE+00
O.OOE+00
6.07E+02
1.37E+02
5.16E-01
6.21 E+02
O.OOE+00
O.OOE+00
O.OOE+00
7.66E+01
8.69E-18
O.OOE+00
8.92E-08
5.60E-05
8.03E-05

O.OOE+00
O.OOE+00

90.0 d
1.41 E+02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
9.68E+02
O.OOE+00
O.OOE+00
5.45E+02
O.OOE+00
3.43E+03
O.OOE+00
O.OOE+00
3.38E+02
5.37E+01
5.16E-01
6.07E+02
O.OOE+00
O.OOE+00
O.OOE+00
7.65E+01
O.OOE+00
O.OOE+00
1.03E-15
2.66E-14
3.82E-14

O.OOE+00
O.OOE+00

180.0 d
1.39E+02
O.OOE00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.02E+02
O.OOE+00
O.OOE+00
4.46E+02
O.OOE+00
3.22E+03
O.OOE+00
O.OOE+00
1.40E+02
1.32E+01
5.16E-01
5.88E+02
O.OOE+00
O.OOE+00
O.OOE+00
7.64E+01
O.OOE+00
O.OOE+00
1.28E-27
2.77E-28
3.97E-28

O.OOE+00
O.OOE+00

1 vr
1.35E+02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
9.90E-01

O.OOE+00
O.OOE+00
2.96E+02
O.OOE+00
2.84E+03
O.OOE+00
O.OOE+00
2.29E+01
7.38E-01
5.16E-01
5.50E+02
O.OOE+00
O.OOE+00
O.OOE+00
7.61 E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

3 rr
1.21 E+02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00 *
O.OOE+00
O.OOE+00 ,

O.OOE+00 t
1.15E-08 >
O.OOE+00 *

O.OOE+00 F
5.84E+01 at
O.OOE+00 t
1.71 E+03
O.OOE+200
O.OOE+00
1.82E-02
8.44E-06
5.16E-01
4.23E+02 H
O.OOE+00
O.OOE+00
O.OOE+00
7.51 E+01
O.OOE+00 >
O.OOE+00 ('
O.OOE+00 CD
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
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SQH Wce Term Analysis PPL Revised fulation
Al 0 Fuel at EPU Conditions Table 3.3

Activity (Curies) per Single Assembly of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Burnup to 58 GWd/MTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt% U-235)
limit

Nuclide enr 0.0 d 1 sec 30min 1 hr 8 hr 1.Od 4.0 d 30.0 d 90.0 d 180.0 d I yr 3Avr
ga 73 4.25 f 6.64E+00 6.64E+00 6.20E+00 5.77E+00 2.13E+00 2.17E-01 7.55E-06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ge 73m 4.25 f 6.58E+00 6.56E+00 6.12E+00 5.69E+00 2.1OE+00 2.14E-01 7.46E-06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cu 74 4.5 f 4.23E+00 1.60E+00 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+0O.OOE+O0 O.OOE+0O O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00
zn 74 4.5 f 1.49E+01 1.48E+01 3.40E-05 7.68E-1 1 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00
ga 74 4.5 f 4.80E+00 4.80E+00 4.42E-01 3.41E-02 9.17E-18 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+O0
cu 75 4.5 f 4.98E+00 2.38E+0O O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+00 O.OOE+00 O.OOE+00
zn 75 4.5 f 3.24E+01 3.05E+01 O.OOE+O0 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+O0 O.OOE+O0 O.OOE+O0
ga 75 4.5 f 4.04E+01 4.03E+01 2.17E-03 1.08E-07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+00 O.OOE+00
ge 75 4.5 f 4.07E+01 4.07E+01 3.26E+01 2.53E+01 7.53E-01 2.43E-04 4.75E-20 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00
cu 76 4.5 f 3.82E+00 2.78E-01 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 0.OOE+00 t
zn 76 4.5 f 6.54E+01 5.79E+01 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+00 O.OOE+00 O.OOE+OO
ga 76 4.5 f 1.01 E+02 1.OOE+02 2.77E-1 5 6.85E-32 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O 0.OOE+00
as 76 4.25 f 5.54E+00 5.54E+00 5.47E+00 5.40E+00 4.49E+00 2.95E+00 4.42E-01 3.23E-08 1.09E-24 O.OOE+00 O.OOE+00 O.OOE+00
zn 77 4.5 f 8.17E+01 5.88E+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO
ga 77 4.5 f 2.1BE+02 2.10E+02 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+OO Z
ge 77 4.5 f 8.69E+01 8.69E+01 8.44E+01 8.18E+01 5.32E+01 2.OOE+01 2.41 E-01 5.74E-18 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+OO
ge 77m 4.5 f 2.24E+02 2.24E+02 1.72E-08 9.78E-19 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00
as 77 4.5 f 2.64E+02 2.64E+02 2.63E+02 2.61 E+02 2.38E+02 1.87E+02 5.40E+01 7.87E-04 5.41 E-15 9.13E-32 O.OOE+00 O.OOE+00
zn 78 4.5 f 1.1 3E+02 7.04E+01 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+O0
ga 78 4.5 f 5.20E+02 4.65E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ge 78 4.5 f 9.12E+02 9.12E+02 7.20E+02 5.69E+02 2.08E+01 1.08E-02 1.80E-17 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
as 78 4.5 f 9.26E+02 9.26E+02 9.02E+02 8.48E+02 1.04E+02 1.57E-01 1.75E-1 5 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
zn 79 4.5 f 5.11 E+01 2.55E+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00
ga 79 4.5 f 4.54E+02 3.68E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ge 79 4.5 f 1.50E+03 1.46E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00
as 79 4.5 f 1.65E+03 1.64E+03 1.69E+02 1.68E+01 1.56E-1 3 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 1'
se 79m 4.5 f 1.64E+03 1.64E+03 2.90E+02 2.94E+01 2.73E-1 3 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00
zn 80 4.25 f 2.20E+01 6.07E+00 O.OOE+00 O.OOE+0O 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 0.OOE+00
ga 80 4.5 f 4.18E+02 2.79E+02 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 V
ge 80 4.5 f 3.45E+03 3.38E+03 1.50E-115 O.OOE+00 0.OOE+OO O.OOE+OO O.OOE+O0 O.OOE+OO O.OOE+OO O.OOE+OO O.O0E+0O O.OOE+00
as 80 4.5 f 4.13E+03 4.1OE+03 3.1OE-15 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 CD
zn 81 4.25 f 5.16E+00 1.80E-02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ga 81 4.5 f 2.60E+02 1.48E+02 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ge 81 4.5 f 3.66E+03 3.35E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 _
as 81 4.5 f 6.07E+03 6.01 E+03 3.85E-13 2.03E-29 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00
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SQH Orce Term Analysis
Al 0 Fuel at EPU Conditions

PPL Revised Oulation
Table 3.3

Activity (Curies) per Single Assembly of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWdlMTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt%/6 U-235)

Nuclide
se81
se 81m
ga 82
ge 82
as 82
as 82m
br 82
br 82m
ga 83
ge 83
as 83
se 83
se 83m
br 83
kr 83m
ga 84
ge 84
as 84
se 84
br 84
br 84m
ge 85
as 85
se 85
se 85m
br 85
kr 85
kr 85m
ge 86
as 86
se 86
br 86
br 86m
rb 86
rb 86m

limit
enr

4.5
4.5
4.5
4.5
4.5
4.5

4.25
4.25
4.25
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5

4.25
4.25

0.0 d
6.42E+03
4.76E+02
1.33E+02
3.41 E+03
5.62E+03
2.21 E+03
7.95E+02
7.01 E+02
2.14E+01
1.63E+03
8.83E+03
7.02E+03
7.15E+03
1.45E+04
1.47E+04
9.44E+01
1.07E+03
6.69E+03
2.57E+04
2.64E+04
7.41 E+02
1.90E+02
3.67E+03
1.17E+04
1.02E+04
2.85E+04
2.49E+03
2.88E+04
4.04E+01
1.95E+03
2.73E+04
3.42E+04
6.93E+03
4.64E+02
3.80E+01

1 sec
6.42E+03
4.76E+02
4.18E+01
2.94E+03
5.53E+03
2.1 OE+03
7.95E+02
7.OOE+02
2.27E+00
1.1 3E+03
8.46E+03
7.01 E+03
7.14E+03
1.45E+04
1.47E+04
8.1 OE-02
6.05E+02
5.99E+03
2.56E+04
2.64E+04
7.39E+02
1.18E+01
2.62E+03
1.14E+04
9.82E+03
2.85E+04
2.49E+03
2.88E+04
2.42E+00
9.10E+02
2.61 E+04
3.41 E+04
5.94E+03
4.64E+02
3.76E+01

30mn
2.41 E+03
3.32E+02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.89E+02
2.36E+01
O.OOE+00
O.OOE+OO
O.OOE+00
2.77E+03
1.62E-04
1.32E+04
1.46E+04
O.OOE+O0
O.OOE+00
O.OOE+00
3.91 E+01
1.53E+04
2.32E+01
O.OOE+00
O.OOE+00
9.55E-14
O.OOE+00
2.32E+01
2.49E+03
2.69E+04
O.OOE+00
O.OOE+0O
O.OOE+00
6.58E-06

O.OOE+00
4.63E+02
5.03E-08

1 hr
9.63E+02
2.31 E+02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.81 E+02
7.92E-01

O.OOE+00
O.OOE+00
O.OOE+00
1.09E+03
2.99E-112
1.17E+04
1.42E+04
O.OOE+00
O.OOE+00
O.OOE+00
5.88E-02

7.94E+03
7.23E-01
O.OOE+00
O.OOE+00
7.53E-31

O.OOE+00
11.65E-02

2.49E+03
2.49E+04
O.OOE+00
O.OOE+00
O.OOE+00
9.57E-16

O.OOE+00
4.63E+02
6.58E-17

8 hr
2.11 E+00
1.43E+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
6.81 E+02
1.88E-21

O.OOE+00
O.OOE+00
O.OOE+00
2.34E-03
O.OOE+00
1.57E+03
4.10E+03
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
8.39E-01
6.13E-22
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.49E+03
8.44E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
4.58E+02
O.OOE+00

1.0 d
1.89E-05
1.28E-05

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
4.97E+02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.56E-16
O.OOE+00
1.55E+01
5.93E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
6.86E-10

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
2.49E+03
7.1OE+02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
4.47E+02
O.OOE+00

4.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.21 E+02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.44E-08
6.08E-08

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.49E+03
11.03E-02

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
4.OOE+02
O.OOE+O0

30.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
5.78E-04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.48E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.52E+02
O.OOE+00

90.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.05E-1 6
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.45E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.63E+01
O.OOE+00

180.0 d
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.41 E+03
O.OOE+00
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
5.73E-01
O.OOE+00

1 Vr
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+0O
O.OOE+00
2.33E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
5.83E-04
O.OOE+00

3vI
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.05E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
9.22E-16
O.OOE+00
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SQH Qrce Term Analysis 0 PPL Revised ulation
Al0 Fuel at EPU Conditions Table 3.3

Activity (Curies) per Single Assembly of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWd/MTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt% U-235)

Nuclide
ge 87
as 87
se 87
br 87
kr 87
sr 87m
as 88
se 88
br 88
kr 88
rb 88
zr 89
as 89
se 89
br 89
kr 89
rb 89
sr 89
y 89m
se 90
br 90
kr 90
rb 90
rb 90m
sr 90
y 90
zr 90m
se91
br 91
kr91
rb91
sr 91
y 91
y 91m
se 92

limit
enr

4.5
4.5
4.5
4.5
4.5

4.25
4.5
4.5
4.5
4.5
4.5

4.25
4.25

4.5
4.5
4.5
4.5
4.5

4.25
4.5
4.5
4.5
4.5
4.5
4.5
4.5

4.25
4.5
4.5
4.5
4.5
4.5
4.5
4.5

4.25

f
f
f
If
f
f
f
f
f
f
f

f
f
f
f
f
If

If
If
f
f
f
f
f

If
If
f
f
f
f

If
If
If
.f

0.0 d
1.96E+02
9.52E+02
1.57E+04
4.46E+04
5.70E+04
4.45E+00
3.78E+02
8.85E+03
4.18E+04
7.80E+04
8.02E+04
8.71 E+01
1.15E+01
3.1 OE+03
2.98E+04
9.44E+04
1.03E+05
1.07E+05
3.1 OE+02
7.19E+02
1.68E+04
9.99E+04
9.33E+04
3.15E+04
2.24E+04
2.36E+04
2.45E+01
7.99E+01
5.17E+03
6.90E+04
1.29E+05
1.41 E+05
1.44E+05
8.15E+04
7.OOE+00

1 sec
1.10E+00
1.06E+02
1.39E+04
4.42E+04
5.70E+04
4.45E+00
2.19E+0O
5.59E+03
4.04E+04
7.80E+04
8.02E+04
8.71 E+01
3.73E-02
5.71 E+02
2.57E+04
9.42E+04
1.03E+05
1.07E+05
3.01 E+02
1.41 E+02
1.18E+04
9.80E+04
9.32E+04
3.15E+04
2.24E+04
2.36E+04
1.04E+01
6.09E+00
1.64E+03
6.39E+04
1.28E+05
1.41 E+05
1.44E+05
8.15E+04
1.13E-01

30 min
O.OOE+00
O.OOE+00
O.OOE+00
8.66E-06

4.38E+04
3.94E+00
O.OOE+00
O.OOE+00
O.OOE+00
6.91 E+04
7.50E+04
8.67E+01
O.OOE+00
O.OOE+00
O.OOE+00
1.35E+02
3.26E+04
1.07E+05
9.62E+01
O.OOE+00
O.OOE+00
1.74E-12
4.86E+01
2.64E+02
2.24E+04
2.36E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.43E-05
1.36E+05
1.44E+05
8.1 OE+04
O.OOE+00

1 hr
O.OOE+00
O.OOE+00
O.OOE+00
1.60E-1 5
3.34E+04
3.48E+00
O.OOE+00
O.OOE+00
0.OOE+0O
6.11 E+04
6.76E+04
8.64E+01
O.OOE+00
O.OOE+00
O.OOE+00
1.91 E-01

8.30E+03
1.07E+05
9.58E+01
O.OOE+00
O.OOE+00
2.95E-29
1.32E-01

2.09E+00
2.24E+04
2.36E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.89E-14
1.31 E+05
1.44E+05
7.97E+04
O.OOE+00

8 hr
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.35E+02
6.20E-01
O.OOE+00
0.OQE+00
O.OOE+00
1.11E+04
1.24E+04
8.12E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.99E-05
1.06E+05
9.06E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.24E+04
2.35E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.86E+04
1.44E+05
4.99E+04
O.OOE+00

1.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.20E-01
1.20E-02

O.OOE+00
O.OOE+00
O.OOE+00
2.23E+02
2.48E+02
7.05E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.88E-24
1.05E+05
7.98E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.24E+04
2.33E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.45E+04
1.43E+05
1.56E+04
O.OOE+00

4.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.10E-18
2.34E-10
O.OOE+00
O.OOE+00
O.OOE+00
5.116E-06
5.76E-06

3.73E+01
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
1.01 E+05
4.64E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
2.24E+04
2.28E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
1.30E+02
1.39E+05
8.23E+01
O.OOE+00

30.0 d
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
1.50E-01

0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+O0
7.07E+04
6.73E+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
2.23E+04
2.24E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.40E-1 8
1.02E+05
1.52E-18

O.OOE+00

90.0 d
0.OOE+00
0.OOE+00
O.OOE+00
O.QOE+00
O.OOE+O0
O.OOE+O0
O.OOE+O0
O.OOE+00
O.OOE+O0
O.OOE+O0
O.OOE+00
4.48E-07
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.11E+04
2.89E+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.23E+04
2.23E+04
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
0.OOE+0O
5.OOE+04
O.OOE+O0
O.OOE+00

180.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.30E-1 5
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
9.04E+03
8.41 E-01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
2.21 E+04
2.21 E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.72E+04
O.OOE+00
O.OOE+00

1 r
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
2.28E-32

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.13E+02
6.63E-02

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.18E+04
2.19E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.92E+03
O.OOE+00
O.OOE+00

3 yr

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+O0
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00

O.OOE+00
3.19E-02
2.96E-06

O.__._+0l
O.OOE+OO0 PO
O.OOE+00 M
O.OOE+00 _
O.OOE+00
2.08E+04 t-
2.08E+04
O.OOE+00
O.OOE+00
O.QQE+00
O.OOE+00 '0
0.ooE+00 5
O.OOE+00 (D
3.35E-01 IIJ
O.OOE+00
O.OOE+00
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SQH We Term Analysis
AlO0 Fuel at EPU Conditions

0
Table 3.3

PPL Revised fulation

Activity (Curies) per Single Assembly of ATRIUM-i 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Followfing Bumup to 58 GWdIMTU

Maximum Activity (4.25 wt0/o U-235 and 4.50 wt0/o U-235)

Nuclide
br 92
kr 92
rb, 92
sr 92
y 9 2

zr 93
br 93
kr 93
rb 93
sr 93
y 93
br 94
kr 94
rb, 94
sr 94
y 94
kr 95
rb 95
sr 95
y 95
zr 95
nb 95
nb 95m
kr 96
rb 96
sr 96
y 96
nb 96
rb 97
sr 97
y 97
zr 97
nb 97
nb 97m
rb 98

limit
enr

4.5
4.5
4.5
4.5
4.5

4.25
4.25
4.5
4.5
4.5
4.5

4.25
4.5
4.5
4.5
4.5

4.25
4.5
4.5
4.5
4.5
4.5
4.5

4.25
4.5
4.5
4.5

4.25
4.5
4.5
4.5
4.5
4.5
4.5

4.25

f
f
f
f
fI

I
f

.f
f

If
If

f
f
f
f

If
f
f
f
f

If
If
If

f
f
f
f

If
f
f
f

If
If
I f

f

0.O d
9.37E+02
3.77E+04
1.1I6E+05
1.55E+05
1 .56E+05
6.27E-02

3.98E+02
1.33E+04
1.02E+05
1.81 E+05
1 .23E+05
1 .75E+01
6.43E+03
5.45E+04
1.84E+05
2.OOE+05
7.80E+02
2.69E+04
1.66E+05
2.1 2E+05
2.33E+05
2.34E+05
2.59E+03
1 .27E +09
6.76E+03
1 .23E+05
2.08E+05
4.78E+02
1.61 E+03
6.20E+04
1 .72E+05
2.43E+05
2.45E+05
2.30E+05
2.21 E+02

1 sec
1 .40E+02
2.60E+04
1.04E+05
1 .55E+05
1 .56E+05
6.27E-02

7.73E+00
7.76E+03
9.1 8E+04
1.81 E+05
1.23E+05
3.32 E-02

2.36E+02
4.25E+04
1.83E+05
2.OOE+05
3.20E+i02
4.75E+03
1.62E+05
2.1 2E+05
2.33E+05
2.34E+05
2.59E+03
1.18E+01
2.29E+02
6.48E+04
1.95E+05
4.78E+02
2.82E+01
1 .20E+04
1 .45E+05
2.43E+05
2.45E+05
2.30E+05
5.22E-01

30min
0.OOE+00
O.OOE+00
0.OOE+00
1.36E+05
1 .55E+05
6.27E-02
0.OOE+O0
0.OOE+00
0.OOE+00
1.11 E+04
1 .20E+05
0.OOE+00
O.OOE+00
0.OOE+00
1.1 6E-02

7.02E+04
0.OOE+00
0.OOE+00
4.33E-1 7
3.02E+04
2.33E+05
2.34E+05
2.59E+03
0.OOE+00
O.OOE+00
0.OOE+00
0.OOE+00
4.71 E+02
0.00E+00
0.OOE+00
0.OOE+00
2.38E+05
2.44E+05
2.26E+05
0.OOE+00

1 hr
0.OOE+00
0.OOE+00
0.OOE+00
1.20E+05
1.52E+05
6.27E-02
O.OOE+00
O.OOE+00
0.OOE+00
6.72E+02
1. 16E+05
O.OOE+00
0.OOE+00
0.OOE+00
7.20E-1 0
2.31 E+04
0.OOE+00
0.OOE+00
0.OOE+00
4.1 7E+03
2.33E+05
2.34E+05
2.59E+03
0.OOE+00
0.OOE+O0
0.OOE+00
0.OOE+O0
4.64E+02
0.OOE+00
0.OOE+00
0.OOE+00
2.34E+05
2.41 E+05
2.22E+05
0.OOE+00

8 hr
0.OOE+00
0.OOE+00
0.OOE+O0
2.OOE+04
7.28E+04
6.27E-02

0.00E+00
0.OOE+00
0.OOE+00
6.25E-1 5
7.1 9E+04
0.00E+i00
0.OOE+00
0.OOE+00
0.OOE+00
4.OOE-03

0.OOE+00
0.OOE+00
0.OOE+00
3.79E-09

2.32E+05
2.34E+05
2.59E+03
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
3.78E+02
0.OOE+00
O.OOE+00
0.OOE+00
1.75E+05

1.66E+05
0.OOE+00

1.0 d
0.OOE+00
0.OOE+00
0.OOE+00
3.34E+02
4.93E+03
6.27E-02
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
2.40E+04
0.OOE+O0
0.OOE+00
O.OOE+00
0.OOE+O0
1.41 E-1 8

0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
2.30E+05
2.34E+05
2.59E+03
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
2.35E+02
0.OOE+00
0.OOE+00
0.OOE+00
9.09E+04
9.1 3E+04
8.62E+04
0.OOE+00

4.0 d
0.OOE+00
0.OOE+00
0.OOE+00
3.36E-06
4.51 E-03
6.27E-02

0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
1.71 E+02
0.OOE+00
0.OOE+00
0.OOE+O0
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
2.23E+05
2.33E+05
2.55E+03
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
2.77E+01
0.OOE+00
0.OOE+00
0.OOE+00
4.74E+03
4.76E+03
4.50E+03
0.OOE+O0

30.0 d
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
6.27E-02

0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
4.32E-1 7
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
1 .68E+05
2.17E+05
1 .98E+03
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
2.50E-07

0.OOE+00
0.OOE+00
0.OOE+00
3.63E-08
3.92E-08
3.46E-08
0.OOE+00

90.0 d
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
6.27E-02
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE÷00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
8.79E+04
1 .47E+05
1.03E+03
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
6.80E-26
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00

180O.0 d
0.OOE+00
0.OOE+i00
0.OOE+00
0.OOE+00
0.OOE+00
6.27E-02
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
3.32E+04
6.51 E+04
3.90E+02
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+O0
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00

1 yr
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
6.27E-02

0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+O0
0.OOE+00
4.46E+03
9.62E+03
5.25E+01
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00

3 OE+0
0.OOE+00
0.00E+00
0.OOE+00
0.OOE+00

6.27E-02
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
1.64E+00
3.61 E+00
1 .93E-02

0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
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SQH Orce Term Analysis
Al 0 Fuel at EPU Conditions

PPL Revised ulation
Table 3.3

Activity (Curies) per Single Assembly of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWdIMTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt%/ U-235)

Nuclide
sr 98
y98
zr 98
nb 98
nb 98m
rb 99
sr99
y 99
zr 99
nb 99
nb 99m
mo 99
tc 99
tc 99m
sr100
yl 00
zr100
nbWOO
nblOOm
tc100
sr101
yl 01
zr 01
nblOl
molOl
tc101
srl02
yl 02
zr102
nbl 02
mo102
tc102
tcl 02m
yl 03
zrlO3

limit
enr

4.5
4.5
4.5
4.5

4.25
4.25

4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5

4.25
4.25

4.5
4.5

4.25
4.25
4.25
4.5
4.5
4.5

4.25
4.25
4.5
4.5
4.5

4.25
4.25
4.25
4.25
4.5

4.25

f
f
f
f
f
f
f
f
If
f
f

If
If
f
f
f
f
f
f

If
f
f
f
f

If
If

f
f
f
f
f
f
f
f
f

0.0 d
2.69E+04
1.28E+05
2.34E+05
2.37E+05
2.12E+03
6.59E+00
9.12E+03
8.07E+04
2.34E+05
1.51 E+05
1.04E+05
2.61 E+05
3.97E+00
2.32E+05
1.57E+03
2.92E+04
2.25E+05
2.48E+05
2.37E+04
1.04E+05
2.17E+02
1.25E+04
1.36E+05
2.28E+05
2.43E+05
2.43E+05
3.20E+01
4.65E+03
9.1 BE+04
1.98E+05
2.38E+05
2.38E+05
2.61 E+02
1.30E+03
3.71 E+04

1 sec
9.23E+03
5.32E+04
2.31 E+05
2.36E+05
2.12E+03
5.07E-05
7.03E+02
5.14E+04
1.86E+05
1.50E+05
1.04E+05
2.61 E+05
3.97E+00
2.32E+05
5.03E+01
1.15E+04
2.06E+05
2.36E+05
1.87E+04
9.93E+04
6.05E+00
3.14E+03
9.83E+04
2.18E+05
2.43E+05
2.43E+05
2.85E+00
2.15E+03
7.29E+04
1.50E+05
2.38E+05
2.38E+05
2.60E+02
9.04E+01
2.19E+04

30 mn
0.OOE+00
0.OOE+00
5.36E-13
5.91 E-1 3
1.41 E+03
0.OOE+00
0.OOE+00
O.OOE+00
0.OOE+00
0.OOE+00
3.56E+01
2.59E+05
3.97E+00
2.32E+05
0.OOE+00
O.OOE+00
0.OOE+00
0.OOE+00
O.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
5.89E+04
1.41 E+05
O.OOE+00
0.OOE+00
0.OOE+00
O.OOE+00
3.79E+04
3.82E+04
2.19E+00
O.OOE+00
O.OOE+O0

1 hr
O.OOE+00
O.OOE+00
1.19E-30
1.30E-30

9.41 E+02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.19E-02

2.58E+05
3.97E+00
2.31 E+05
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.42E+04
5.29E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
6.01 E+03
6.06E+03
1.84E-02

O.OOE+00
O.OOE+00

8hr
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.23E+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.40E+05
3.97E+00
2.24E+05
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.10E-05
5.53E-04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
3.89E-08
3.92E-08
O.OOE+00
O.OOE+00
O.OOE+00

1.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.51 E-06

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.02E+05
3.98E+00
1.95E+05
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
4.99E-25
1.56E-23

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

4.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
9.50E+04
3.98E+00
9.20E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

30.0 d
O.OOE+O0
O.OOE+00
O.OOE+00
0.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.35E+02
3.98E+00
1.30E+02
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

90.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.60E-05

3.98E+00
3.48E-05

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

180.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+OO
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
4.96E-15
3.98E+00
4.80E-15
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+O0
3.98E+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

O.OOE+OO
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.98E+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
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SQH Orce Term Analysis PPL Revised G9 ulation
Al 0 Fuel at EPU Conditions Table 3.3

Activity (Curies) per Single Assembly of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWd/MTU

Maximum Activity (4.25 wt%/ U-235 and 4.50 wt%/ U-235)
limit

Nuclide enr 0.Od 1 sec 30min 1 hr 8hr 1.0d 4.0d 30.0d 90.0d 180.0d I vr
nb1 03 4.25 f 1.55E+05 1.08E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
mol 03 4.25 f 2.43E+05 2.42E+05 2.332-03 2.17E-1 1 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 0.002+00 0.002+00 O.OOE+00 0.OOE+00
tclO3 4.25 f 2.47E+05 2.47E+05 1.17E-02 1.10E-10 O.OOE+00 O.OOE+OO O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rulO3 4.25 f 2.48E+05 2.48E+05 2.48E+05 2.48E+05 2.47E+05 2.44E+05 2.31E+05 1.46E+05 5.07E+04 1.03E+04 3.93E+02 9.83E-04
rhlO3m 4.25 f 2.48E+05 2.48E+05 2.48E+05 2.48E+05 2.46E+05 2.43E+05 2.31E+05 1.46E+05 5.06E+04 1.03E+04 3.92E+02 9.82E-04
yl 04 4.25 f 6.42E+01 2.90E-01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+O0
zr 04 4.25 f 1.21 E+04 9.22E+03 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+O O.OOE+00 O.OOE+0000 0.002+00 .OOE+00 O.OOE+00 O.OOE+00
nblO4 4.25 f 7.82E+04 6.91E+04 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00
mol 04 4,25 f 2.04E+05 2.03E+05 1.982-04 1.83E-13 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
tcl04 4.25 f 2.15E+05 2.15E+05 7.28E+04 2.34E+04 2.88E-03 4.65E-19 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO
rh104 4.25 f 1.98E+05 1.95E+05 1.43E+02 1.19E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rh104m 4.25 f 1.45E+04 1.44E+04 1.20E+02 9.95E-01 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
zrl05 4.5 f 2.53E+03 6.18E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 '
nblO5 4.25 f 3.24E+04 2.58E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
mo105 4.25 f 1.55E+05 1.53E+05 9.58E-1 1 5.70E-26 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0
tcl 05 4.25 f 1.85E+05 1.85E+05 1.29E+04 8.34E+02 1.93E-14 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rul05 4.25 f 1.89E+05 1.89E+05 1.80E+05 1.66E+05 5.58E+04 4.59E+03 6.01 E-02 O.OOE+00 0.002+00 0.OOE+00 O.OOE+00 0.OOE+00
rhIO5 4.25 f 1.74E+05 1.74E+05 1.74E+05 1.74E+05 1.64E+05 1.25E+05 3.07E+04 1.50E-01 8.25E-14 2.28E-32 O.OOE+00 O.OOE+00
rh105m 4.25 f 5.36E+04 5.36E+04 5.12E+04 4.74E+04 1.59E+04 1.31E+03 1.71E-02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
zrl06 4.25 f 1.87E+02 8.69E+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE-+00 O.OOE+00 O.OOE+00 O.OOE+00
nbl 06 4.25 f 7.32E+03 3.71 E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00
mol 06 4.25 f 9.33E+04 8.63E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 0.002+00 O.OOE+00 O.OOE+00 0.002+00
tcl06 4.25 f 1.40E+05 1.39E+05 1.51 E-1 0 1.33E-25 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00
rulO6 4.25 f 1.26E+05 1.26E+05 1.26E+05 1.26E+05 1.26E+05 1.26E+05 1.25E+05 1.19E+05 1.06E+05 8.99E+04 6.36E+04 1.63E+04
rh106 4.25 f 1.36E+05 1.36E+05 1.26E+05 1.26E+05 1.26E+05 1.26E+05 1.25E+05 1.19E+05 1.06E+05 8.99E+04 6.36E+04 1.63E+04 J
rh1O6m 4.25 f 4.69E+03 4.69E+03 4.00E+03 3.41E+03 3.63E+02 2.17E+00 2.16E-10 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
nbl 07 4.25 f 1.38E+03 5.56E+02 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00 O.OO+00 O.OOE+00 O.OOE+00 O.OOE+00
mol 07 4.25 f 4.02E+04 3.31 E+04 O.OOE+00 0.002+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
tcl 07 4.25 f 9.95E+04 9.75E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ru1O7 4.25 f 1.18E+05 1.18E+05 5.05E+02 1.97E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.002+00 0.OOE+00 O.OOE+00 O.OOE+00O
rhlO7 4.25 f 1.18E+05 1.18E+05 5.56E+04 2.14E+04 3.19E-02 1.53E-15 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pdl07m 4.25 f 1.78E+03 1.72E+03 O.OOE+00 0.002+00 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+OO O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 CD
nbl08 4.25 f 4.41E+01 2.53E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.002+00
mo108 4.25 f 6.47E+03 4.08E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 .
tc1O8 4.25 f 3.67E+04 3.27E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.0E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+000
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SQH Orce Term Analysis PPLRevised °ulation
Al 0 Fuel at EPU Conditions Table 3.3

Activity (Curies) per Single Assembly of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWd/MTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt% U-235)
limit

Nuclide enr O.Od I sec 30mi 1 hr 8hr 1.0d 4.0d 30.0d 90.0d 180.0d i .3v
rulO8 4.25 f 7.74E+04 7.73E+04 8.09E+02 8.37E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rhl08 4.25 f 7.85E+04 7.84E+04 8.63E+02 8.92E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rhlO8m 4.25 f 1.1 1E+03 1.11E+03 3.47E+01 1.08E+00 9.18E-22 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
mo109 4.25 f 6.76E+02 4.13E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
tcl 09 4.25 f 1.22E+04 7.63E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rul 09 4.25 f 5.11 E+04 5.03E+04 1.71 E-1 1 5.59E-27 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rhl09 4.25 f 5.88E+04 5.87E+04 3.06E-02 5.14E-09 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rh1 09m 4.25 f 2.94E+04 2.93E+04 1.31 E-06 1.89E-17 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 .OOE+00 O.OOE+00 O.OOE+00
pdl 09 4.25 f 7.74E+04 7.74E+04 7.56E+04 7.37E+04 5.18E+04 2.30E+04 6.03E+02 1.17E-11 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pdl 09m 4.25 f 5.25E+02 5.24E+02 6.24E+00 7.39E-02 O.OOE+00 0.00E+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 O..OE+00 ZO.
agl09m 4.25 f 7.74E+04 7.74E+04 7.57E+04 7.38E+04 5.18E+04 2.30E+04 6.03E+02 3.55E-04 3.24E-04 2.83E-04 2.15E-04 7.18E-05
mo110 4.25 f 6.94E+01 5.40E+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
tcl 10 4.25 f 2.02E+03 9.10E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rul 10 4.25 f 1.70E+04 1 .63E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rh110 4.25 f 2.58E+03 2.07E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 -
rh110m 4.25 f 1.96E+04 1.96E+04 3.79E-15 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 Z
ag 10 4.25 f 4.66E+04 4.53E+04 1.74E+01 1.74E+01 1.74E+01 1.74E+01 1.73E+01 1.60E+01 1.36E+01 1.06E+01 6.33E+00 8.34E-01
ag1lOm 4.25 f 1.28E+03 1.28E+03 1.28E+03 1.28E+03 1.28E+03 1.28E+03 1.27E+03 1.18E+03 9.99E+02 7.78E+02 4.65E+02 6.13E+01
mo111 4.25 f 5.45E+00 1.23E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
tcl11 4.25 f 3.82E+02 2.70E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00
ru111 4.25 f 5.73E+03 3.82E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rh111 4.25 f 1.07E+04 1.03E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.0OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pd11 4.25 f 1.14E+04 1.1 4E+04 4.94E+03 2.21 E+03 1.35E+02 1.80E+01 2.06E-03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pd111m 4.25 f 4.71 E+02 4.71 E+02 4.43E+02 4.16E+02 1.72E+02 2.29E+01 2.62E-03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ag11 4.25 f 1.16E+04 1.16E+04 1.16E+04 1.16E+04 1.1 3E+04 1.06E+04 8.01 E+03 7.13E+02 2.68E+00 6.20E-04 2.03E-1 1 O.OOE+00
ag111m 4.25 f 1.16E+04 1.16E+04 5.22E+03 2.38E+03 1.68E+02 2.24E+01 2.57E-03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cdliim 4.25 f 9.55E+01 9.55E+01 6.23E+01 4.06E+01 1.02E-01 1.15E-07 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 )

tcl 12 4.25 f 5.59E+01 1.1 5E+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rul 12 4.25 f 1.80E+03 1.48E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rh1 12 4.25 f 4.12E+03 3.20E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 n
pd1 12 4.25 f 5.01 E+03 5.01 E+03 4.93E+03 4.85E+03 3.85E+03 2.27E+03 2.12E+02 2.51 E-07 6.34E-28 O.OOE+00 O.OOE+00 O.OOE+00 a
ag1 12 4.25 f 5.03E+03 5.03E+03 5.02E+03 5.01 E+03 4.38E+03 2.67E+03 2.49E+02 2.95E-07 7.45E-28 O.OOE+00 O.OOE+00 O.OOE+00 CD
in113m 4.25 1 5.27E+02 5.27E+02 5.27E+02 5.27E+02 5.26E+02 5.24E+02 5.14E+02 4.40E+02 3.06E+02 1.78E+02 5.84E+01 7.17E-01
sn1 13 4.25 1 5.27E+02 5.27E+02 5.27E+02 5.27E+02 5.26E+02 5.23E+02 5.14E+02 4.40E+02 3.06E+02 1.78E+02 5.84E+01 7.17E-01.
sn 13m 4.25 1 1.70E+02 1.70E+02 6.45E+01 2.44E+01 3.02E-05 9.44E-19 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
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SQH Orce Term Analysis
Al 0 Fuel at EPU Conditions

PPL Revised fulation
Table 3.3

Activity (Curies) per Single Assembly of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Burnup to 58 GWd/MITU

Maximum Activity (4.25 wt% U-235 and 4.50 wt% U-235)

Nuclide
tc113
rull3
rhi 13
pd113
ag 13
ag113m
cd113m
inl 14
inl 14m
rul 14
rhl 14
pd114
ag114
ru115
rh 15
pd115
agli5
ag115m
cd115
cdl 15m
inl 1 5m
rul 16
rh 16
pd116
ag16
agll6m
inl 16
Ml 16m
rhi 17
pdl17
agll7
agl17m
cdll7
cdl l7m
inl17

limit
enr
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25

f
f
f
f
f
f
f

f

f
f
f
f
f
f
f
If
f

I f
f
f
f
f
f
If
f
If
f
f
f
f

If

0.0 d
1.13E+01
5.43E+02
1.94E+03
2.82E+03
2.74E+03
5.48E+02
1.12E+01
1.36E+02
9.OOE+01
1.72E+02
9.05E+02
2.06E+03
2.13E+03
3.60E+01
3.54E+02
1.20E+03
9.53E+02
3.99E+02
1.43E+03
7.03E+01
1.43E+03
1.06E+01
1.56E+02
1.20E+03
1.39E+03
1.82E+02
2.83E+02
1.06E+03
6.24E+01
8.40E+02
7.65E+02
7.65E+02
1.34E+03
3.09E+02
1.OOE+03

1 sec
3.88E+00
4.32E+02
1.16E+03
2.81 E+03
2.74E+03
5.48E+02
1.12E+01
1.35E+02
9.OOE+01
1 .58E+02
6.57E+02
2.05E+03
2.12E+03
1.63E+01
3.27E+02
1.1 9E+03
9.53E+02
3.96E+02
1.43E+03
7.03E+01
1.43E+03
7.04E+00
7.95E+01
1.15E+03
1.39E+03
1.70E+02
2.69E+02
1.06E+03
3.55E+01
7.37E+02
7.61 E+02
7.19E+02
1.34E+03
3.09E+02
1.OOE+03

30 min
0.OOE+00
O.OOE+00
O.OOE+00
4.27E-03

2.58E+03
3.01 E-03
1.12E+01
8.61E+01
8.99E+01
O.OOE+00
O.OOE+00
4.29E-01
4.42E-01

O.OOE+00
O.OOE+00
7.21 E-12

3.48E+02
3.70E-12
1.42E+03
7.03E+01
1.43E+03
O.OOE+00
O.OOE+O0
O.OOE+0O
6.39E-01
O.OOE+O0
O.OOE+00
7.25E+02
O.OOE+00
O.OOE+00
2.88E-05

O.OOE+00
1.17E+03
2.79E+02
9.94E+02

1 hr
O.OOE+00
O.OOE+00
O.OOE+00
6.34E-09

2.42E+03
4.49E-09
1.12E+01
8.61 E+01
8.99E+01
O.OOE+00
O.OOE+00
8.80E-05
9.09E-05

O.OOE+00
O.OOE+00
3.93E-26
1.23E+02
2.02E-26
1.41 E+03
7.03E+01
1.43E+03
O.OOE+00
O.OOE+00
O.OOE+00
2.72E-04

O.OOE+00
O.OOE+00
4.94E+02
O.OOE+00
O.OOE+OO
1.03E-12
O.OOE+00
1.02E+03
2.52E+02
9.67E+02

8 hr
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
9.81 E+02
O.OOE+00
1.12E+01
8.57E+01
8.95E+01
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
5.86E-05
O.OOE+00
1.29E+03
7.OOE+01
1.37E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.28E+00
O.OOE+00
O.OOE+OO
O.OOE+00
O.OOE+00
1.46E+02
5.95E+01
3.06E+02

1.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
1.24E+02
O.OOE+00
1.12E+01
8.49E+01
8.87E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
2.08E-19

O.OOE+00
1.05E+03
6.93E+01
1.14E+03
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
1.05E-05

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.69E+00
2.19E+00
6.25E+00

4.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.14E-02

O.OOE+00
1.12E+01
8.1 4E+01
8.51 E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
4.13E+02
6.61 E+01
4.50E+02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
3.34E-09,
7.81 E-07
1.01 E-06

30.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.12E+01
5.66E+01
5.91 E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.27E-01

4.41 E+01
1.43E-01

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

90.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.11E+01
2.44E+01
2.55E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
9.90E-10
1.74E+01
1.92E-03

O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

180.0 d
O.OOE+00
O.OOE+00
O.OOE+00
0.002+00
O.OOE+00
0.002+00
1.1012+01
6.93E+00
7.24E+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
6.85E-22

4.292+00
4.74E-04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.002+00
O.OOE+00
O.OOE+00
0.002+00
0.002+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

1 vr
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.07E+01
5.18E-01
5.41 E-01

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.41 E-01
2.66E-05
0.002+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

3vyr
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+OO
9.69E+00
1.88E-05
1.96E-05

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.82E-06
3.12E-10
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.002+00
O.OOE+00

O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+00
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SQH rce Term Analysis PPL Revised *ulation
Al 0 Fuel at EPU Conditions Table 3.3

Activity (Curies) per Single Assembly of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWdWMTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt*/o U-235)
limit

Nuclide enr 0.Od 1 sec 30min 1 hr 8hr 1.0d 4.Od 30.0d 90.0d 180.0d 1 vr 3vr
inl17m 4.25 f 1.23E+03 1.23E+03 1.21E+03 1.18E+03 3.53E+02 6.24E+00 4.16E-08 O.OOE+00 0.002+00 O.OOE+00 O.OOE+00 O.OOE+00
sn 17m 4.25 I f 3.80E+03 3.80E+03 3.80E+03 3.79E+03 3.74E+03 3.61 E+03 3.11 E+03 8.24E+02 3.87E+01 3.94E-01 3.13E-05 2.12E-21
rh1 18 4.25 f 1.51 E+01 1.79E+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00
pdl 18 4.25 f 4.11 E+02 3.30E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
agI 18 4.25 f 6.89E+02 6.34E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ag 18m 4.25 f 4.89E+02 3.99E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0
cd118 4.25 f 1.21 E+03 1.21 E+03 8.02E+02 5.30E+02 1.63E+00 2.92E-06 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
nl 18 4.25 I f 1.21 E+03 1.21 E+03 8.04E+02 5.31 E+02 1.63E+00 2.93E-06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
rh1 19 4.25 f 4.45E+00 1.OOE+00 O.OOE+00 O.OOE+0O O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pdl 19 4.25 f 1.70E+02 1.15E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00
agI 19 4.25 f 7.07E+02 5.47E+02 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 F
cdl 19 4.25 f 8.14E+02 8.13E+02 3.62E-01 1.59E-04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cdl 19m 4.25 f 4.18E+02 4.17E+02 3.31 E-02 2.59E-06 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 '
in 19 4.25 I f 5.47E+02 5.47E+02 8.63E+00 2.49E+00 2.35E-07 2.07E-23 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
inl 19m 4.25 f 7.39E+02 7.39E+02 2.74E+02 8.62E+01 8.16E-06 7.19E-22 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.0OE+00
sn1 19m 4.25 I f 3.85E+03 3.85E+03 3.85E+03 3.85E+03 3.85E+03 3.84E+03 3.81 E+03 3.58E+03 3.11E+03 2.52E+03 1.62E+03 2.88E+02 Z
pdl20 4.25 f 1.10E+02 9.22E+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00
ag1 20 4.25 f 5.18E+02 3.31 E+02 0O.OOE+00 0.OO0+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 I
cdl20 4.25 f 1.17E+03 1.16E+03 2.58E-08 5.52E-19 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 1
inl2O 4.25 f 1.19E+03 1.19E+03 2.75E-08 5.87E-19 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 C0
inl20m 4.25 f 2.20E+01 2.17E+01 4.13E-1 I 7.65E-23 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 C
pdl 21 4.25 f 4.52E+01 1.54E+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ag1 21 4.25 f 3.64E+02 1.68E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cdl 21 4.25 f 1.15E+03 1.11 E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
inl2l 4.25 f 1 .16E+02 1.13E+02 7.85E-02 3.69E-04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
inl2lm 4.25 f 1.18E+03 1.18E+03 5.89E+00 2.77E-02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+000 0.002+00 .OOE+00 O.OOE+00 O.OOE+OO
snl2l 4.25 I f 2.31E+03 2.31 E+03 2.28E+03 2.25E+03 1.89E+03 1.25E+03 1.99E+02 8.96E-01 8.93E-01 8.91 E-01 8.86E-01 8.63E-01
snl21m 4.25 1 3.97E-01 3.97E-01 3.97E-01 3.97E-01 3.97E-01 3.97E-01 3.97E-01 3.97E-01 3.96E-01 3.95E-01 3.92E-01 3.83E-01
pdl 22 4.25 f 1.47E+01 8.99E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ag122 4.25 f 1.86E+02 5.22E+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cdl 22 4.25 f 1.23E+03 1.09E+03 O.OOE+00 O.OOE+00 0.002+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+000
inl22 4.25 f 1.38E+03 1.29E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.002+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 8
in1 22m 4.25 f 1.49E+02 1.40E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
sbl 22 4.25 I f 5.06E+02 5.06E+02 5.02E+02 5.00E+02 4.64E+02 3.91E+02 1.81E+02 2.28E-01 4.68E-08 4.33E-18 O.OOE+00 O.OOE+00
sbl22m 4.25 I f 3.02E+01 3.02E+01 2.16E-01 1.55E-03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+200 0.OOE+00
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SQH 9 rce Ternm Analysis
Al 0 Fuel at EPU Conditions

PPL Revilsed Oulation
Table 3.3

Activity (Curies) per Single Assembly of ATRIUM-i10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Burnup to 58 GWd/MVTU

.Maximum Activity (4.25 wt0/0* U-235 and 4.50 wto U-235)

Nuclide
tel23m
pdl123
agi 23
cdl 23
in 123
inl23rn
sn123
snl23rn
agi 24
cdl 24
in124
sbl 24
sbl24m
agi 25
cdl 25
in 125
inl25m
snl125
snl25m
sb125
tel2Sm
ag126
cd126
in126
sb126
sbl26m
agi 27
cdl 27
in127
inl27m
sn127
snl27rn
sb127
tel127
tel27m

limit
enr
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25

I f
f
f
f
f
f

I f
I f

f
f
f

I f
I f

f
f
f
f

I f
I f
I f
I f

f
f
f

I f
I f

f
f
f
f
f
f
f

I f
I f

0.0 d
8.01 E+O0
2.59E+00
7.58E+01
8.03E+02
1.04E+03
2.84E+02
1.97E+02
1.34E+03
5.49E+01
1 .17E+03
2.26E+03
2.39E+02
4.1 1E+00
2.27E+01
6.82E+02
1.27E+03
9.99E+02
8.09E+02
3.08E+03
2.47E+03
5.65E+02
1.13E+01
8.65E+02
3.1 3E+03
8.31 E+01
9.43E+01
6.47E+00
6.90E+02
2.82E+03
2.82E+03
5.62E+03
7.52E+03
1 .39E+04
1 .38E+04
2.36E+03

1 sec,
8.01 E+00
2.56E-01
1.34E+01
7.45E+02
9.94E+02
2.83 E+02
1 .97E+02
1 .34E+03
3.90E+00
5.48E+02
1 .97E+03
2.39E+02
4.08E+00
2.86E+00
4.38E+02
1 .04E+03
9.53E+02
8.09E+02
3.08E+03
2.47E+03
5.65E+02
8.74E-02

2.20E+02
1 .94E+03
8.31 E+01
9.42E+01
1 .23E-01

2.05E+02
1.62E+03
2.37E+03
5.62E+03
7.51 E+03
1.39E+04
1 .38E+04
2.36E+03

30 min
8.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
1.51 E-09
1.97E+02
8.03E+02
0.OOE+00
0.OOE+00
0.OOE+00
2.39E+02
6.1 4E-06

0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
8.08E+02
3.49E+02
2.47E+03
5.65E+02
0.OOE+00
0.OOE+00
0.OOE+00
8.31 E+01
3.1 7E+01
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
4.77E+03
4.93E+01
1.38E+04
1.38E+04
2.36E+03

1 hr
8.OOE+00
0.OOE+00
0.OOE+00
0.OOE+O0
0.OOE+00
6.92E-21
1 .97E+02
4.78E+02
0.OOE+00
0.OOE+00
0.OOE+00
2.39E+02
9.1 1 E-1 2
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
8.07E+02
3.93E+01
2.47E+03
5.65E+02
0.OOE+00
0.OOE+00
0.OOE+00
8.29E+01
1.07E+01
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
4.04E+03
3.21 E-01
1 .38E+04
1 .38E+04
2.36E+03

8 hr
8.OOE+00
0.OOE+0O
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
1.96E+02
3.35E-01
0.OOE+O0
0.OOE+00
0.OOE+00
2.38E+02
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
7.89E+02
2.06E-112
2.47E+03
5.65E+02
0.OOE+00
0.OOE+00
0.OOE+00
8.16E+01
1.81 E-01
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
4.01 E+02
0.OOE+00
1.32E+04
1 .36E+04
2.36E+03

1.0 d
7.96E+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
1.95E+02
2.07E-08

0.OOE+00
0.OOE+00
0.OOE+00
2.36E+02
0.00E+00
0.OOE+O0
0.OOE+00
0.OOE+00
0.OOE+00
7.52E+02
0.OOE+00
2.47E+03
5.65E+02
0.OOE+00
0.OOE+00
0.OOE+00
7.86E+01
1.81 E-01

0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
2.04E+00
0.OOE+00
1.17E+04
1 .28E+04
2.36E+03

7.82E+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
1 .92E+02
0.OOE+00
0.OOE+O0
0.OOE+00
0.OOE+00
2.29E+02
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
6.07E+02
0.OOE+00
2.47E+03
5.65E+02
0.OOE+00
0.OOE+00
0.OOE+00
6.65E+01
1.81 E-01

0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
9.74E-1 1

0.OOE+00
6.81 E+03
8.54E+03
2.34E+03

30.0 d
6.74E+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+O0
0.OOE+00
1 .67E+02
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
1.69E+02
0.OOE+0O
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
9.36E+01
0.OOE+O0
2.43E+03
5.65E+02
0.OOE+00
0.OOE+00
0.OOE+00
I1.56E+01
1.81 E-01

0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+O0
0.OOE+00
6.31 E+01
2.04E+03
2.02E+03

90.0 d
4.76E+O0
0.OOE+00
0.OOE+00
0.OOE2+00
0.OOE+00
0.OOE+00
1.21 E+02
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
8.48E+01
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
1 .25E+00
0.OOE+00
2.33E+03
5.55E+02
0.OOE+00
0.OOE+00
0.OOE+00
5.67E-01
1.81 E-01

0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
1 .28E-03
1.35E+03
1 .38E+03

180.0 d
2.83E+00
0.OOE+O0
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
7.48E+01
0.OOE+00
0.OOE+O0
0.OOE+00
0.OOE+00
3.01 E+01
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+O0
0.OOE+00
1 .94E-03

0.OOE+00
2.1 9E+03
5.30E+02
0.OOE+i00
0.OOE+00
0.OOE+00
2.88E-02
1.81 E-01

0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+O0
0.OOE+00
0.OOE+00
1.18E-10

7.63E+02
7.79E+02

9.65E-01
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
2.76E+01
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
3.56E+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
3.1 8E-09
0.OOE+00
1.92E+03
4.69E+02
0.OOE+00
0.OOE+00
0.OOE+00
2.53E-02
1.81 E-01

0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
3.84E-25

2.35E+02
2.40E+02

1 .40E-02
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
5.49E-01
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
7.92E-04
0.OOE+O0
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
1 .16E+03
2.83E+02
0.OOE+00
0.OOE+00
0.OOE+00
2.53E-02
1.81 E-01

0.OOE+00
0.OOE+00
0.OOE..00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
2.26E+00
2.31 E+00
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SQH Orce Term Analysis
Al 0 Fuel at EPU Conditions

PPL Revised fulation
Table 3.3

Activity (Curies) per Single Assembly of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWd/MTU

Maximum Activity (4.25 wtc/o U-235 and 4.50 wt% U-235)

Nuclide
ag128
cdl 28
in128
sn128
sbl 28
sbl28m
cd129
in129
sni 29
snl29m
sb129
te129
tel29m
xe129m
cdl 30
inl3O
snl3O
sb130
sbl30m
i1 30
ii 30m
cdl 31
inl3l
sn131
sb131
tel 31
tel31m
ii 31
xel31m
in132
sn132
sb132
sbl32m
te132
i132

limit
enr
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.5

4.25
4.25
4.25
4.25
4.25

4.5
4.5

4.25
4.5

4.25
4.25
4.25

4.5
4.5
4.5
4.5

4.25
4.5

4.25
4.25
4.25
4.25
4.5
4.5
4.5

0.0 d
2.90E+00
5.82E+02
4.42E+03
2.08E+04
2.32E+03
2.22E+04
2.94E+02
5.14E+03
1.89E+04
1.65E+04
4.77E+04
4.54E+04
9.19E+03
2.23E+01
1.05E+02
3.36E+03
4.60E+04
1.58E+04
6.18E+04
6.42E+03
3.45E+03
1.69E+01
1.56E+03
4.04E+04
1.08E+05
1.18E+05
3.04E+04
1.41 E+05
2.15E+03
4.1 OE+02
3.32E+04
6.78E+04
6.13E+04
2.01E+05
2.06E+05

1 sec
1.83E-03

3.01 E+02
2.26E+03
2.08E+04
2.32E+03
2.22E+04
2.87E+01
1.65E+03
1.88E+04
1.65E+04
4.77E+04
4.54E+04
9.19E+03
2.23E+01
2.45E+01
4.20E+02
4.59E+04
1.58E+04
6.18E+04
6.42E+03
3.44E+03
2.43E-02
1.20E+02
3.97E+04
1.08E+05
1.18E+05
3.04E+04
1.41 E+05
2.15E+03
9.86E+00
3.26E+04
6.76E+04
6.12E+04
2.01E+05
2.06E+05

30 min
O.OOE+00
O.OOE+00
O.OOE+00
1.46E+04
2.26E+03
1.73E+04
O.OOE+00
O.OOE+00
1.25E+00
7.42E+02
4.46E+04
4.50E+04
9.19E+03
2.22E+01
0.OOE+00
O.OOE+00
1.72E+02
9.36E+03
4.48E+03
6.27E+03
3.42E+02
O.OOE+00
O.OOE+00
5.19E-10
4.42E+04
9.07E+04
3.01 E+04
1.41 E+05
2.15E+03
O.OOE+00
9.48E- 10
4.80E+02
4.27E+01
2.01 E+05
2.05E+05

1 hr
O.OOE+00
0.OOE+00
O.OOE+00
1.03E+04
2.20E+03
1.24E+04
O.OOE+00
O.OOE+00
1.80E-04

3.33E+01
4.12E+04
4.39E+04
9.19E+03
2.22E+01
O.OOE+00
O.OOE+00
6.42E-01
5.53E+03
1.73E+02
6.1 OE+03
3.39E+01
O.OOE+00
O.OOE+00
6.56E-24
1.79E+04
5.76E+04
2.98E+04
1.41 E+05
2.15E+03
O.OOE+00
2.67E-23
3.39E+00
2.54E-02
2.OOE+05
2.05E+05

8hr
O.OOE+00
O.OOE+00
O.OOE+00
7.45E+01
1.31 E+03
9.04E+01
O.OOE+00
O.OOE+00
1.32E-23
4.48E-18
1.37E+04
2.1 OE+04
9.17E+03
2.17E+01
O.OOE+00
O.OOE+00
O.OOE+00
3.48E+00
1.49E-18

4.12E+03
3.04E-13

O.OOE+00
O.OOE+00
O.OOE+00
5.70E-02

5.70E+03
2.53E+04
1.38E+05
2.13E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.88E+05
1.93E+05

1.0 d
O.OOE+00
O.OOE+00
O.OOE+00
9.60E-04
3.84E+02
1.17E-03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.1OE+03
7.03E+03
9.05E+03
2.06E+01
O.OOE+00
O.OOE+00
O.OOE+00
1.68E-07

O.OOE+O0
1.68E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.55E-14

3.94E+03
1.75E+04
1.32E+05
2.11E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
1.63E+05
1.68E+05

4.0d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.51 E+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.31 E-02

5.45E+03
8.51 E+03
1.63E+01
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
2.97E+01
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.46E+02
3.32E+03
1.04E+05
1.97E+03
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+0O
8.61 E+04
8.87E+04

30.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.15E-21
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.19E+03
4.98E+03
2.15E+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.89E-14

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
4.09E-04
1.82E-03
1.11 E+04
7.02E+02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.41 E+02
3.51 E+02

90.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
9.25E+02
1.44E+03
2.OOE-02
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.45E-18
6.45E-18

6.28E+01
2.75E+01
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
9.75E-04
1.OOE-03

180.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.45E+02
2.25E+02
11.79E-05

O.OOE+00
O.OOE+0O
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.68E-02
1.52E-01

O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
4.71 E-12
4.86E-12

1 yr
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.16E+00
4.94E+00
9.55E-12

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.11 E-09
3.14E-06

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.61 E-29
3.72E-29

3 vr
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+OO
9.02E-07
1.41 E-06

O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.03E-24

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
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SQH Qrce Term Analysis 9 PPL Revised fulation
Al 0 Fuel at EPU Conditions Table 3.3

Activity (Curies) per Single Assembly of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Burnup to 58 GWd/MTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt% U-235)

Nuclide
csl 32
in133
sn133
sbl 33
tel 33
tel 33m
i1 33
i133m
xel 33
xel33m
sn134
sb134
sbl34m
tel 34
i134
i134m
xe134m
cs134
csl 34m
sn135
sbl 35
tel 35
i135
xel 35
xel 35m
csl 35m
bal35m
sn136
sbl 36
te136
i136
i136m
csl 36
bal36m
sb137

limit
enr
4.25
4.25
4.25
4.5
4.5
4.5
4.5

4.25
4.5

4.25
4.25
4.5

4.25
4.5
4.5

4.25
4.25
4.25
4.25
4.25
4.25

4.5
4.5
4.5

4.25
4.25
4.25
4.25
4.25

4.5
4.5
4.5
4.5
4.5
4.5

0.0 d
9.34E+OO
1.45E+01
9.02E+03
8.70E+04
1.52E+05
1.24E+05
2.85E+05
2.30E+04
2.74E+05
9.22E+03
1.62E+03
1.55E+04
1.25E+04
2.39E+05
3.12E+05
3.11 E+04
9.61 E+03
5.58E+04
9.91 E+03
1.39E+02
7.90E+03
1.37E+05
2.74E+05
7.50E+04
6.25E+04
1.38E+04
1.82E+02
1.21 E+01
1.28E+03
5.96E+04
1.21 E+05
5.99E+04
1.54E+04
1.77E+03
7.20E+02

1 sec
9.34E+0O
2.86E-02
5.57E+03
8.66E+04
1.52E+05
1.24E+05
2.85E+05
2.22E+04
2.74E+05
9.22E+03
8.29E+02
7.35E+03
1.17E+04
2.39E+05
3.12E+05
3.1 OE+04
1.53E+03
5.58E+04
9.91 E+03
2.64E+01
5.28E+03
1.32E+05
2.74E+05
7.50E+04
6.25E+04
1.38E+04
1.82E+02
4.60E+0o
5.51 E+02
5.73E+04
1.20E+05
5.90E+04
1.54E+04
1.73E+03
1.68E+02

30 min
9.32E+00
O.OOE+OO
O.OOE+0O
2.13E+01
4.62E+04
8.59E+04
2.83E+05
8.78E+03
2.74E+05
9.21 E+03
O.OOE+00
O.OOE+00
O.OOE+00
1.46E+05
2.72E+05
1.11 E+02
2.56E+OO
5.58E+04
8.80E+03
O.OOE+00
O.OOE+00
O.OOE+0O
2.60E+05
8.26E+04
4.70E+04
9.33E+03
1.80E+02
O.OOE+00
O.OOE+00
O.OOE+00
4.36E-02
1.68E-07
1.54E+04
1.72E+03
O.OOE+00

1 hr
9.30E+00
O.OOE+00
O.OOE+00
5.18E-03
1.84E+04
5.90E+04
2.80E+05
6.03E+03
2.74E+05
9.20E+03
O.OOE+0O
O.OOE+00
O.OOE+00
8.85E+04
2.20E+05
3.96E-01
9.13E-03

5.58E+04
7.81 E+03
O.OOE+OO
O.OOE+OO
O.OOE+00
2.46E+05
8.90E+04
4.14E+04
6.30E+03
1.78E+02
O.OOE+00
O.OOE+00
O.OOE+00
1.38E-08
4.67E-19
1.53E+04
1.72E+03
O.OOE+00

8 hr
9.01 E+00
O.OOE+00
O.OOE+00
O.OOE+00
6.96E+01
3.08E+02
2.24E+05
3.15E+01
2.73E+05
9.03E+03
O.OOE+0O
O.OOE+OO
O.OOE+0O
8.36E+01
1.90E+03
O.OOE+00
O.OOE+0O
5.58E+04
1.47E+03
O.OOE+00
O.OOE+OO
O.OOE+0O
1.18E+05
1.22E+05
1.92E+04
2.60E+01
1.50E+02
O.OOE+O0
O.OOE+OO
O.OOE+0O
O.OOE+0O
O.OOE+0O
1.51 E+04
1.69E+03
O.OOE+0O

1.0 d
8.39E+00
O.OOE+00
O.OOE+00
O.OOE+00
4.23E-04
1.87E-03
1.32E+05
1.91 E-04

2.65E+05
8.25E+03
O.OOE+00
O.OOE+O0
O.OOE+00
1.02E-05
7.08E-03

O.OOE+00
O.OOE+00
5.58E+04
3.27E+01
O.OOE+00
O.OOE+00
O.OOE+00
2.18E+04
7.02E+04
3.55E+03
9.15E-05
1.02E+02
O.OOE+00
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
1.46E+04
1.63E+03
O.OOE+00

4.0 d
6.09E+0O
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.19E+04
O.OOE+O0
1.95E+05
3.93E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
5.56E+04
1.17E-06

O.OOE+O0
O.OOE+00
O.OOE+O0
1.09E+01
5.08E+02
1.78E+00
O.OOE+00
1.79E+01
O.OOE+O0
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00
1.25E+04
1.40E+03
O.OOE+00

30.0 d
3.77E-01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.11 E-05

O.OOE+0O
6.43E+03
1.11 E+00
O.OOE+OO
O.OOE+0O
0.OOE+00
O.OOE+0O
O.OOE+0O
O.OOE+00
O.OOE+00
5.43E+04
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
1.50E-18

O.OOE+00
O.OOE+0O
5.1 OE-06
O.OOE+O0
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+O0
3.17E+03
3.55E+02
O.OOE+00

90.0 d
6.15E-04

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.60E-26

O.OOE+00
2.31 E+0O
6.25E-09
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+0O
5.14E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
3.98E-21

O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.34E+02
1.50E+01
O.OOE+00

180.0 d
4.05E-08

O.OOE+O0
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+0O
O.OOE+0O
1.57E-05
2.65E-21

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+OO
4.73E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
1.17E+00
1.31 E-01

O.OOE+00

1.OOE-16
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.63E-1 6
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.99E+04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
6.79E-05
7.61 E-06
O.OOE+00

3 yr
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+OO
O.OOE+00
O.OOE+00
O.OOE+00 Z
O.OOE+00 T
O.OOE+00 s
O.OOE+00 U

O.OOE+00
O.OOE+00 '

O.OOE+00
O.OOE+00 U

2.04E+04 ~
O.OOE+O0 0
O.OOE+OO ¢5
O.OOE+00
O.OOE+OO 0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
0.OOE+00
O.OOE+00
O.OOE+OO
O.OOE+00 -o
O.OOE+O0 W
O.OOE+00 CD
1.32E-21 kL
1.48E-22 k

O.OOE+0O j33
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SQH frce Term Analysis PPL Revised Oulation
Al 0 Fuel at EPU Conditions Table 3.3

Activity (Curies) per Single Assembly of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWd/MTU

Maximum Activity (4.25 wt/% U-235 and 4.50 wt% U-235)
limit

Nuclide enr 0.0 d 1 sec 30 min 1 hr 8 hr 1.0 d 4.0 d 30.0 d 90.0 d 180.0 d jI vr 3 vr
tel 37 4.5 f 2.07E+04 1.70E+04 0.002+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
i137 4.5 f 1.32E+05 1.29E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00. O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
xel 37 4.5 f 2.61E+05 2.60E+05 1.19E+03 5.13E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cs137 4.5 f 3.30E+04 3.30E+04 3.30E+04 3.30E+04 3.30E+04 3.30E+04 3.30E+04 3.30E+04 3.28E+04 3.27E+04 3.23E+04 3.08E+04
bal37m 4.5 f 3.14E+04 3.14E+04 3.12E+04 3.12E+04 3.12E+04 3.12E+04 3.12E+04 3.11E+04 3.iOE+04 3.082+04 3.05E+04 2.91E+04
sb138 4.25 f 1.83E+01 3.33E-01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
tel 38 4.25 f 5.41 E+03 3.30E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 Z
i138 4.5 f 6.81E+04 6.16E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 t
xel 38 4.5 f 2.36E+05 2.35E+05 5.39E+04 1.23E+04 1.29E-05 3.85E-26 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.002+00
cs138 4.5 f 2.58E+05 2.58E+05 1.90E+05 1.12E+05 1.44E+01 1.53E-08 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 u
csl 38m 4.25 f 1.24E+04 1.23E+04 9.77E+00 7.69E-03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
tel 39 4.25 f 8.49E+02 2.56E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 a
i139 4.5 f 2.92E+04 2.17E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 24
xe139 4.5 f 1.69E+05 1.66E+05 3.79E-09 8.28E-23 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
csl39 4.5 f 2.38E+05 2.38E+05 2.67E+04 2.83E+03 6.51E-11 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.002+00 O.OOE+00 a
ba139 4.5 f 2.46E+05 2.46E+05 2.13E+05 1.69E+05 5.43E+03 2.09E+00 9.00E-16 O.OOE+00 O.OOE+00 O.OOE+00 0.002+00 0.00E+00 I
tel40 4.25 f 1.18E+02 5.41E+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.002+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O
il 40 4.5 f 8.51 E+03 3.83E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O
xel40 4.5 f 1.15E+05 1.10E+05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cs140 4.5 f 2.13E+05 2.12E+05 7.64E-04 2.37E-12 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
bal40 4.5 f 2.47E+05 2.47E+05 2.46E+05 2.46E+05 2.42E+05 2.34E+05 1.99E+05 4.83E+04 1.85E+03 1.39E+01 5.91 E-04 3.39E-21
la140 4.5 f 2.70E+05 2.70E+05 2.70E+05 2.70E+05 2.67E+05 2.60E+05 2.26E+05 5.57E+04 2.13E+03 1.60E+01 6.81E-04 3.91E-21
pr1 40 4.25 f 7.32E+00 7.29E+00 1.59E-02 3.44E-05 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 4
i141 4.25 f 1.19E+03 2.64E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.002+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
xe141 4.5 f 4.56E+04 3.06E+04 O0OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
csl41 4.5 f 1.61E+05 1.58E+05 3.12E-17 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
bal4l 4.5 f 2.21E+05 2.21E+05 7.21E+04 2.31E+04 2.77E-03 4.18E-19 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
la141 4.5 f 2.24E+05 2.24E+05 2.16E+05 2.01E+05 5.90E+04 3.48E+03 1.03E-02 0.002+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cel4l 4.5 f 2.25E+05 2.25E+05 2.25E+05 2.25E+05 2.24E+05 2.21E+05 2.08E+05 1.19E+05 3.31E+04 4.86E+03 9.35E+01 1.60E-05 0
i1 42 4.25 f 3.85E+02 1.22E+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.002+00 q
xe142 4.5 f 1.86E+04 1.05E+04 0.002+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 CD
csl 42 4.5 f 9.28E+04 6.64E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.002+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
bal 42 4.5 f 2.08E+05 2.08E+05 2.93E+04 4.11E+03 4.86E-09 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 I
la142 4.5 f 2.17E+05 2.17E+05 1.90E+05 1.54E+05 6.33E+03 4.25E+00 2.26E-14 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
prI 42 4.25 f 1.72E+04 1.72E+04 1.69E+04 1.66E+04 1.29E+04 7.20E+03 5.29E+02 7.93E-08 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00
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SQH °rce Term Analysis PPL Revised fulation
Al 0 Fuel at EPU Conditions Table 3.3

Activity (Curies) per Single Assembly of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWd/MTU

Maximum Activity (4.25 wt%/a U-235 and 4.50 wt% U-235)
limit

Nuclide enr 0.Od 1 sec 30min 1 hr 8hr 1.0d 4.0d 30.0d 90.0d 180.0d 1 vir
i143 4.25 f 3.87E+00 6.85E-01 O.OOE+O0 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00
xe143 4.25 f 2.95E+03 1.43E+03 O.OOE+00 O.OOE+0O O.OOE+O0 O.OOE+0O O.OOE+O0 O.OOE+00 O.OOE+0O O.OOE+O0 O.OOE+00 O.OOE+O0
cs143 4.5 f 4.52E+04 3.13E+04 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
bal43 4.5 f 1.74E+05 1.67E+05 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
lal43 4.5 f 2.01 E+05 2.01E+05 4.70E+04 1.08E+04 1.24E-05 4.51E-26 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ce143 4.5 f 2.04E+05 2.04E+05 2.03E+05 2.01E+05 1.73E+05 1.24E+05 2.73E+04 5.55E-02 4.06E-15 O.OOE+00 O.OOE+00 O.OOE+00
pri 43 4.5 f 1.97E+05 1.97E+05 1.97E+05 1.97E+05 1.96E+05 1.95E+05 1.76E+05 4.74E+04 2.21E+03 2.22E+01 1.72E-03 1.06E-19
xe144 4.25 f 6.53E+02 3.47E+02 O.OOE+O0 O.OOE+0O O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 17
cs144 4.5 f 1.42E+04 7.40E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+O0 O.00E+00 .OOE+00
bal44 4.5 f 1.31E+05 1.24E+05 O.OOE+00 O.OOE+0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+00 O.00E+00 O.OOE+00 .
la144 4.5 f 1.76E+05 1.75E+05 1.29E-08 7.19E-22 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 O.0OE+00 O.OOE+00 O.OOE+00
cel 44 4.5 f 1.89E+05 1.89E+05 1.89E+05 1.89E+05 1.89E+05 1.88E+05 1.87E+05 1.76E+05 1.52E+05 1.22E+05 7.77E+04 1.31 E+04 ;
pr1 44 4.5 f 1.90E+05 1.90E+05 1.89E+05 1.89E+05 1.89E+05 1.88E+05 1.87E+05 1.76E+05 1.52E+05 1.22E+05 7.77E+04 1.31E+04 Z
pr1 44m 4.5 f 2.65E+03 2.65E+03 2.64E+03 2.64E+03 2.64E+03 2.64E+03 2.62E+03 2.46E+03 2.12E+03 1.71E+03 1.09E+03 1.84E+02
xel 45 4.25 f 6.98E+01 3.23E+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 a
cs145 4.25 f 3.74E+03 1.19E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 I-A
bal 45 4.5 f 6.02E+04 5.15E+04 0.OOE+00 O.OOE+00 O.00E+00 O.OOE+OO O.OOE+OO00 O.OOE+00 O.OOE+00 O.0E+00 .OOE+OO O.OOE+OO CE
lal45 4.5 f 1.24E+05 1.22E+05 -0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+000
ce145 4.5 f 1.40E+05 1.40E+05 1.61E+02 1.61 E-01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pr1 45 4.5 f 1.40E+05 1.40E+05 1.33E+05 1.26E+05 5.59E+04 8.75E+03 2.09E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
xel 46 4.25 f 6.05E+00 1.76E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cs146 4.5 f 7.26E+02 9.81 E+01 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 t
ba146 4.5 f 2.98E+04 2.18E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 ° 00E+00°
la146 4.5 f 7.97E+04 7.40E+04 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ce146 4.5 f 1.13E+05 1.13E+05 2.45E+04 5.26E+03 2.34E-06 9.87E-28 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00O
pri46 4.5 f 1.14E+05 1.14E+05 7.85E+04 3.96E+04 2.70E-01 2.91 E-13 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cs147 4.25 f 1.91E+01 5.35E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ba147 4.25 f 5.88E+03 2.19E+03 O.OOE+0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
la147 4.5 f 3.67E+04 3.19E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ce147 4.5 f 8.66E+04 8.59E+04 2.22E-05 5.45E-1 5 O.OOE+00 O.OOE0+ O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O Q
pr147 4.5 f 9.15E+04 9.15E+04 2.13E+04 4.61E+03 2.33E-06 1.31E-27 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 (
nd147 4.5 f 9.29E+04 9.29E+04 9.28E+04 9.27E+04 9.10E+04 8.73E+04 7.22E+04 1.40E+04 3.17E+02 1.08E+00 9.01E-06 8.47E-26 l
pm147 4.5 f 3.14E+04 3.14E+04 3.14E+04 3.14E+04 3.14E+04 3.15E+04 3.16E+04 3.16E+04 3.05E+04 2.85E+04 2.50E+04 1.47E+04
cs148 4.25 f 3.51 E+00 1.19E-01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
bal48 4.25 f 1.21 E+03 3.85E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
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SQH Orce Term Analysis 0 PPL Revised Oulation
Al0 Fuel at EPU Conditions Table 3.3

Activity (Curies) per Single Assembly of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWd/MTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt%/. U-235)
limit

Nuclide enr 0.0 d I sec 30 min 1 hr 8 hr 1.0 d 4.0 d 30.0 d 90.0 d 180.0 d 1 vr 3 vr
la1 48 4.5 f 1.20E+04 6.54E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ce148 4.5 f 6.18E+04 6.11E+04 1.31 E-05 2.75E-1 5 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
prl 48 4.5 f 7.23E+04 7.23E+04 1.22E+01 1.28E-03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pml48 4.5 f 2.88E+04 2.88E+04 2.87E+04 2.87E+04 2.76E+04 2.54E+04 1.73E+04 7.46E+02 5.61 E+01 1.23E+01 5.50E-01 2.60E-06
pml48m 4.5 f 4.78E+03 4.78E+03 4.78E+03 4.78E+03 4.75E+03 4.70E+03 4.47E+03 2.89E+03 1.05E+03 2.33E+02 1.04E+01 4.92E-05
bal49 4.25 f 1.37E+02 5.04E+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 Z
lal 49 4.25 f 3.61 E+03 2.73E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 t
ce149 4.5 f 3.27E+04 2.90E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pr149 4.25 f 5.15E+04 5.14E+04 5.34E+00 5.38E-04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0
nd149 4.25 f 5.70E+04 5.70E+04 4.76E+04 3.90E+04 2.34E+03 3.77E+00 1.03E-12 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 t
pm149 4.25 f 9.22E+04 9.22E+04 9.19E+04 9.16E+04 8.47E+04 6.88E+04 2.69E+04 7.77E+00 5.30E-08 2.99E-20 O.OOE+00 O.OOE+00 '

bal 50 4.25 f 1.25E+01 6.05E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.002+00 O.OOE+00 0.002+00 O.OOE+00 O.OOE+00 Z
la150 4.25 f 6.50E+02 2.13E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cel 50 4.25 f 1.59E+04 1.34E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 I

pr150 4.25 f 3.38E+04 3.18E+04 -0.002+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 )

pml50 4.25 f 1.00E+03 1.00E+03 8.81 E+02 7.74E+02 1.27E+02 2.02E+00 1.65E-08 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 Oz
lal 51 4.25 f 1.11E+02 4.23E+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.002+00 O.OOE+00 t9
cel 51 4.25 f 4.82E+03 2.47E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pr1 51 4.25 f 1.84E+04 1.78E+04 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
nd151 4.25 f 3.12E+04 3.12E+04 5.96E+03 1.12E+03 7.69E-08 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00
pml5l 4.25 f 3.15E+04 3.15E+04 3.13E+04 3.10E+04 2.61E+04 1.77E+04 3.05E+03 7.37E-04 3.96E-19 O.OOE+00 O.OOE+00 O.OOE+00
sm151 4.5 f 9.852+01 9.85E+01 9.85E+01 9.86E+01 9.87E+01 9.90E+01 9.95E+01 9.96E+01 9.95E+01 9.93E+01 9.89E+01 9.74E+01
cel 52 4.25 f 6.58E+02 6.01 E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pr1 52 4.25 f 6.44E+03 5.88E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ndl 52 4.25 f 2.11E+04 2.11E+04 3.42E+03 5.51E+02 4.47E-09 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pm152 4.25 f 2.19E+04 2.19E+04 5.26E+03 8.60E+02 6.99E-09 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pml52m 4.25 f 8.20E+02 8.19E+02 5.17E+01 3.25E+00 5.00E-17 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
eul52m 4.5 f 3.63E+01 3.63E+01 3.50E+01 3.37E+01 2.00E+01 6.10E+00 2.88E-02 2.01E-22 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cel 53 4.25 f 2.29E+02 1.43E+02 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pr153 4.25 f 2.78E+03 2.41E+03 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 0.00E+00 -
nd153 4.25 f 1.23E+04 1.22E+04 1.18E-04 1.10E-12 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 c
pml 53 4.25 f 1.49E+04 1.49E+04 3.86E+02 8.20E+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 Q
sm1 53 4.25 I f 1.04E+05 1.04E+05 1.03E+05 1.02E+05 9.22E+04 7.26E+04 2.47E+04 2.15E+00 9.25E-10 8.24E-24 O.OOE+00 O.OOE+00
gdl 53 4.25 I f 1.05E+03 1.05E+03 1.05E+03 1.05E+03 1.05E+03 1.05E+03 1.04E+03 9.67E+02 8.13E+02 6.28E+02 3.69E+02 4.54E+01
cel 54 4.25 f 2.37E+01 1.68E+01 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 I
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SQH Orce Term Analysis 0 PPL Revised Oulation
AlO0 Fuel at EPU Conditions Table 3.3

Activity (Curies) per Single Assembly of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWdIMTU

Maximum Activity (4.25 wtr/o U-235 and 4.50 wt0/0 U-235)

Nuclide
pr1 54
nd154
pm154
pml54m
eul 54
gdl 55m
pr1 55
nd155
pmr155
sm155
eu155
pr156
nd156
pm156
sm156
eu156
nd157
pm157
sm157
eu157
pr1 57
nd158
pmr158
sm158
eul 58
nd159
pm159
sm159
eu159
gd159
pm160
sm160
eu16O
tb1 60
sm161

limit
enr
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25

f
f
f
f
fI

I
f
f
f

If
If

f
f
f
f

If
f
f
f
f
f

If
f
f
f
f
f
f
f

If
f
f
f

If
f

0.0 d
5.78E+02
6.56E+03
8.20E+03
1.64E+03
2.41 E+03
2.28E+01
1.27E+02
2.39E+03
5.31 E+03
6.80E+03
1.01 E+03
1.91 E+01
9.18E+02
2.85E+03
4.23E+03
7.32E+04
2.39E+02
1.36E+03
2.73E+03
5.95E+03
2.78E+00
3.95E+01
3.84E+02
1.46E+03
1.62E+03
3.44E+0O
9.18E+01
6.22E+02
8.36E+02
4.36E+04
1.02E+01
1.88E+02
3.36E+02
1.64E+04
4.18E+01

1 sec
3.1 OE+02
6.45E+03
8.19E+03
1.64E+03
2.41 E+03
4.22E-09
6.89E+01
2.30E+03
5.27E+03
6.80E+03
1.01 E+03
3.11 E+00
8.86E+02
2.75E+03
4.23E+03
7.32E+04
1.81 E+02
1.35E+03
2.73E+03
5.95E+03
4.48E-01

3.05E+01
3.26E+02
1.45E+03
1.62E+03
1.1 7E+00
7.32E+01
6.20E+02
8.36E+02
4.36E+04
4.01 E+00
1.86E+02
3.33E+02
1.64E+04
3.63E+01

30 min
O.OOE+00
1.88E-10
6.95E-02
7.02E-01
2.41 E+03
O.OOE+00
O.OOE+00
O.OOE+00
3.50E-08
2.77E+03
1.01 E+03
O.OOE+00
O.OOE+00
O.OOE+00
4.07E+03
7.31 E+04
O.OOE+00
1.91 E-06

2.23E+02
5.84E+03
O.OOE+00
O.OOE+00
O.OOE+00
3.36E+01
1.15E+03
O.OOE+00
O.OOE+00
2.82E-01
3.OOE+02
4.28E+04
O.OOE+00
6.45E-06
1.64E-05

1.64E+04
O.OOE+00

1 hr
O.OOE+00
5.28E-24
3.89E-07
2.99E-04

2.41 E+03
O.OOE+00
O.OOE+00
O.OOE+00
1.79E-19
1.09E+03
1.01 E+03
O.OOE+00
O.OOE+00
O.OOE+00
3.93E+03
7.31 E+04
O.OOE+00
2.64E-15
1.69E+01
5.71 E+03
O.OOE+00
O.OOE+0O
O.OOE+00
7.70E-01

7.37E+02
O.OOE+00
O.OOE+00
1.27E-04

9.50E+01
4.21 E+04
O.OOE+00
2.19E-1 3
5.57E-1 3
1.64E+04
O.OOE+00

8hr
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.41 E+03
O.OOE+00
0.OOE+O0
O.OOE+00
O.OOE+00
2.33E-03
1.01 E+03
O.OOE+00
O.OOE+00
O.OOE+00
2.34E+03
7.22E+04
O.OOE+00
O.OOE+00
3.65E-15
4.15E+03
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
1.30E+00
O.OOE+00
O.OOE+00
O.OOE+00
9.83E-06
3.24E+04
O.OOE+00
O.OOE+00
O.OOE+00
1.63E+04
O.OOE+00

1.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.41 E+03
O.OOE+00
O.OOE+OO
O.OOE+00
O.OOE+00
2.56E-16
1.01 E+03
O.OOE+00
O.OOE+00
O.OOE+00
7.20E+02
7.OOE+04
O.OOE+00
O.OOE+00
O.OOE+00
2.OOE+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
6.56E-07

O.OOE+00
O.OOE+00
O.OOE+00
1.06E-21
1.78E+04
O.OOE+00
O.OOE+00
O.OOE+00
1.62E+04
O.OOE+00

4.0 d
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.41 E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.01 E+03
O.OOE+00
O.OOE+00
O.OOE+00
3.56E+00
6.11 E+04
O.OOE+00
O.OOE+00
O.OOE+00
7.46E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.21 E+03
O.OOE+00
O.OOE+00
O.OOE+00
1.58E+04
O.OOE+00

30.0 d
0.OOE+0O
0.OOE+00
0.OOE+00
0.OOE+00
2.39E+03
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.OOE+03
O.OOE+00
0.OOE+0O
O.OOE+00
3.70E-20
1.87E+04
O.OOE+00
O.OOE+00
O.OOE+00
3.15E-11

O.OOE+00
O.OOE+00
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
9.18E-08
O.OOE+00
O.OOE+00
O.OOE+00
1.23E+04
O.OOE+00

90.0 d
O.OOE+0O
O.OOE+00
O.OOE+00
O.OOE+00
2.36E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
9.78E+02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.21 E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
6.91 E+03
O.OOE+00

180.0 d
0.OOE+00
0.OOE+O0
O.OOE+00
O.OOE+00
2.32E+03
0.00E+O0
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
9.42E+02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.98E+01
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.92E+03
O.OOE+00

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.22E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
8.74E+02
O.OOE+00
O.OOE+00
O.OOEO0
O.OOE+00
4.21 E-03

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
4.95E+02
O.OOE+00

3 vr
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+OO
1.89E+03
O.OOE+00
O.OOE+00
O.OOE+00 *;t
O.OOE+00 0
O.OOE+00
6.50E+02,
O.OOE+00
O.OOE+00 v
O.OOE+00 t

O.OOE+00
1.39E-17 7

O.OOE+00 )A

O.OOE+00 a
0.002+00 Q

O.OOE+00
O.OOE+00
O.OOE+00 r
O.OOE+00
O.OOE+000
O.OOE+OO
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O00
O.OOE+00 CD
O.OOE+00
4.50E-01 K
O.OOE+OO
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SOH Orce Term Analysis PPL Revised fulation
Al0 Fuel at EPU Conditions Table 3.3

Activity (Curies) per Single Assembly of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWd/MTU

Maximum Activity (4.25 wt% U-235 and 4.50 wt% U-235)

Nuclide
eu161
gdl6l
tbl61
sm162
eul62
gdl 62
tbl 62
eu163
gdl 63
tb163
gdl 64
tbl 64
tb165
dyl 65
dyl 65m
dyl 66
ho166
er 67m
er169
tm170
hf175
lu176m
lu177
hf 1 78m
hf179m
tal80
hf180m
hf 181
w1 81
ta182
tal82m
tal 83
w183m
w1 85
w185m

limit
enr
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.5

4.25
4.25
4.5
4.5

4.25
4.5

4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25

f
If
If
f
f

If
If
f
f
f
f
f
f

IIf
If

If

I.

O.Od
1.31 E+02
5.06E+03
8.08E+03
5.74E+00
3.19E+01
7.14E+01
7.25E+01
6.44E+00
2.48E+01
2.82E+01
7.37E+00
1.01 E+01
3.40E+00
3.06E+03
1.96E+03
1.45E+01
7.57E+02
1.81 E+01
3.18E-01
5.36E-02

2.86E+00
2.60E+00
1.12E+O0
3.02E-01
1.87E+02
2.30E-02
1.19E+01
4.48E+02
1.87E+O0
5.61 E+01
1.06E-01
1.54E+02
1.69E+02
5.96E+01
1.09E-01

1 sec
1.29E+02
5.04E+03
8.08E+03
5.04E+00
3.18E+01
7.13E+01
7.25E+01
5.91 E+00
2.47E+01
2.82E+01
7.36E+00
1.01 E+01
3.39E+00
3.06E+03
1.94E+03
1.45E+01
7.57E+02
1.34E+01
3.18E-01
5.36E-02
2.86E+00
2.60E+00
1.12E+00
2.54E-01
1.81 E+02
2.30E-02
1.19E+01
4.48E+02
1.87E+00
5.61 E+01
1.06E-01
1.54E+02
1.67E+02
5.96E+01
1.08E-01

30 min
1.78E-11
1.73E+01
8.06E+03
O.OOE+00
1.48E-02

7.29E+00
2.27E+01
O.OOE+00
3.67E-05
1.05E+01
2.82E+00
3.28E+00
2.21 E-04

2.65E+03
6.00E-04
1.45E+01
7.48E+02
O.OOE+00
3.18E-01
5.36E-02

2.86E+O0
2.36E+00
1.12E+00
O.OOE+00
O.OOE+0O
2.22E-02
1.12E+01
4.48E+02
1.87E+00
5.61 E+01
2.86E-02
1.53E+02
1.53E+02
5.96E+01
4.26E-07

1 hr
2.29E-24
5.90E-02
8.05E+03
O.OOE+00
6.81 E-06
6.13E-01

3.04E+00
O.OOE+00
5.28E-1 1

3.61 E+00
1.08E+00
1.26E+00
1.16E-08

2.29E+03
2.46E-08
1.44E+01
7.38E+02
O.OOE+00
3.17E-01
5.36E-02
2.86E+00
2.14E+00
1.11 E+00
O.OOE+00
O.OOE+0O
2.13E-02
1.05E+01
4.47E+02
1.87E+00
5.61 E+01
7.70E-03
1.53E+02
1.53E+02
5.96E+01
1.66E-12

8 hr
O.OOE+00
O.OOE+00
7.81 E+03
O.OOE+00
O.OOE+00
5.45E-16
6.89E-115
O.OOE+00
O.OOE+00
1.18E-06
1.60E-06
1.85E-06
O.OOE+00
2.86E+02
O.OOE+00
1.36E+01
6.18E+02
O.OOE+00
3.10E-01
5.35E-02
2.85E+00
5.65E-01
1.08E+00
O.OOE+00
O.OOE+0O
1.25E-02

4.35E+O0
4.45E+02
1.87E+00
5.60E+01
7.97E-11
1.47E+02
1.47E+02
5.94E+01
O.OOE+00

1.0 d
O.OOE+00
O.OOE+00
7.30E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.0OE+00
O.OOE+00
1.79E-21
7.51 E-20
8.72E-20
O.OOE+00
2.47E+00
O.OOE+00
1.19E+01
4.13E+02
O.OOE+00
2.96E-01
5.34E-02

2.83E+00
2.67E-02
1.01 E+00
O.OOE+00
O.OOE+00
3.45E-03
5.80E-01

4.40E+02
1.86E+00
5.58E+01
4.46E-29
1.34E+02
1.34E+02
5.91 E+01
O.OOE+00

4.0 d
O.OOE+00
O.OOE+00
5.41 E+03
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.28E-09

O.OOE+00
6.43E+00
7.14E+01
O.OOE+00
2.37E-01
5.25E-02
2.75E+00
2.93E-08
7.40E-01
O.OOE+00
0.OOE+00
8.16E-06
6.64E-05
4.19E+02
1.83E+00
5.48E+01
O.OOE+00
8.94E+01
8.94E+01
5.74E+01
O.OOE+00

30.0 d
O.OOE+00
O.OOE+00
3.97E+02
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
3.21 E-02
5.01 E-02

O.OOE+00
3.48E-02
4.56E-02
2.13E+00
O.OOE+00
5.110E-02

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.74E+02
1.58E+00
4.68E+01
O.OOE+00
2.62E+00
2.62E+00
4.52E+01
O.OOE+00

90.0 d
O.OOE+00
O.OOE+00
9.57E-01

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.57E-07
2.44E-07

O.OOE+00
4.17E-04
3.30E-02
1.17E+00
O.OOE+00
6.23E-04

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.03E+02
1.12E+00
3.26E+01
O.OOE+00
7.57E-04
7.57E-04

2.60E+01
O.OOE+00

180.0 d
O.OOE+00
O.OOE+00
1.13E-04

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.69E-15
2.63E-15

O.OOE+00
5.48E-07
2.03E-02
4.82E-01

O.OOE+00
3.53E-04

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.36E+01
6.68E-01
1.90E+01
O.OOE+00
3.72E-09
3.72E-09
1.13E+01
O.OOE+00

O.OOE+00
O.OOE+00
9.41 E-13
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
6.85E-32
9.13E-32
O.OOE+00
6.40E-13
7.49E-03
7.70E-02

O.OOE+00
1.59E-04

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.14E+00
2.32E-01
6.21 E+00
O.OOE+00
4.42E-20
4.42E-20

2.05E+00
O.OOE+00

0.00E+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+O0
O.OOE+00
O.OOE+00
O.OOE+00 4
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.002E+00O.OOE+00
O.OOE+00
O.OOE+00
O.OpE+OO0

4 A&C aA

5.57E-05
O.OOE+00 t
6.83E-06 M
O.OOE+00 ,d
O.OOE+00
O.OOE+00 ~4
O.OOE+00
7.39E-06
3.55E-03
7.60E-02 -O
O.OOE+00 0)
O.OOE+00 -
O.OOE+00 W
2.42E-03 I
O.OOE+00 .
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SQH Srce Term Analysis PPL Revised Oulation
Al 0 Fuel at EPU Conditions Table 3.3

Activity (Curies) per Single Assembly of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWdWMTU

Maximum Activity (4.25 Wt/o U-235 and 4.50 wt% U-235)
limit

Nuclide enr 0.0d 1 sec 30min 1 hr 8hr 1.0d 4.0d 30.0d 90.0d 180.0d 1 vr 3vr
rel86 4.25 I 5.05E+01 5.05E+01 5.03E+01 5.01 E+01 4.75E+01 4.21 E+01 2.42E+01 2.05E-01 3.39E-06 2.27E-1 3 3.89E-28 0.OEE+00
w187 4.25 1 5.17E+02 5.17E+02 5.1OE+02 5.02E+02 4.1OE+02 2.58E+02 3.19E+01 4.41E-07 3.22E-25 O.OOE+00 0.OOE+00 0.OOE+00
wi 88 4.25 1 2.72E+00 2.72E+00 2.71 E+00 2.71 E+00 2.71 E+00 2.69E+00 2.61 E+00 2.01 E+00 1.11 E+00 4.50E-01 7.09E-02 4.83E-05
re188 4.25 1 3.39E+02 3.39E+02 3.36E+02 3.31E+02 2.50E+02 1.31E+02 9.44E+00 2.03E+00 1.12E+00 4.55E-01 7.16E-02 4.88E-05
rel 88m 4.25 1 3.29E+02 3.29E+02 1.08E+02 3.52E+01 5.61 E-06 1.63E-21 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00
osl91 4.25 1 6.33E-01 6.33E-01 6.33E-01 6.33E-01 6.29E-01 6.17E-01 5.43E-01 1.69E-01 1.13E-02 1.98E-04 4.74E-08 2.52E-22
os191m 4.25 1 4.70E-01 4.70E-01 4.58E-01 4.46E-01 3.08E-01 1.32E-01 2.93E-03 1.34E-17 0.00E+00 0.OOE+00 0.OOE+00 0.OOE+00
ir192 4.25 1 3.14E-01 3.14E-01 3.14E-01 3.14E-01 3.13E-01 3.12E-01 3.03E-01 2.37E-01 1.35E-01 5.80E-02 1.02E-02 1.12E-05
ir 94 4.25 1 2.47E-02 2.47E-02 2.43E-02 2.39E-02 1.85E-02 1.04E-02 7.66E-04 1.85E-08 1.82E-08 1.77E-08 1.67E-08 1.32E-08
u237 4.5 a 1.67E+05 1.67E+05 1.66E+05 1.66E+05 1.61 E+05 1.50E+05 1.11 E+05 7.65E+03 1.69E+01 7.36E-01 7.16E-01 6.50E-01p
u239 4.25 a 3.27E+06 3.27E+06 1.35E+06 5.56E+05 2.28E+00 1.10E-12 0.OOE+00 0.OOE+00 0.OOE+00 O.OOE+00 0.OOE+00 0.00E+OO
np236m 4.5 a 1.15E+00 1.15E+00 1.14E+00 1.12E+00 9.01E-01 5.51E-01 5.99E-02 2.69E-10 1.46E-29 0.OOE+00 0.OOE+00 0.OOE+00
pu237 4.25 a 2.52E+00 2.52E+00 2.52E+00 2.52E+00 2.51 E+00 2.48E+00 2.37E+00 1.59E+00 6.33E-01 1.59E-01 9.28E-03 1.26E-07
np238 4.25 a 1.IIE+05 1.11E+05 1.1 1E+05 1.10E+05 9.99E+04 8.03E+04 3.01E+04 6.05E+00 1.35E-02 1.35E-02 1.35E-02 1.33E-02
pu238 4.5 a 1.38E+03 1.38E+03 1.38E+03 1.38E+03 1.38E+03 1.38E+03 1.39E+03 1.40E+03 1.41 E+03 1.43E+03 1.45E+03 1.44E+03
np239 4.25 a 3.26E+06 3.26E+06 3.26E+06 3.24E+06 2.98E+06 2.45E+06 1.01 E+06 4.94E+02 1.23E+01 1.23E+01 1.23E+01 1.23E+01
pu239 4.5 a 6.13E+01 6.13E+01 6.13E+01 6.13E+01 6.14E+01 6.16E+01 6.19E+01 6.22E+01 6.22E+01 6.22E+O1 6.22E+01 6.22E+01
np240 4.25 a 7.18E+03 7.18E+03 5.13E+03 3.67E+03 3.33E+01 7.13E-04 4.03E-17 4.55E-17 5.72E-17 7.48E-17 1.11E-16 2.54E-16
pu240 4.25 a 1.32E+02 1.32E+02 1.32E+02 1.32E+02 1.32E+02 1.32E+02 1.32E+02 1.32E+02 1.32E+02 1.32E+02 1.32E+02 1.33E+02
pu241 4.5 a 3.14E+04 3.14E+04 3.14E+04 3.14E+04 3.14E+04 3.14E+04 3.14E+04 3.13E+04 3.1OE+04 3.07E+04 2.99E+04 2.72E+04
pu242 4.25 a 8.48E-01 8.48E-01 8.48E-01 8.48E-01 8.48E-01 8.48E-01 8.48E-01 8.48E-01 8.48E-01 8.48E-01 8.48E-01 8.48E-01
am241 4.5 a 4.63E+01 4.63E+01 4.63E+01 4.63E+01 4.64E+01 4.65E+01 4.69E+01 5.05E+01 5.86E+01 7.08E+01 9.54E+01 1.86E+02
am242m 4.5 a 3.01E+00 3.01E+00 3.O1E+00 3.01E+00 3.01E+00 3.01E+00 3.01E+00 3.OOE+00 3.OOE+00 3.OOE+00 2.99E+00 2.96E+00
am242 4.25 a 2.46E+04 2.46E+04 2.40E+04 2.35E+04 1.74E+04 8.70E+03 3.88E+02 2.99E+00 2.99E+00 2.98E+00 2.98E+00 2.95E+00
cm242 4.25 a 1.71 E+04 1.71 E+04 1.71 E+04 1.71 E+04 1.71 E+04 1.71 E+04 1.69E+04 1.52E+04 1.17E+04 8.01 E+03 3.64E+03 1.65E+02 1A
pu243 4.25 a 1.22E+05 1.22E+05 1.14E+05 1.06E+05 4.OOE+04 4.26E+03 1.80E-01 9.63E-07 9.63E-07 9.63E-07 9.63E-07 9.63E-07
am243 4.25 a 1.23E+01 1.23E+01 1.23E+01 1.23E+01 1.23E+01 1.23E+01 1.23E+01 1.23E+01 1.23E+01 1.23E+01 1.23E+01 1.23E+01
cm243 4.25 a 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.04E+01 1.03E+01 9.80E+00
am244 4.25 a 6.13E+04 6.13E+04 5.92E+04 5.72E+04 3.54E+04 1.18E+04 8.44E+01 2.13E-17 0.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00
cm244 4.25 a 2.62E+03 2.62E+03 2.62E+03 2.62E+03 2.62E+03 2.62E+03 2.62E+03 2.62E+03 2.60E+03 2.58E+03 2.53E+03 2.34E+03
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SQH Qrce Term Analysis
Al 0 Fuel at EPU Conditions

PPL Revised fulation
Table 3.4

Mass (grams) per Single Assembly of ATRIUM-I10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWdIMTU

Maximum Isotopic Mass (4.25 wt*/o U-235 and 4.50 wto U-235)

Nuclide
hi1
h 2
h 3
he 4
c 13
o 16
o 17
o 18
mg 24
mg 25
mg 26
al 27
si 28
si 29
si 30
v 50
cr 50
v 51
cr 51
cr 52
cr 53
cr 54
mn 54
fe 54
mn 55
te 55
fe 56
fe 57
fe 58
co 58
ni 58
co 59
ni 59
co 60
ni 60

limit
enr

.4.5
4.25

4.5
4.25
4.25

4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5

.4.25
4.5

4.25
4.5

4.25
4.25

4.5
4.5

4.25
4.25
4.5
4.5

4.25
4.5

4.25
4.25
4.5
4.5
4.5

4.25
4.25

4.5

I
I

a I
I
I
I
II I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

� I
I
I
I
I

. I
I
I
I
I
I

0.O d
4.88E+02
1 .12E+00

f I1.48E-02
3.16E-01
1. 11 E-02

7.98E+01
3.23E-02
1 .84E-01
1 .56E+00
2.06E-01
2.36E-01
5.99E+00
8.73E+00
4.63E-01
3.1 4E-01
2.33E-02
6.22E+01
3.55E+00
9.95E-02
1.31 E+03
1.47E+02
4.86E+01
8.58E-02
3.1 2E+02
1.23E+02
1 .53E+00
5.1 1E+03
1 .72E+02
1 .86E+01
2.56E-02
4.95E+02
3.03E+00
6.39E+00
5.55E-01
1.99E+02

1 sec
4.88E+02
1. 12E+00
1 .48E-02
3.1 6E-01
1. 11 E-02

7.98E+01
3.23E-02
1 .84E-01
1 .56E+00
2.06E-01
2.36E-01
5.99E+00
8.73E+00
4.63E-01
3.1 4E-01
2.33E-02
6.22E+01
3.55E+00
9.95E-02
1.31 E+03
1 .47E+02
4.86E+01
8.58E-02
3.1 2E+02
1.23E+02
1.53E+00
5.1 1E+03
1 .72E+02
1 .86E+01
2.56E-02

4.95E+02
3.03E+00
6.39E+00
5.55E-01
1 .99E+02

30 min
4.88E+02
1 .12E+00
1 .48E-02
3.1 6E-01
1. 11 E-02

7.98E+01
3.23E-02
1 .84E-01
1.56E+00
2.06E-01
2.36E-01

5.99E+00
8.73E+00
4.63E-01
3.1 4E-01
2.33E-02

6.22E+01
3.55E+00
9.94E-02
1.31 E+03
1 .47E+02
4.86E+01
8.58E-02

3.1 2E+02
1 .23E+02
1 .53E+00
5.1 1E+03
1 .72E+02
1 .86E+01
2.56E-02

4.95E+02
3.03E+00
6.39E+00
5.55E-01
1 .99E+02

1 hr
4.88E+02
1 .12E+00
1.4812-02
3.1 6E-01
1.1 1 E-02

7.98E+01
3.23E-02
1 .84E-01
1 .56E+00
2.06E-01
2.36E-01

5.99E+00
8.73E+00
4.63E-01
3.1 4E-01
2.33E-02

6.22E+01
3.55E+00
9.94E-02
1.31 E+03
1.47E+02
4.86E+01
8.58E-02

3.12E+02
1.232+02
1.53E+00
5.l11E+03
1.72E+02
1 .86E+01
2.56E-02

4.95E+02
3.03E+00
6.39E+00
5.55E-01
1 .99E+02

8 hr
4.88E+02
1.12E+00
1 .48E-02
3.1 6E-01
1.112E-02

7.98E+01
3.23E-02
1 .84E-01
1.56E+00
2.06E-01
2.36E-01

5.99E+00
8.73E+00
4.63E-01
3.1 4E-01
2.33E-02
6.22E+01
3.55E+00
9.87E-02
1.31 E+03
1.472+02
4.86E+01
8.57E-02

3.1 2E+02
1.232+02
1 .53E+00
5.1 12+03
1.72E+02
1 .86E+01
2.56E-02

4.95E+02
3.03E+00
6.39E+00
5.55E-01
1.99E+02

1.0 d
4.88 E+02
1.12E+00
1 .48E-02
3.17E-01
1. 11 E-02

7.98E+01
3.23E-02
1.84E-01

1.56E+00
2.06E-01
2.36E-01
5.99E+00
8.73E+00
4.63E-01
3.14E-01
2.33E-02
6.22E+01
3.56E+00
9.702-02
1.31 E+03
1.47E+02
4.86E+01
8.56E-02
3.12E+02
1.23E+02
1.53E+00
5.1 12+03
1.72E+02
1 .86E+01
2.54E-02
4.95E+02
3.03E+00
6.39E+00
5.54E-01
I1.99E+02

4.0 d
4.88E+02
1 .12E+00
1 .48E-02
3.182-01
1. 112E-02

7.98E+01
3.23E-02
1.84E-01
1.56E+00
2.06E-01
2.36E-01
5.99E+00
8.73E+00
4.63E-01
3.1 4E-01
2.33E-02
6.22E+01
3.56E+00
9.OOE-02
1.31 E+03
1 .47E+02
4.86E+01
8.51 E-02
3.1 2E+02
1.23E2+02
1.53E+00
5.1 1 E+03
1 .72E+02
1 .86E+01
2.47E-02

4.95E+02
3.03E+00
6.39E+00
5.54E-01
I1.99E+02

30.0 d
4.88E+02
1.12E+00
1.47E-02
3.292-01
1. 112E-02

7.98E+01
3.23E-02
1.84E-01

1.56E+00
2.06E-01
2.36E-01
5.99E+00
8.73E+00
4.63E-01
3.1 4E-01
2.33E-02
6.22E+01
3.61 E+00
4.70E-02
1.31 E+03
1.47E+02
4.86E+01
8.03E-02
3.12E+02
1.23E+02
1.50E+00
5.1 12+03
1.72E+02
1 .86E+01
1.91 E-02

4.95E+02
3.04E+00
6.39E+00
5.49E-01
1.99E+02

90.0 d
4.88E+02
1.12E+00
1 .46E-02
3.52E-01
1. 11 E-02

7.98E+01
3.23E-02
1.84E-01
1 .56E+00
2.06E-01
2.36E-01
5.99E+O0
8.73E+00
4.63E-01
3.14E-01
2.332-02
6.22E+01
3.64E+00
I1.05E-02

1.31 E+03
1 .47E+02
4.86E+01
7.03E-02
3.1 2E+02
1 .23E+02
1.44E+00
5.1 12+03
1 .72E+02
1.86E+01
I1.06E-02

4.95E+02
3.04E+00
6.39E+00
5.37E-01
1.99E+02

180.0 d
4.88E+02
1. 12E+00
1.44E-02
3.78E-01
1. 112E-02

7.98E+01
3.23E-02
1 .84E-01

1.56E+00
2.06E-01
2.36E-01
5.99E+00
8.73E+00
4.63E-01
3.14E-01
2.33E-02
6.22E+01
3.65E+00
1.10E-03

1.31 E+03
1 .47E+02
4.86E+01
5.75E-02
3.12E+02
1.23E+02
1.35E+00
5.1 12+03
1.72E+02
1.86E+01
4.41 E-03
4.95E+02
3.04E÷00
6.39E÷00
5.20E-01
1.99E÷02

4.88E+02 4.88E+02
1.12E+00 1.1I2E+00
1 .40E-02 1 .25E-02
4.1 7E-01 5.OOE-01
1. I11E-02 1.112E-02

7.98E+01 7.982+01
3.23E-02 3.23E-02
1 .84E-01 1 .84E-01
1 .56E+00 1.56E÷00 P
2.06E-01 2.06E-01
2.36E-01 2.36E-01

5.99E+00 5.99E÷00*
8.73E+00 8.73E÷00
4.63E-01 4.63E-01
3.14E-01 3.14E-01
2.33E-02 2.33E-02

6.22E+01 6.22E+01
3.65E+00 3.65E÷00 A
1 .07E-05 1 .24E-1 3 O
1.31 E+03 1.312E+03 t
1 .47E÷02 1.47E÷02
4.86E+01 4.86E+01
3.81 E-02 7. 53E-03

3.12E+02 3.12E+02
1 .23E÷02 1.24E÷02
1.1I9E+00 7.16E-01
5.1 1E+03 5.1 12+03
1.72E+02 1.72E÷02
1.86E+01 1 .86E+01
7.22E-04 5.72E-07

4.95E÷02 4.95E÷02
3.04E+00 3.04E+00UQ
6.392+00 6.392+00 .CD
4.86E-01 3.74E-01 f
1.99E+02 2.OOE+02
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SQH Orce Term Analysis
Al 0 Fuel at EPU Conditions

PPL Revised 9 ulation
Table 3.4

Mass (grams) per Single Assembly of ATRIUM-i10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWd1MTU

Maximum Isotopic Mass (4.25 wt0/o U-235 and 4.50 wt0/o U-235)

Nuclide
ni 61
ni 62
ni 63
cu 63
ni 64
cu 65
ge 72
ge 73
ge 74
as 75
ge 76
se 76
se 77
se 78
se 79
se 80
br 8l
se 82
kr 82
wi 83
kr 83
wl 84
kr 84
kr 85
kr 85m
rb 85
wl 86
kr 86
rb 86
sr 86
kr 87
rb 87
sr 87
kr 88
sr 88

limit
enr
4.25

4.5
4.25
4.25

4.5
4.25
4.25
4.25
4.25

4.5
4.5

4.25
4.5
4.5
4.5
4.5
4.5
4.5

4.25
4.25

4.5
4.25

4.5
4.5
4.5
4.5
4.5
4.5

4.25
4.25

4.5
4.5

4.25
4.5
4.5

0.0 d
I 1 .08E+01
I 2.71 E+011
I 1 .35E+00
I 2.29E-02
I 7.41 E+00
I 4.57E-02

f1.61 E-03
f 4.51 E-03
f 4.15E-03

f3.46E-02
f 1.07E-01
f 1.81 E-03
f 2.33E-011
f 8.13E-01
f 1.51 E+00

f4.16E+00
f6.06E+00
f9,96E+00

f 2.96E-01
I 1 .72E+00

f 1 .09E+01
I 3.07E+00

f 3.69E+01
f6.35E+00

f 3.49E-03
f 2.88E+01
I1.1 1E+00

f 5.63E+01
f 5.69E-03

f1.90E-01
f 2.01 E-03

f7.32E+01
f 1 .27E-03
f 6.21 E-03

I If 1.05E+02

1 sec
1 .08E+01
2.712E+01
1 .35E+00
2.29E-02
7.41 E+O0
4.57E-02
1.61 E-03
4.51 E-03
4.115E-03
3.46E-02
1.07E-01
1.81 E-03
2.33E-01
8.1 3E-01
1.51 E+00
4.1 6E+00
6.06E+00
9.96E+00
2.96E-011
1 .72E+00
1 .09E+01
3.07E+00
3.69E+01
6.35E+00
3.49E-03

2.88E+01
1.1 12+00
5.63E+01
5.69E-03
11.90E-01
2.012E-03

7.32E+01
11.27E-03
6.21 E-03
1.05E+02

30 min
1 .08E+01
2.712E+011
1.35E+00
2.29E-02
7.412E+00
4.57E-02
1.61 E-03
4.51 E-03
4.1 5E-03
3.46E-02
1.0712-01
1.81 E-03
2.33E-01
8.1 3E-01
1.51 E+00
4.16E+00
6.06E+00
9.96E+00
2.9612-011
1.72E+00
1 .09E+01
3.07E+00
3.69E+01
6.35E+O0
3.27E-03
2.88E+01
1.1 1 E+00
5.63E+01
5.68E-03
1.90E-01
1.552-03
7.32E+01
1.272-03
5.50E-03
1.05E+02

1 hr
1 .08E+01
2.71 E+01
1.35E+00
2.29E-02
7.41 E+00
4.57E-02
1.61 E-03
4.512E-03
4.115E-03
3.46E-02
1 .07E-01
1.81 E-03
2.33E-01
8.1 3E-01
1.51 E+00
4.16E+00
6.06E+00
9.962+00
2.96E-01
1.72E+00
1.09E+01
3.07E+00
3.69E+01
6.35E+00
3.03E-03
2.88E+01
1.1 12+00
5.63E+01
5.68E-03
1.90E-011
1.1 BE-03

7.322+01
11.27E-03
4.87E-03
1.05E+02

8 hr
1.08E+01
2.71 E+01
1.35E+00
2.29E-02

7.41 E+00
4.57E-02
1.61 E-03
4.51 E-03
4.152-03
3.46E-02
1.07E-01
1.81 E-03
2.33E-01
8.1 3E-01
1.51 E+00
4.1 6E+00
6.06E+00
9.96E+00
2.96E-01
1.722+00
1.09E+01
3.07E+00
3.69E+01
6.35E+00
1.032-03

2.88E+01
1.1I1 E+00
5.63E+01
5.62E-03
1 .90E-01
2.60E-05

7.3212+01
11.27E-03
8.82E-04
1.05E+02

1.0 d
11.08E+01
2.712E+011
1.35E+00
2.302-02
7.412E+00
4.572-02
1.61 E-03
4.512E-03
4.115E-03
3.46E-02
1.072-01
1.81 E-03
2.332-011
8.132-011
1.51 2+00
4.162+00
6.06E+00
9.96E+00
2.962-011
1.722+00
1 .09E+01
3.072+00
3.692+01
6.34E+00
8.632-05

2.88E+01
1. 1 12+00
5.63E+01
5.48E-03
1.902-01
4.24E-09

7.32E+01
1.272-03
1.772-05

1.05E+02

4.0Od
1.082+01
2.71 E+01
1.352+00
2.30E-02
7.412E+00
4.57E-02
1.622-03
4.512E-03
4.152-03
3.46E-02
1.072-01
1.81 E-03
2.34E-011
8.132-01
1.51 2+00
4.162+00
6.06E+00
9.962+00
2.962-01
1.722+00
1 .09E+01
3.07E+00
3.692+01
6.342+00
1.252-09

2.882+01
1.1 12+00
5.632+01
4.90E-03
1.91 E-01
3.872-26

7.32E+01
11.272-03
4.112-13
1.05E+02

30.0 ci
1.082+01
2.71 E+011
1.35E+00
2.372-02

7.412E+00
4.572-02
1.62E-03
4.512E-03
4.152-03
3.462-02
1.072-01
1.81 E-03
2.342-011
8.1132-01
1.51 2+00
4.162+00
6.06E+00
9.962+00
2.96E-011
1.722+00
1.09E+01
3.072+00
3.692+01
6.312E+00
0.002+00

2.892+01
1. 1 12+00
5.632+01
11.862-03
1.942-011
0.OOE+00
7.322+01
11.272-03
0.002+00
1.05E+02

90.0 d
1.082+01
2.71 E+011
1.352+00
2.52E-02
7.412E+00
4.572-02
1.622-03
4.512E-03
4.1152-03
3.462-02
1.07E-01
1.81 E-03
2.342-011
8. 132-01

1.51 E+00
4.162+00
6.06E+00
9.96E+00
2.962-011
1.722+00
1.092+01
3.072+00
3 .69E2+01
6.25E+00
0.002+00
2.892+01
1. 1 12+00
5.63E+01
2.OOE-04
1.962-01
0.OOE+00
7.32E+01
1.272-03
0.00E+00
1.05E+02

180.0 d
1.082+01
2.712E+01
1.352+00
2.75E-02

7.412E+00
4.57E-02
1.622-03
4.51 E-03
4.1152-03
3.462-02
1.072-01
1.81 E-03
2.342-01
8.'132-01
1.51 E+00
4.162+00
6.06E+00
9.962+00
2.962-011
1.72E+00
1.092+01
3.07E+00
3.69E+01
6.152+00
0.002+00

2.90E+01
1.1 12+00
5.632+01
7.032-06
1.962-011
0.002+00

7.32E+01
11.272-03
0.00E+00
1.05E+02

IY L 2
1.082+01 1.082+01
2.712E+011 2.712E+011
1.342+00 1.322+00
3.232-02 5.07E-02
7.412E+00 7.412E+00
4.572-02 4.572-02
1.622-03 11.622-03
4.512E-03 4.512E-03
4.152-03 4.152-03
3.462-02 3.462-02
1.072-011 1.072-01
1.812E-03 1.812E-03
2.342-01 2.342-011
8.1 32-01 8.132-01
1.51 E+00 1.512E+00Z
4.162+00 4.162+00 ;
6.062+00 6.062+00 a1
9.962+00 9.962+00 ~-
2.962-011 2 .962-01 GM
1.722+00 1.722+00 .
1.092+01 1.092+01
3.072+00 3.072+00le
3.692+01 3.692+01 p
5.952+00 5.23E+00k'
0.002+00 0.00 2+00-'!!

2.922+01 2.992+01 6

1. I112+00 1.112 +00
5.632+01 5.632+01
7.152-09 1.132-20
1.962-01 11.962-01
0.002+00 0.002+00

7.322+01 7.322+01 ~
1.272-03 1.272-03
0.002+00 0.002+00 j
1.05E+02 1.052+02
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SQH 9 rce Term Analysis 0 PPL Revised Sulation
Al 0 Fuel at EPU Conditions Table 3.4

Mass (grams) per Single Assembly of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWd/MTU

Maximum Isotopic Mass (4.25 wt% U-235 and 4.50 wt/o U-235)
limit

Nuclide enr 0.0 d 1 sec 30 min 1 hr 8 hr 1.0 d 4.0 d0 9.0 d 180.0 d 1 vr 3 vr
sr 89 4.5 f 3.67E+00 3.67E+00 3.67E+00 3.67E+00 3.66E+00 3.62E+00 3.48E+00 2.44E+00 1.07E+00 3.11 E-01 2.46E-02 1.1 OE-06
y 89 4.5 I f 1.36E+02 1.36E+02 1.36E+02 1.36E+02 1.36E+02 1.36E+02 1.36E+02 1.37E+02 1.39E+02 1.39E+02 1.40E+02 1.40E+02
sr 90 4.5 f 1.59E+02 1.59E+02 1.59E+02 1.59E+02 1.59E+02 1.59E+02 1.59E+02 1.58E+02 1.58E+02 1.57E+02 1.55E+02 1.47E+02
y 90 4.5 f 4.29E-02 4.29E-02 4.29E-02 4.29E-02 4.27E-02 4.25E-02 4.18E-02 4.11 E-02 4.1 OE-02 4.07E-02 4.02E-02 3.83E-02
zr 90 4.5 I f 3.88E+04 3.88E+04 3.88E+04 3.88E+04 3.88E+04 3.88E+04 3.88E+04 3.88E+04 3.88E+04 3.88E+04 3.88E+04 3.88E+04
sr 91 4.5 f 3.88E-02 3.88E-02 3.75E-02 3.62E-02 2.17E-02 6.77E-03 3.58E-05 6.63E-25 O.OOE+O0 O.OOE+00 O.OOE+00 0.OOE+OO
y 91 4.5 f 5.88E+00 5.88E+00 5.88E+00 5.88E+00 5.88E+00 5.85E+00 5.65E+00 4.15E+00 2.04E+00 7.02E-01 7.82E-02 1.36E-05
y 91 m 4.5 f 1.96E-03 1.96E-03 1.95E-03 1.92E-03 1.20E-03 3.75E-04 1.98E-06 3.67E-26 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 Z
zr 91 4.5 I f 8.64E+03 8.64E+03 8.64E+03 8.64E+03 8.64E+03 8.64E+03 8.64E+03 8.64E+03 8.64E+03 8.64E+03 8.64E+03 8.64E+03
mo 92 4.5 1 5.66E-01 5.66E-01 5.66E-01 5.66E-01 5.66E-01 5.66E-01 5.66E-01 5.66E-01 5.66E-01 5.66E-01 5.66E-01 5.66E-01
sr 92 4.5 f 1.23E-02 1.23E-02 1.08E-02 9.54E-03 1.59E-03 2.66E-05 2.67E-1 3 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O O.OOE+00 ,
y 92 4.5 f 1.62E-02 1.62E-02 1.61 E-02 1.58E-02 7.56E-03 5.11 E-04 4.68E-10 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O
zr 92 4.5 I f 1.34E+04 1.34E+04 1.34E+04 1.34E+04 1.34E+04 1.34E+04 1.34E+04 1.34E+04 1.34E+04 1.34E+04 1.34E+04 1.34E+04
y 93 4.5 f 3.69E-02 3.69E-02 3.60E-02 3.48E-02 2.15E-02 7.19E-03 5.13E-05 1.29E-23 O.OOE+00 O.OOE+00 O.OOE+O0 O.OOE+O0 Z
zr 93 4.5 I f 1.68E+02- 1.68E+02 1.68E+02 1.68E+02 1.68E+02 1.68E+02 1.68E+02 1.68E+02 1.68E+02 1.68E+02 1.68E+02 1.68E+02 5
mo 94 4.5 1 3.63E-01 3.63E-Ot 3.63E-01 3.63E-01 3.63E-01 3.63E-01 3.63E-01 3.63E-01 3.63E-01 3.63E-01 3.63E-01 3.63E-01 '

y 94 4.5 f 1.87E-03 1.87E-03 6.56E-04 2.16E-04 3.74E-1 1 1.31 E-26 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 0
zr 94 4.5 I f 1.39E+04 1.39E+04 1.39E+04 1.39E+04 1.39E+04 1.39E+04 1.39E+04 1.39E+04 1.39E+04 1.39E+04 1.39E+04 1.39E+04 Q
y 95 4.5 f 1.12E-03 1.1 2E-03 1.60E-04 2.21 E-05 2.01 E-1 7 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0 t0
zr 95 4.5 I f 1.09E+01 1.09E+01 1.09E+01 1.09E+01 1.08E+01 1.08E+01 1.04E+01 7.84E+00 4.09E+00 1.54E+00 2.08E-01 7.63E-05
nb 95 4.5 I f 5.94E+00 5.94E+00 5.94E+00 5.94E+00 5.94E+00 5.94E+00 5.93E+00 5.51E+00 3.73E+00 1.66E+00 2.45E-01 9.18E-05
nb 95m 4.5 f 6.39E-03 6.39E-03 6.39E-03 6.39E-03 6.39E-03 6.38E-03 6.30E-03 4.88E-03 2.55E-03 9.62E-04 1.29E-04 4.75E-08
mo 95 4.5 I f 2.22E+02 2.22E+02 2.22E+02 2.22E+02 2.22E+02 2.22E+02 2.22E+02 2.26E+02 2.31 E+02 2.36E+02 2.38E+02 2.39E+02
zr 96 4.5 I f 2.48E+03 2.48E+03 2.48E+03 2.48E+03 2.48E+03 2.48E+03 2.48E+03 2.48E+03 2.48E+03 2.48E+03 2.48E+03 2.48E+03
mo 96 4.25 I f 2.16E+01 2.16E+01 2.16E+01 2.16E+01 2.16E+01 2.16E+01 2.16E+01 2.16E+01 2.16E+01 2.16E+01 2.16E+01 2.16E+01
zr 97 4.5 I f 1.27E-01 1.27E-01 1.24E-01 1.22E-01 9.1 5E-02 4.75E-02 2.48E-03 1.91 E-1 4 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 A
nb 97 4.5 f 8.23E-03 8.23E-03 8.18E-03 8.10E-03 6.30E-03 3.06E-03 1.60E-04 1.32E-15 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
mo 97 4.5 I f 2.57E+02 2.57E+02 2.57E+02 2.57E+02 2.57E+02 2.57E+02 2.57E+02 2.57E+02 2.57E+02 2.57E+02 2.57E+02 2.57E+02
mo 98 4.25 I f 2.61 E+02 2.61 E+02 2.61 E+02 2.61 E+02 2.61 E+02 2.61 E+02 2.61 E+02 2.61 E+02 2.61 E+02 2.61 E+02 2.61 E+02 2.61 E+02
tc 98 4.25 f 3.26E-03 3.26E-03 3.26E-03 3.26E-03 3.26E-03 3.26E-03 3.26E-03 3.26E-03 3.26E-03 3.26E-03 3.26E-03 3.26E-03 D
mo 99 4.5 f 5.42E-01 5.42E-01 5.40E-01 5.37E-01 4.99E-01 4.22E-01 1.98E-01 2.80E-04 7.49E-1 1 1.03E-20 5.23E-41 0.OOE+00 >
tc 99 4.5 f 2.32E+02 2.32E+02 2.32E+02 2.32E+02 2.32E+02 2.32E+02 2.33E+02 2.33E+02 2.33E+02 2.33E+02 2.33E+02 2.33E+02 -CD
tc 99m 4.5 f 4.40E-02 4.40E-02 4.40E-02 4.39E-02 4.25E-02 3.70E-02 1.75E-02 2.47E-05 6.61E-12 9.12E-22 O.OOE+00 0.OOE+00
ru 99 4.5 f 1.04E-02 1.04E-02 1.04E-02 1.04E-02 1.04E-02 1.04E-02 1.04E-02 1.05E-02 1.06E-02 1.08E-02 1.12E-02 1.27E-02 ;
mol 00 4.5 I f 2.94E+02 2.94E+02 2.94E+02 2.94E+02 2.94E+02 2.94E+02 2.94E+02 2.94E+02 2.94E+02 2.94E+02 2.94E+02 2.94E+02
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SQH *rce Term Analysis O PPL Revised oulation
Al 0 Fuel at EPU Conditions Table 3.4

Mass (grams) per Single Assembly of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWd/MTU

Maximum Isotopic Mass (4.25 wt% U-235 and 4.50 Wt% U-235)

Nuclide
ru100
molOl
tcl 01
rul 01
mo102
rulO2
rul 03
rh103
rhl03m
tcl 04
ru104
pdl 04
ru105
rh1O5
pd105
rul 06
pdl 06
rh107
pdl 07
pdlO8
pd109
ag109
pdl1o
agl1 Om
cdllO
ag1
cd1
sn112
pd112
cd112
sn113
cd113
cdl13m
in113
sn114

limit
enr
4.25
4.5
4.5
4.5

4.25
4.25
4.25
4.5

4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.5

4.25
4.25
4.25
4.5

4.25
4.25
4.5

0.0 d
f 5.14E+01
f 1.90E-03
f 1.85E-03
f 2.36E+02
f 1.46E-03
f 2.56E+02
f 7.68E+00
f 1.16E+02
f 7.62E-03
f 2.17E-03
f 1.81 E+02
f 1.04E+02
f 2.81 E-02
f 2.06E-01
f 1.30E+02
f 3.79E+01
f 9.28E+01
f 1.46E-03
f 7.88E+01
f 5.22E+01
f 3.69E-02
f 2.78E+01
f 1.59E+01
f 2.70E-01
f 2.05E+01
f 7.33E-02
f 8.37E+00

1 1.03E+01
f 3.76E-03
f 4.32E+00

1 5.24E-02
f 1.84E-02
f 5.OOE-02

I f 4.41 E-01
I 7.36E+00

1 sec
5.14E+01
1.90E-03
1.85E-03

2.36E+02
1.46E-03

2.56E+02
7.68E+00
1.16E+02
7.62E-03
2.17E-03
1.81 E+02
1.04E+02
2.81 E-02
2.06E-01
1.30E+02
3.79E+01
9.28E+01
1.46E-03

7.88E+01
5.22E+01
3.69E-02

2.78E+01
1.59E+01
2.70E-01

2.05E+01
7.33E-02

8.37E+00
1.03E+01
3.76E-03
4.32E+00
5.24E-02
1.84E-02
5.OOE-02
4.41 E-01

7.36E+00

30 min
5.14E+01
4.62E-04
1.07E-03

2.36E+02
2.32E-04

2.56E+02
7.68E+00
1.16E+02
7.61 E-03
7.36E-04
1.81 E+02
1.04E+02
2.67E-02
2.06E-01
1.30E+02
3.79E+01
9.28E+01
6.87E-04
7.88E+01
5.22E+01
3.60E-02

2.78E+01
1.59E+01
2.70E-01

2.05E+01
7.33E-02
8.37E+00
1.03E+01
3.70E-03

4.32E+0O
5.24E-02
1.85E-02
5.OOE-02
4.41 E-01

7.36E+O0

1 hr
5.14E+01
1.11 E-04
4.03E-04
2.36E+02
3.68E-05
2.56E+02
7.68E+00
1.16E+02
7.61 E-03
2.36E-04
1.81 E+02
1.04E+02
2.47E-02
2.06E-01
1.30E+02
3.79E+01
9.28E+01
2.64E-04
7.88E+01
5.22E+01
3.51 E-02
2.78E+01
1.59E+01
2.70E-01
2.05E+01
7.32E-02
8.37E+00
1.03E+01
3.64E-03
4.32E+00
5.24E-02
1.85E-02
5.OOE-02
4.41 E-01
7.36E+00

8 hr
5.14E+01
2.43E-13
4.22E-1 2
2.36E+02
2.39E-16
2.56E+02
7.64E+00
1.16E+02
7.57E-03
2.92E-1 1
1.81 E+02
1.04E+02
8.30E-03
1.95E-01
1.30E+02
3.79E+01
9.28E+01
3.94E-10
7.88E+01
5.22E+01
2.47E-02
2.79E+01
1.59E+01
2.70E-01

2.05E+01
7.13E-02
8.37E+00
1.03E+01
2.89E-03
4.32E+O0
5.23E-02
1.88E-02
5.OOE-02
4.41 E-01

7.36E+00

1.0 d
5.14E+01
3.91 E-33
1.19E-31

2.36E+02
O.OOE+00
2.56E+02
7.55E+00
1.16E+02
7.48E-03
4.71 E-27
1.81 E+02
1.04E+02
6.82E-04
1.48E-01
1.30E+02
3.79E+01
9.29E+01
1.89E-23

7.88E+01
5.22E+01
1.10E-02

2.79E+01
1.59E+01
2.69E-01
2.05E+01
6.70E-02
8.37E+00
1.03E+01
1.71 E-03

4.32E+00
5.21 E-02
1.89E-02
5.OOE-02
4.41 E-01

7.36E+00

4.0 d
5.14E+01
O.OOE+00
O.OOE+00
2.36E+02
O.OOE+O0
2.56E+02
7.16E+00
1.16E+02
7.09E-03
O.OOE+00
1.81 E+02
1.04E+02
8.93E-09
3.64E-02
1.30E+02
3.76E+01
9.31 E+01
0.OOE+00
7.88E+01
5.22E+01
2.87E-04
2.79E+01
1.59E+01
2.67E-01

2.05E+01
5.07E-02
8.39E+00
1.03E+01
1.59E-04

4.32E+00
5.12E-02
1.90E-02
5.OOE-02
4.42E-01
7.36E+00

30.0 d
5.14E+01
O.OOE+00
O.OOE+00
2.36E+02
O.OOE+00
2.56E+02
4.52E+o0
1.19E+02
4.48E-03

O.OOE+00
1.81 E+02
1.04E+02
O.OOE+00
1.77E-07
1.30E+02
3.59E+01
9.48E+01
O.OOE+O0
7.88E+01
5.22E+01
5.58E-1 8

2.79E+01
1.59E+01
2.48E-01

2.06E+01
4.51 E-03
8.44E+00
1.03E+01
1.89E-13

4.32E+00
4.38E-02
1.90E-02
4.98E-02
4.50E-01
7.36E+00

90.0 d
5.14E+01
O.OOE+00
O.OOE+00
2.36E+02
O.OOE+00
2.56E+02
1.57E+00
1.22E+02
1.55E-03

O.OOE+00
1.81 E+02
1.04E+02
O.OOE+00
9.77E-20
1.30E+02
3.21 E+01
9.86E+01
O.OOE+O0
7.88E+01
5.22E+01
O.OOE+00
2.79E+01
1.59E+01
2.10E-01
2.06E+01
1.70E-05
8.44E+00
1.03E+01
4.76E-34
4.32E+00
3.05E-02
1.90E-02
4.94E-02
4.63E-01
7.37E+00

180.0 d
5.14E+01
O.OOE+00
O.OOE+00
2.36E+02
O.OOE+00
2.56E+02
3.20E-01
1.23E+02
3.17E-04

O.OOE+00
1.81 E+02
1.04E+02
O.OOE+00
4.OOE-38
1.30E+02
2.71 E+01
1.04E+02
O.OOE+00
7.88E+01
5.22E+01
O.OOE+00
2.79E+01
1.59E+01
1.64E-01

2.06E+01
3.92E-09

8.44E+00
1.03E+01
O.OOE+00
4.32E+00
1.77E-02
1.90E-02
4.88E-02
4.77E-01

7.37E+00

1 vr 3 vr
5.14E+01 5.14E+01
O.OOE+00 O.OOE+00
O.OOE+00 O.OOE+0O
2.36E+02 2.36E+02
O.OOE+00 O.OOE+0O
2.56E+02 2.56E+02
1.22E-02 3.04E-08
1.23E+02 1.23E+02
1.20E-05 3.02E-1 I

O.OOE+00 O.OOE+00 '

1.81 E+02 1.81 E+02 Pl
1.04E+02 1.04E+02 ti
O.OOE+00 O.OOE+00 *
O.OOE+00 O.OOE+00
1.30E+02 1.30E+02 '

1.92E+01 4.91 E+OO 0
1.12E+02 1.26E+02 ,
O.OOE+O0 O.OOE+0O '

7.88E+01 7.88E+01 )
5.22E+01 5.22E+01 C
O.OOE+00 O.OOE+00
2.79E+01 2.79E+01
1.59E+01 1.59E+01
9.79E-02 1.29E-02

2.07E+01 2.08E+011
1.28E-16 O.OOE+00 <

8.44E+00 8.44E+00 ,.
1.03E+01 1.03E+01
O.OOE+00 O.OOE+00
4.32E+00 4.32E+00
5.81 E-03 7.14E-05 X
1.90E-02 1.90E-029Q
4.76E-02 4.32E-02 C
4.90E-01 4.99E-01 |

7.37E+00 7.37E+00 &'
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.SQH~rce, Term Analysis
Al O Fuel at EPU Conditions

PPL Revisediculation
Table 3.4

Mass (grams) per Single Assembly of ATRIUM-i 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup, to 58 GWd/MTU

Maximum Isotopic Mass (4.25 wt*/0, U-235 and 4.50 wt*/* U-235)

Nuclide
cdll14
cdllS5
cdll15m
inl 15
snil 1
cdll16
snll16
snl l7m
sn1 17
sni l8
snl 19
snll19m
snl2O
snl2l
sni 21 m
sbl2l
sni 22
tel 22
snl23
sb123
tel 23
sni24
sbJ124
tel 24
sn125
sb125
te125
tel 25m
sn126
tel126
sWV2
tel 27
tel127m
ii127
te128

limit
enr
4.25
4.25
4.25
4.5
4.5

4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25
4.25

f
f
f
f

I f
f

I f

If
I f
I f
I f
I f
If
f
If
I f
I f
I f

.1 f
f

I f
f

I f
f

I f
I f
f
f

* I f
f
f

f
.f

0.0 d
4.1 5E+00
2.80E-03
2.76E-03
3.41 E-01

3.68E+00
1 .62E+00
1 .64E+02
4.59E-02
8.98E+01
2.79E+02
1 .02E+02
1.03E+00
3.78E+02
11.33E-03
1.41 E-02
2.14E+00
5.58E+01
2.54E-01
2.39E-02
1.51 E+00
1 .49E-03

6.92E+01
11.28E-02
1.29E-01
7.27E-03

2.36E+O0
1.70E+00
2.58E-02
6.37E+00
1 .56E-01
5.119E-02
5.21 E-03
2.50E-01
1 .32E+01
2.89E+01

1 sec
4.1 5E+00
2.80E-03
2.76E-03
3.41 E-01
3.68E+00
1.62E+00
1.64E+02
4.59E-02
8.98E+01
2.79 E+02
1 .02E+02
1,.03E+00
3.78E+02
1 .33E-03
1.41 E-02
2.14E+00
5.58E+01
2.54E-01
2.39E-02
1.51 E+00
1.49E-03
6.92E+01
I1.28E-02
1.29E-01
7.27E-03
2.36E+00
1 .70E+00
2.58E-02
6.37E+00
1 .56E-01
5.1 9E-02
5.21 E-03
2.50E-01
1.32E+01
2.89E+01

30 min
4.15E+00
2.79E-03
2.76E-03
3.41 E-01

3.68E+O0
1.62E+00
1.64E+02
4.59E-02

8.98E+01
2.79E+02
1.02E+02
1 .03E+00
3.78E+02
1 .32E-03
1.41 E-02

2.1141E+00
5.58E+01
2.54E-011
2.39E-02
1.51 E+00
1 .49E-03

6.92E+01
I1.28E-02
1 .29E-01
7.26E-03
2.36E+00
1 .70E+00
2.58E-02
6.37E+00
1 .56E-01
5.18E-02
5.21 E.03
2.50E-01
1.32E+01
2.89E+01

1 hr
4.15E+00
2.77E-03
2.76E-03
3.412E-01

3.68E+00
1.62E+00
1.64E+02
4.58E-02

8.98E+01
2.79E+02
1.02E+02
1.03E+00
3.78E+02
11.30E-03
1.41 E-02

2.14E+00
5.58E+01
2.54E-01
2.39E-02
1.51 E+00
1.49E-03

6.92E+01
1.28E-02
1.29E-01
7.25E-03
2.36E+00
1.70E+00
2.58E-02
6.37E+00
1.56E-01
5.116E-02
5.212E-03
2.50E-01
1.32E+01
2.89E+01

8 hr
4.15E+00
2.53E-03
2.75E-03
3.41 E-01

3.68E+00
1.62E+00
1 .64E+02
4.52E-02

8.98E÷01
2.79E+02
1 .02E+02
I1.03E+00
3.78E+02
1.09E-03
1.41 E-02

2.14E+00
5.58E+01
2.54E-01
2.39E-02
1.51 E+00
1 .49E-03
6.92E+01
1 .28E-02
1.29E-01
7.10OE-03
2.36E+00
1.70E+00
2.58E-02
6.3712+00
1 .56E-01
4.9312-02
5.16E-03
2.50E-01
1.32E+01

2.89E+01

1.0 d
4.15E+00
2.06E-03
2.72E-03
3.41 E-01
3.68E+O0
1.62E+00
1 .64E+02
4.37E-02
8.98E+01
2.79E+02
1.02E+02
1.03E+00
3.782+02
7.212E-04
1.41 E-02

2.14E+00
5.58E+01
2.54E-01
2.38E-02
1.51 E+00
I .50E-03

6.92E+01
1 .27E-02
1.29E-01
6.77E-03
2.36E+00
1 .70E+00
2.5812-02
6.37E+00
1 .56E-01
4.38E-02
4.85E-03
2.50E-01
1.32E+01
2.89E+01

4.0 d
4.1 5E+O0
8.09E-04
2.60E-03
3.43E-01

3.68E+00
1.62E+00
1.64E+02
3.75E-02

8.98 E+01
2.79E+02
1.02E+02
1 .02E+00
3.78E+02
1 .14E-04
1.41 E-02

2.1 4E+00
5.58E±01
2.54E-01
2.34E-02
1.51 E+00
1.50E-03

6.92E+01
1.23E-02
1.29E-01
5.45E-03

2.36E+00
1.71 E+00
2.58E-02
6.37E+00
1 .57E-01
2.55E-02
3.24E-03
2.48E-011
1 .32E+01
2.89E+01

30.0 d
4.1 5E+00
2.48E-07
1.73E-03
3.44E-01

3.68E+00
1.62E+00
1.64E+02
9.96E-03

8.98E+01
2.79E+02
1 .02E+02
9.57E-01

3.78E+02
6.1 4E-07
1.41 E-02

2.14E+00
5.58E+01
2.54E-01
2.03E-02
1.51 E+00
I1.57E-03

6.92E+01
9.09E-03
1 .32E-01
8.412E-04

2.32E+00
1.75E+00
2.58E-02

6.37E+00
1.58E-01
2.36E-04
7.72E-04
2.1 4E-01
1.33E+01
2.89E+01

90.0 d
4.1 5E+00
1.94E-1 5
6.82E-04
3.45E-01
3.68E+00
1.62E+00
1.64E+02
4.68E-04
8.98E+01
2.79E+02
1.02E+02
8.30E-01
3.78E+02
6.1 2E-07
1.41 E-02

2.1 4E+00
5.58E+01
2.54E-01
1.47E-02

1.52E+00
1 .68E-03

6.92E+01
4.56E-03
1.37E-01
1.1 21-05

2.22E+00
1.85E+00
2.53E-02
6.37E+00
1 .58E-01
4.80E-09
5.13E-04
1 .46E-01

1.332+01
2.89E+01

180.0 d
4.152+00
1.34E-27
1.68E-04
3.46E-01
3.68E+00
1 .62E+00
1 .64E+02
4.76E-06

8.98E+01
2.79E+02
1.02E+02
6.71 E-01

3.78E+02
6.1I1E-07
1.40E-02

2.14E+00
5.58E+01
2.54E-01
9.10OE-03
1.53E+00
1 .79E-03
6.92E+01
1 .62E-03
1.41 E-01
1.74E-08
2.09E+00
I1.98E+00
2.42E-02

6.37E+00
1 .58E-01
4.40E-16
2.89E-04
8.26E-02
1.34E+01
2.89E+01

l YE
4.15E+00
0.OOE+O0
9.46E-06
3.46E-01

3.68E+00
1 .62E+00
1.64E+02
3.78E-10

8.98E+01
2.79E+02
1.03E+02
4.33E-01

~3.782+02
6.072-07
1.39E-02

2.1 4E+00
5.58E+01
2.54E-011
3.37E-03
1 .53E+00
1.90E-03

6.92E+01
1.91 E-04
1.422-01
2.86E-14
1.84E+O0
2.23E+00
2.14E-02

6.372+00
1 .58E-01
1 .44E-30
8.90E-05
2.54E-02
1 .35E+01
2.89E+01

4.15E+00
0.002+00
1.112E-110
3.46E-01
3.68E+00
1.62E+00
1.64E+02
2.55E-26
8.98E+01
2.79E+02
11.0312+02
7.70E-02

3.78E+02
5.92E-07
1.36E-02

2.1 4E+00
5.5812+011
2.54E-01
6.68E-05
1 .53E5+00
1.95E-03

6.9215+011
4.26E-08
1.43E-01
0.002+00
1. 1 12+00
2.98E+00
1 .29E-02

6.37E+00
1.58E-01

0.0025+00
8.55E-07
2.44E-04
1.3525+01
2.8912+011
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SQH*rce Term Analysis PPL Revisedeculation
Al 0 Fuel at EPU Conditions Table 3.4

Mass (grams) per Single Assembly of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWd/MTU

Maximum Isotopic Mass (4.25 wt%/o U-235 and 4.50 wt%/o U-235)
limit

Nuclide enr .0.d 1 sec 30mi 1 hr 8hr 1.0d 4.0d 3 90.0d 180.0 d 1 vr 3 vr
xe128 4.25 f 1.43E+00 1.43E+00 1.43E+00 1.43E+00 1.43E+00 1.43E+00 1.43E+00 1.43E+00 1.43E+00 1.43E+00 1.43E+00 1.43E+00
sbl 29 4.25 f 8.63E-03 8.63E-03 8.08E-03 7.47E-03 2.48E-03 1.99E-04 2.36E-09 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00
te129 4.25 f 2.17E-03 2.17E-03 2.15E-03 2.1OE-03 1.00E-03 3.36E-04 2.60E-04 1.52E-04 4.42E-05 6.90E-06 1.51E-07 4.31E-14
tel29m 4.25 f 3.05E-01 3.05E-01 3.05E-01 3.05E-01 3.04E-01 3.00E-01 2.82E-01 1.65E-01 4.79E-02 7.48E-03 1.64E-04 4.67E-1 1
i129 4.25 f 5.61 E+01 5.61 E+01 5.61 E+01 5.61 E+01 5.61 E+01 5.61 E+01 5.61 E+01 5.62E+01 5.64E+01 5.64E+01 5.64E+01 5.64E+01
xel 29 4.25 f 1.41 E-02 1.41 E-02 1.41 E*02 1.41 E-02 1.41 E-02 1.42E-02 1.42E-02 1.43E-02 1.43E-02 1.43E-02 1.43E-02 1.43E-02
tel30 4.25 f 1.15E+02 1.15E+02 1.15E+02 1.15E+02 1.15E+02 1.15E+02 1.15E+02 1.15E+02 1.15E+02 1.15E+02 1.15E+02 1.15E+02
i130 4.25 f 3.29E-03 3.29E-03 3.22E-03 3.13E-03 2.11 E-03 8.61 E-04 1.52E-05 9.67E-21 0.OOE+00 0.OOE+00 O.00E+00 0.OOE+00
xe130 4.25 f 3.84E+00 3.84E+00 3.84E+00 3.84E+00 3.84E+00 3.84E+00 3.84E+00 3.84E+00 3.84E+00 3.84E+00 3.84E+00 3.84E+00
sb1 31 4.5 f 1.73E-03 1.73E-03 7.09E-04 2.87E-04 9.13E-1 0 2.49E-22 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00
tel31 4.5 f 2.06E-03 2.06E-03 1.58E-03 1.OOE-03 9.93E-05 6.86E-05 1.30E-05 7.12E-12 2.53E-26 0.00E+00 O.00E+00 0.OOE+00 t
tel31m 4.25 f 3.81 E-02 3.81 E-02 3.77E-02 3.73E-02 3.17E-02 2.19E-02 4.16E-03 2.28E-09 8.09E-24 0.OOE+00 0.00E+00 0.OOE+00
il31 4.5 f 1.14E+00 1.14E+00 1.14E+00 1.14E+00 1.12E+00 1.06E+00 8.36E-01 8.94E-02 5.07E-04 2.16E-07 2.51E-14 0.OOE+00
xel 31 4.5 f 1.08E+02 1.08E+02 1.08E+02 1.08E+02 1.08E+02 1.08E+02 1.08E+02 1.09E+02 1.09E+02 1.09E+02 1.09E+02 1.09E+02 ,
xel 31 m 4.25 f 2.56E-02 2.56E-02 2.56E-02 2.56E-02 2.55E-02 2.52E-02 2.36E-02 8.38E-03 3.28E-04 1.82E-06 3.75E-1 1 1.23E-29 t
te132 4.5 f 6.63E-01 6.63E-01 6.61E-01 6.58E-01 6.18E-01 5.37E-01 2.83E-01 1.12E-03 3.21E-09 1.55E-17 1.19E-34 0.OOE+00
i1 32 4.5 f 1.98E-02 1.98E-02 1.97E-02 1.97E-02 1.86E-02 1.61 E-02 8.53E-03 3.38E-05 9.66E-1 1 4.67E-1 9 3.57E-36 0.OOE+00
xel 32 4.25 f 3.71 E+02 3.71 E+02 3.71 E+02 3.71 E+02 3.71 E+02 3.71 E+02 3.71 E+02 3.72E+02 3.72E+02 3.72E+02 3.72E+02 3.72E+02
tel 33 4.5 f 1.34E-03 1.34E-03 4.09E-04 1.63E-04 6.15E-07 3.74E-12 O.OOE+00 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00 0.OOE+00
tel 33m 4.5 f 4.87E-03 4.87E-03 3.36E-03 2.31 E-03 1.21 E-05 7.33E-1 1 0.OOE+00 0.OOE+00 0.OOE+00 0.0OE+00 0.OOE+00 0.00E+00
ii33 4.5 f 2.52E-01 2.52E-01 2.50E-01 2.47E-01 1.98E-01 1.16E-01 1.05E-02 9.81 E-i2 1.42E-32 0.OOE+00 0.OOE+00 0.OOE+00
xel33 4.5 f 1.46E+00 1.46E+00 1.46E+00 1.46E+00 1.46E+00 1.41 E+00 1.04E+00 3.43E-02 1.23E-05 8.38E-1 1 1.94E-21 0.OOE+00 t
xe1 33m 4.25 f 2.06E-02 2.06E-02 2.05E-02 2.05E-02 2.01 E-02 1.84E-02 8.75E-03 2.47E-06 1.39E-14 5.91E-27 0.OOE+00 0.OOE+00
cs133 4.5 f 3.33E+02 3.33E+02 3.33E+02 3.33E+02 3.33E+02 3.33E+02 3.34E+02 3.35E+02 3.35E+02 3.35E+02 3.35E+02 3.35E+02
tel 34 4.5 f 7.12E-03 7.12E-03 4.33E-03 2.63E-03 2.49E-06 3.04E-13 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00
i134 4.5 f 1.17E-02 1.17E-02 1.02E-02 8.24E-03 7.11E-05 2.65E-10 0.OOE+00 0.00E+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 .
xel 34 4.5 f 4.75E+02 4.75E+02 4.75E+02 4.75E+02 4.75E+02 4.75E+02 4.75E+02 4.75E+02 4.75E+02 4.75E+02 4.75E+02 4.75E+02
csl34 4.25 f 4.31 E+01 4.31 E+01 4.31 E+01 4.31 E+01 4.31 E+01 4.31 E+01 4.30E+01 4.20E+01 3.97E+01 3.66E+01 3.08E+01 1.57E+01
csl 34m 4.25 f 1.23E-03 1.23E-03 1.09E-03 9.72E-04 1.84E-04 4.07E-06 1.46E-13 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00
bal34 4.25 f 3.01 E+01 3.01 E+01 3.01 E+01 3.01 E+01 3.01 E+01 3.01 E+01 3.02E+01 3.13E+01 3.35E+01 3.67E+01 4.24E+01 5.75E+01
i135 4.5 f 7.74E-02 7.74E-02 7.35E-02 6.97E-02 3.33E-02 6.16E-03 3.09E-06 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 Co
xel 35 4.5 f 2.95E-02 2.95E-02 3.25E-02 3.50E-02 4.81 E-02 2.76E-02 2.OOE-04 5.89E-25 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 Q
cs135 4.5 f 1.50E+02 1.50E+02 1.50E+02 1.50E+02 1.50E+02 1.50E+02 1.50E+02 1.50E+02 1.50E+02 1.50E+02 1.50E+02 1.50E+02
ba135 4.25 f 3.89E-01 3.89E-01 3.89E-01 3.89E-01 3.89E-01 3.89E-01 3.89E-01 3.89E-01 3.89E-01 3.89E-01 3.89E-01 3.89E-01 . '
xel 36 4.25 f 6.92E+02 6.92E+02 6.92E+02 6.92E+02 6.92E+02 6.92E+02 6.92E+02 6.92E+02 6.92E+02 6.92E+02 6.92E+02 6.92E+02

Page 6 of 10



SQHo rce Term Analysis 0 PPL Revisedlculation
Al 0 Fuel at EPU Conditions Table 3.4

Mass (grams) per Single Assembly of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWd/MTU

Maximum Isotopic Mass (4.25 wt% U-235 and 4.50 wt0/o U-235)
limit

Nuclide enr O.Od 1 sec 30min 1 hr 8hr 1.0d 4.0d 30.0d 90.Od 180.0d 1 vr 3vrr
cs136 4.5 f 2.11E-01 2.11E-01 2.11E-01 2.10E-01 2.07E-01 2.00E-01 1.71E-01 4.34E-02 1.84E-03 1.61E-05 9.30E-10 1.81E-26
bal 36 4.5 f 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.07E+01 1.07E+01 1.07E+01 1.07E+01 1.07E+01
csl 37 4.5 f 3.80E+02 3.80E+02 3.80E+02 3.80E+02 3.80E+02 3.80E+02 3.80E+02 3.79E+02 3.77E+02 3.75E+02 3.71 E+02 3.54E+02
bal 37 4.5 f 2.44E+01 2.44E+01 2.44E+01 2.44E+01 2.44E+01 2.45E+01 2.45E+01 2.51 E+01 2.66E+01 2.87E+01 3.31 E+01 4.99E+01
xel 38 4.5 f 2.43E-03 2.43E-03 5.57E-04 1.27E-04 1.33E-1 3 3.98E-34 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cs138 4.5 f 6.10E-03 6.10E-03 4.50E-03 2.65E-03 3.41E-07 3.61E-16 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
bal 38 4.5 f 4.03E+02 4.03E+02 4.03E+02 4.03E+02 4.03E+02 4.03E+02 4.03E+02 4.03E+02 4.03E+02 4.03E+02 4.03E+02 4.03E+02
lal 38 4.25 f 2.85E-03 2.85E-03 2.85E-03 2.85E-03 2.85E-03 2.85E-03 2.85E-03 2.85E-03 2.85E-03 2.85E-03 2.85E-03 2.85E-03
csl39 4.5 f 1.63E-03 1.63E-03 1.83E-04 1.94E-05 4.46E-19 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
bal 39 4.5 f 1.54E-02 1.54E-02 1.33E-02 1.06E-02 3.39E-04 1.31 E-07 5.63E-23 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
lal 39 4.5 f 3.76E+02 3.76E+02 3.76E+02 3.76E+02 3.76E+02 3.76E+02 3.76E+02 3.76E+02 3.76E+02 3.76E+02 3.76E+02 3.76E+02
bal4O 4.5 f 3.37E+00 3.37E+00 3.37E+00 3.37E+00 3.31E+00 3.19E+00 2.71E+00 6.61E-01 2.53E-02 1.90E-04 8.08E-09 4.64E-26
lal40 4.5 f 4.86E-01 4.86E-01 4.86E-01 4.86E-01 4.80E-01 4.68E-01 4.06E-01 1.00E-01 3.84E-03 2.89E-05 1.22E-09 7.03E-27 ,
cel40 4.5 f 4.08E+02 4.08E+02 4.08E+02 4.08E+02 4.08E+02 4.08E+02 4.08E+02 4.11E+02 4.12E+02 4.12E+02 4.12E+02 4.12E+02
bal4l 4.5 f 3.032-03 3.03E-03 9.88E-04 3.16E-04 3.79E-11 5.73E-27 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.002+00
lal41 4.5 f 3.94E-02 3.94E-02 3.81 E-02 3.55E-02 1.04E-02 6.14E-04 1.81E-09 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
cel4l 4.5 f 7.88E+00 7.88E+00 7.88E+00 7.88E+00 7.86E+00 7.76E+00 7.28E+00 4.18E+00 1.16E+00 1.71E-01 3.28E-03 5.62E-10 L_
prl41 4.5 f 3.38E+02 3.38E+02 3.38E+02 3.38E+02 3.38E+02 3.38E+02 3.38E+02 3.42E+02 3.45E+02 3.46E+02 3.46E+02 3.46E+02
bal42 4.5 f 1.66E-03 1.66E-03 2.34E-04 3.29E-05 3.89E-17 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00
lal 42 4.5 f 1.49E-02 1.49E-02 1.31 E-02 1.06E-02 4.35E-04 2.93E-07 1.55E-21 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ce142 4.5 f 3.53E+02 3.53E+02 3.53E+02 3.53E+02 3.53E+02 3.53E+02 3.53E+02 3.53E+02 3.53E+02 3.53E+02 3.53E+02 3.53E+02
pr1 42 4.25 f 1.49E-02 1.49E-02 1.46E-02 1.44E-02 1.11E-02 6.24E-03 4.58E-04 6.86E-14 O.OOE+00 O.OOE+00 O.OOE+00 0.002+00
ndl42 4.25 f 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.05E+01 1.05E+01 t
la143 4.5 f 2.16E-03 2.16E-03 5.05E-04 1.16E-04 1.33E-13 4.85E-34 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ce143 4.5 f 3.07E-01 3.07E-01 3.05E-01 3.02E-01 2.61E-01 1.87E-01 4.11E-02 8.35E-08 6.11E-21 1.21E-40 O.OOE+00 O.OOE+00
pr1 43 4.5 f 2.92E+00 2.92E+00 2.92E+00 2.92E+00 2.92E+00 2.89E+00 2.61E+00 7.04E-01 3.28E-02 3.30E-04 2.56E-08 1.57E-24
nd143 4.5 f 2.07E+02 2.07E+02 2.07E+02 2.07E+02 2.07E+02 2.07E+02 2.08E+02 2.10E+02 2.11E+02 2.11E+02 2.11E+02 2.11E+02
cel 44 4.5 f 5.93E+01 5.93E+01 5.93E+01 5.93E+01 5.93E+01 5.92E+01 5.87E+01 5.51 E+01 4.77E+01 3.83E+01 2.44E+01 4.13E+00
prl 44 4.5 f 2.51 E-03 2.51 E-03 2.50E-03 2.50E-03 2.50E-03 2.49E-03 2.47E-03 2.32E-03 2.01 E-03 1.61 E-03 1.03E-03 1.74E-04
nd144 4.25 f 3.91E+02 3.91E+02 3.91E+02 3.91E+02 3.91E+02 3.91E+02 3.92E+02 3.95E+02 4.03E+02 4.12E+02 4.26E+02 4.46E+02 "0

prl 45 4.5 f 3.87E-02 3.87E-02 3.69E-02 3.48E-02 1.55E-02 2.42E-03 5.78E-07 O.OOE+00 O.OOE+00 0.002+00 O.OOE+00 O.OOE+00 W)
ndl 45 4.5 f 1.95E+02 1.95E+02 1.95E+02 1.95E+02 1.95E+02 1.95E+02 1.95E+02 1.95E+02 1.95E+02 1.95E+02 1.95E+02 1.95E+02
cel46 4.5 f 1.19E-03 1.19E-03 2.57E-04 5.52E-05 2.46E-14 1.04E-35 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
pr146 4.5 f 2.14E-03 2.14E-03 1.47E-03 7.43E-04 5.05E-09 5.46E-21 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
ndl 46 4.5 f 2.32E+02 2.32E+02 2.32E+02 2.32E+02 2.32E+02 2.32E+02 2.32E+02 2.32E+02 2.32E+02 2.32E+02 2.32E+02 2.32E+02
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SQH~rce Term Analysis PPL Revised Oculation
A1O Fuel at EPU Conditions Table 3.4

Mass (grams) per Single Assembly of ATRIUM-1 0 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWd/MTU

Maximum Isotopic Mass (4.25 wt%/ U-235 and 4.50 w10/o U-235)
limit

Nuclide enr _.Od 1 sec 30min 1 hr 8hr 1.0d 4.0d 30.0d 90.0d 180.0d 1 vr 3vr
pm146 4.25 f 2.61E-03 2.61E-03 2.61E-03 2.61E-03 2.61E-03 2.61E-03 2.61E-03 2.58E-03 2.53E-03 2.45E-03 2.30E-03 1.79E-03
sm146 4.5 f 3.84E-03 3.84E-03 3.84E-03 3.84E-03 3.84E-03 3.84E-03 3.85E-03 3.85E-03 3.87E-03 3.90E-03 3.95E-03 4.12E-03
nd147 4.5 f 1.15E+00 1.15E+00 1.15E+00 1.15E+00 1.12E+00 1.08E+00 8.92E-01 1.73E-01 3.91E-03 1.33E-05 1.11E-10 1.05E-30
pml 47 4.5 f 3.39E+01 3.39E+01 3.39E+01 3.39E+01 3.39E+01 3.39E+01 3.40E+01 3.41 E+01 3.28E+01 3.08E+01 2.69E+01 1.59E+01
sm147 4.5 f 2.54E+01 2.54E+01 2.54E+01 2.54E+01 2.54E+01 2.54E+01 2.55E+01 2.61 E+01 2.76E+01 2.97E+01 3.35E+01 4.46E+01
nd148 4.5 f 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02
pm148 4.5 f 1.75E-01 1.75E-01 1.75E-01 1.74E-01 1.68E-01 1.54E-01 1.05E-01 4.54E-03 3.41 E-04 7.49E-05 3.34E-06 1.58E-1 1
pml48m 4.5 f 2.24E-01 2.24E-01 2.23E-01 2.23E-01 2.22E-01 2.20E-01 2.09E-01 1.35E-01 4.94E-02 1.09E-02 4.86E-04 2.30E-09
sm148 4.25 f 5.25E+01 5.25E+01 5.25E+01 5.25E+01 5.25E+01 5.25E+01 5.26E+01 5.28E+01 5.29E+01 5.29E+01 5.29E+01 5.29E+01 Z
nd149 4.25 f 4.68E-03 4.68E-03 3.90E-03 3.19E-03 1.92E-04 3.09E-07 8.43E-20 O.OOE+00 O.OOE+0O O.OOE+0O O.OOE+O0 O.OOE+00
pm149 4.25 f 2.33E-01 2.33E-01 2.32E-01 2.31E-01 2.14E-01 1.74E-01 6.78E-02 1.96E-05 1.34E-13 7.54E-26 O.OOE+00 O.OOE+00 t
sm149 4.5 f 3.99E-01 3.99E-01 4.01 E-01 4.02E-01 4.23E-01 4.63E-01 5.68E-01 6.35E-01 6.35E-01 6.35E-01 6.35E-01 6.35E-01
ndl 50 4.25 f 5.70E+01 5.70E+01 5.70E+01 5.70E+01 5.70E+01 5.70E+01 5.70E+01 5.70E+01 5.70E+01 5.70E+01 5.70E+01 5.70E+01
sm150 4.25 f 1.02E+02 1.02E+02 1.02E+02 1.02E+02 1.02E+02 1.02E+02 1.02E+02 1.02E+02 1 .02E+02 1.02E+02 1 .02E+02 1 .02E+02 w
pm151 4.25 f 4.31 E-02 4.31 E-02 4.29E-02 4.24E-02 3.57E-02 2.42E-02 4.17E-03 1.01 E-09 5.42E-25 O.OOE+00 O.OOE+00 O.OOE+OO Z
sml51 4.5 f 3.74E+00 3.74E+00 3.74E+00 3.74E+00 3.75E+00 3.76E+00 3.78E+00 3.78E+00 3.78E+00 3.77E+00 3.76E+00 3.70E+00 ,;
eul51 4.5 f 4.47E-03 4.47E-03 4.47E-03 4.47E-03 4.50E-03 4.55E-03 4.79E-03 6.86E-03 1.1 6E-02 1.88E-02 3.35E-02 9.10E-02 I
sm152 4.25 f 3.69E+01 3.69E+01 3.69E+01 3.69E+01 3.69E+01 3.69E+01 3.69E+01 3.69E+01 3.69E+01 3.69E+01 3.69E+01 3.69E+01 ~
eul 52 4.5 f 1.09E-02 1.09E-02 1.09E-02 1.09E-02 1.09E-02 1.09E-02 1.09E-02 1.09E-02 1.08E-02 1.06E-02 1.04E-02 9.34E-03
gdl 52 4.5 I f 2.28E+00 2.28E+00 2.28E+00 2.28E+00 2.28E+00 2.28E+00 2.28E+00 2.28E+00 2.28E+00 2.28E+00 2.28E+00 2.29E+00 t
sm153 4.25 f 2.35E-01 2.35E-01 2.33E-01 2.31 E-01 2.08E-01 1.64E-01 5.57E-02 4.87E-06 2.09E-15 1.86E-29 O.OOE+00 O.OOE+0O
eul 53 4.25 I f 4.01 E+01 4.01 E+01 4.01 E+01 4.01 E+01 4.01 E+01 4.01 E+01 4.02E+01 4.03E+01 4.03E+01 4.04E+01 4.04E+01 4.05E+01
gdl 53 4.25 i f 2.98E-01 2.98E-01 2.98E-01 2.98E-01 2.97E-01 2.97E-01 2.94E-01 2.73E-01 2.30E-01 1.77E-01 1.05E-01 1.28E-02
sm154 4.25 f 1.24E+01 1.24E+01 1.24E+01 1.24E+01 1.24E+01 1.24E+01 1.24E+01 1.24E+01 1.24E+01 1.24E+01 1.24E+01 1.24E+01
eul 54 4.25 I f 8.90E+00 8.90E+00 8.90E+00 8.90E+00 8.90E+00 8.90E+00 8.90E+00 8.84E+00 8.72E+00 8.55E+00 8.21 E+00 6.99E+O0
gdl 54 4.5 I f 2.78E+01 2.78E+01 2.78E+01 2.78E+01 2.78E+01 2.78E+01 2.78E+01 2.78E+01 2.80E+01 2.81 E+01 2.85E+01 2.97E+01 .
eul 55 4.25 I f 2.06E+00 2.06E+00 2.06E+00 2.06E+00 2.06E+00 2.06E+00 2.05E+00 2.03E+00 1.98E+00 1.91 E+00 1.77E+00 1.32E+00
gdl 55 4.5 I f 1.63E-01 1.63E-01 1.63E-01 1.63E-01 1.63E-01 1.64E-01 1.66E-01 1.87E-01 2.35E-01 3.05E-01 4.41 E-01 8.93E-01
sml56 4.25 f 1.98E-03 1.98E-03 1.91 E-03 1.84E-03 1.10E-03 3.37E-04 1.67E-06 1.73E-26 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+O0
eu156 4.25 I f 1.33E+00 1.33E+00 1.33E+00 1.33E+00 1.31E+00 1.27E+00 1.10E+00 3.38E-01 2.19E-02 3.59E-04 7.63E-08 2.52E-22 V
gd156 4.25 I f 7.13E+02 7.13E+02 7.13E+02 7.13E+02 7.13E+02 7.13E+02 7.13E+02 7.14E+02 7.14E+02 7.14E+02 7.14E+02 7.14E+02 t
eul57 4.25 f 4.52E-03 4.52E-03 4.44E-03 4.34E-03 3.15E-03 1.52E-03 5.67E-05 2.40E-17 O.OOE+00 O.OOE+O0 O.OOE+00 O.OOE+00 ,
gdl 57 4.5 I f 1.82E-01 1.82E-01 1.82E-01 1.82E-01 1.84E-01 1.85E-01 1.87E-01 1.87E-01 1.87E-01 1.87E-01 1.87E-01 1.87E-01
gdl 58 4.25 I f 8.70E+02 8.70E+02 8.70E+02 8.70E+02 8.70E+02 8.70E+02 8.70E+02 8.70E+02 8.70E+02 8.70E+02 8.70E+02 8.70E+02 j,.b
gd159 4.25 I f 4.1OE-02 4.1OE-02 4.03E-02 3.96E-02 3.05E-02 1.68E-02 1.14E-03 8.64E-14 0.OOE+O0 O.OOE+O0 O.OOE+00 0.OOE+00 G
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SQH*rce Term Analysis PPL Revised~culation
Al0 Fuel at EPU Conditions Table 3.4

Mass (grams) per Single Assembly of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWd/MTU

Maximum Isotopic Mass (4.25 wt% U-235 and 4.50 wt/o U-235)
limit

Nuclide enr 0.0 d 1 sec 30 min 1 hr 8 hr 1.0 d 4.0 d 30.0 d 900d 180.0 d I 3 vr
tb159 4.25 I f 4.04E+01 4.04E+01 4.04E+01 4.04E+01 4.04E+01 4.04E+01 4.04E+01 4.04E+01 4.04E+01 4.04E+01 4.04E+01 4.04E+01
gdl6O 4.25 I f 4.53E+02 4.53E+02 4.53E+02 4.53E+02 4.53E+02 4.53E+02 4.53E+02 4.53E+02 4.53E+02 4.53E+02 4.53E+02 4.53E+02
tbl 60 4.25 I f 1.45E+00 1.45E+00 1.45E+00 1.45E+00 1.45E+00 1.44E+00 1.40E+00 1.09E+00 6.13E-01 2.59E-01 4.37E-02 3.98E-05
dyl60 4.25 I f 6.17E+00 6.17E+00 6.17E+00 6.17E+00 6.17E+00 6.18E+00 6.22E+00 6.54E+00 7.01E+00 7.36E+00 7.58E+00 7.62E+00
tb161 4.25 I f 6.87E-02 6.87E-02 6.85E-02 6.84E-02 6.65E-02 6.21 E-02 4.60E-02 3.38E-03 8.14E-06 9.65E-1 0 8.002-18 O.OOE+00
dyl 61 4.25 I f 5.73E+00 5.73E+00 5.73E+00 5.73E+00 5.73E+00 5.74E+00 5.75E+00 5.79E+00 5.80E+00 5.80E+00 5.80E+00 5.80E+00
dy162 4.25 I f 3.82E+00 3.82E+00 3.82E+00 3.82E+00 3.82E+00 3.82E+00 3.82E+00 3.82E+00 3.82E+00 3.82E+00 3.82E+00 3.82E+00
dy163 4.25 I f 3.00E+00 3.OOE+00 3.00E+00 3.00E+00 3.00E+00 3.OOE+00 3.00E+00 3.00E+00 3.00E+00 3.00E+00 3.00E+00 3.00E+O0
dy164 4.25 I f 5.69E-01 5.69E-01 5.69E-01 5.69E-01 5.69E-01 5.69E-01 5.69E-01 5.69E-01 5.69E-01 5.69E-01 5.69E-01 5.69E-01
hol 65 4.25 I f 9.31 E-01 9.31 E-01 9.31E-01 9.31 E-01 9.31 E-01 9.32E-01 9.32E-01 9.32E-01 9.32E-01 9.32E-01 9.32E-01 9.32E-01
er166 4.25 I f 2.17E-01 2.17E-01 2.17E-01 2.17E-01 2.17E-01 2.18E-01 2.18E-01 2.18E-01 2.18E-01 2.18E-01 2.18E-01 2.18E-01 M
hf 176 4.5 1 8.84E-02 8.84E-02 8.84E-02 8.84E-02 8.84E-02 8.84E-02 8.84E-02 8.84E-02 8.84E-02 8.84E-02 8.84E-02 8.84E-02
hf177 4.5 1 9.62E-03 9.62E-03 9.62E-03 9.62E-03 9.62E-03 9.62E-03 9.62E-03 9.63E-03 9.63E-03 9.63E-03 9.63E-03 9.63E-03
hf178 4.5 1 1.10E-01 1.10E-01 1.10E-01 1.10E-01 1.10E-01 1.10E-01 1.10E-01 1.10E-01 1.10E-01 1.10E-01 1.10E-01 1.10E-01
hf 179 4.5 1 1.78E+00 1.78E+00 1.78E+00 1.78E+00 1.78E+00 1.78E+00 1.78E+00 1.78E+00 1.78E+00 1.78E+00 1.78E+00 1.78E+O0
hf 180 4.25 1 5.58E+00 5.58E+00 5.58E+00 5.58E+00 5.58E+00 5.58E+00 5.58E+00 5.58E+00 5.58E+00 5.58E+00 5.58E+00 5.58E+O0
hf18l 4.25 1 2.63E-02 2.63E-02 2.63E-02 2.63E-02 2.62E-02 2.59E-02 2.46E-02 1.61E-02 6.03E-03 1.38E-03 6.69E-05 4.34E-10 4
tal 81 4.25 1 3.46E-01 3.46E-01 3.46E-01 3.46E-01 3.46E-01 3.46E-01 3.47E-01 3.56E-01 3.66E-01 3.71 E-01 3.72E-01 3.72E-01
tal 82 4.25 1 8.99E-03 8.99E-03 8.99E-03 8.99E-03 8.97E-03 8.94E-03 8.78E-03 7.50E-03 5.23E-03 3.042-03 9.95E-04 1.22E-05
w1 82 4.5 1 1.OOE+00 1.OOE+00 1.OOE+00 1.OOE+00 1.OOE+00 1.OOE+00 1.OOE+00 1.OOE+00 1.OOE+00 1.01 E+00 1.01 E+00 1.01 E+00
re185 4.25 1 3.18E-02 3.18E-02 3.18E-02 3.18E-02 3.18E-02 3.19E-02 3.21E-02 3.34E-02 3.54E-02 3.70E-02 3.79E-02 3.82E-02 1
os1 86 4.25 1 4.61 E-02 4.61 E-02 4.61 E-02 4.61 E-02 4.61 E-02 4.62E-02 4.63E-02 4.64E-02 4.64E-02 4.64E-02 4.64E-02 4.64E-02
re187 4.25 1 8.95E-01 8.95E-01 8.95E-01 8.95E-01 8.95E-01 8.95E-01 8.95E-01 8.96E-01 8.96E-01 8.96E-01 8.96E-01 8.96E-01 TJ
os188 4.25 1 3.05E-01 3.052-01 3.05E-01 3.05E-01 3.05E-01 3.05E-01 3.05E-01 3.05E-01 3.05E-01 3.05E-01 3.05E-01 3.052-01
os189 4.25 1 2.32E-02 2.32E-02 2.32E-02 2.32E-02 2.32E-02 2.32E-02 2.32E-02 2.32E-02 2.32E-02 2.32E-02 2.32E-02 2.32E-02
os190 4.25 1 1.10E-02 1.10E-02 1.10E-02 1.10E-02 1.10E-02 1.1OE-02 1.10E-02 1.10E-02 1.10E-02 1.10E-02 1.10E-02 1.10E-02 ~
u234 4.5 a 4.61E+00 4.61 E+00 4.61 E+00 4.61E+00 4.61E+00 4.62E+00 4.62E+00 4.67E+00 4.77E+00 4.93E+00 5.26E+00 6.57E+00
u235 4.5 a 1.03E+03 1.03E+03 1.03E+03 1.03E+03 1.03E+03 1.03E+03 1.03E+03 1.03E+03 1.03E+03 1.03E+03 1.03E+03 1.03E+03
u236 4.5 a 1.16E+03 1.16E+03 1.16E+03 1.16E+03 1.16E+03 1.16E+03 1.16E+03 1.16E+03 1.16E+03 1.16E+03 1.16E+03 1.16E+03
u237 4.5 a 2.04E+00 2.04E+00 2.04E+00 2.03E+00 1.97E+00 1.84E+00 1.35E+00 9.37E-02 2.07E-04 9.01E-06 8.77E-06 7.96E-06-U
np237 4.5 a 1.48E+02 1.48E+02 1.48E+02 1.48E+02 1.48E+02 1.48E+02 1.48E+02 1.50E+02 1.50E+02 1.50E+02 1.50E+02 1.50E+02iw
u238 4.5 a 1.65E+05 1.65E+05 1.65E+05 1.65E+05 1.65E+05 1.65E+05 1.65E+05 1.65E+05 1.65E+05 1.65E+05 1.65E+05 1.65E+05
np238 4.25 a 4.30E-01 4.30E-01 4.27E-01 4.24E-01 3.85E-01 3.10E-01 1.16E-01 2.33E-05 5.21E-08 5.20E-08 5.19E-08 5.14E-08
pu238 4.5 a 8.05E+01 8.05E+01 8.05E+01 8.05E+01 8.06E+01 8.07E+01 8.09E+01 8.15E+01 8.24E+01 8.34E+01 8.43E+01 8.40E+01
u239 4.25 a 9.76E-02 9.76E-02 4.02E-02 1.66E-02 6.79E-08 3.29E-20 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
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SQH2rce Term Analysis PPL Revisedilculation
Al 0 Fuel at EPU Conditions Table 3.4

Mass (grams) per Single Assembly of ATRIUM-10 Fuel - Sum of Actinides, Fission Products and Light Elements
Decay time Following Bumup to 58 GWd/MTU

Maximum Isotopic Mass (4.25 wt% U-235 and 4.50 wt% U-235)
limit

Nuclide enr 0.0 d 1 sec 30 min 1 hr 8 hr 1.0 d 4.0 d 30.0 d 90.0 d 180.0 d 1 vr 3 vr
np239 4.25 a 1.41E+01 1.41E+01 1.40E+01 1.40E+01 1.28E+01 1.06E+01 4.36E+00 2.13E-03 5.32E-05 5.32E-05 5.32E-05 5.32E-05
pu239 4.5 a 9.88E+02 9.88E+02 9.88E+02 9.88E+02 9.89E+02 9.92E+02 9.98E+02 1.00E+03 11.00E+03 1.00E+03 1.00E+03 1.OOE+03
pu240 4.25 a 5.81 E+02 5.81 E+02 5.81E+02 5.81E+02 5.81E+02 5.81E+02 5.81 E+02 5.81 E+02 5.81E+02 5.82E+02 5.82E+02 5.84E+02
pu241 4.5 a 3.04E+02 3.04E+02 3.04E+02 3.04E+02 3.04E+02 3.04E+02 3.04E+02 3.03E+02 3.00E+02 2.97E+02 2.89E+02 2.63E+02
am241 4.5 a 1.35E+01 1.35E+01 1.35E+01 1.35E+01 1.35E+01 1.35E+01 1.37E+01 1.47E+01 1.71 E+01 2.06E+01 2.78E+01 5.43E+01
pu242 4.25 a 2.14E+02 2.14E+02 2.14E+02 2.14E+02 2.14E+02 2.14E+02 2.14E+02 2.14E+02 2.14E+02 2.14E+02 2.14E+02 2.14E+02 I-
am242 4.25 a 3.04E-02 3.04E-02 2.97E-02 2.91E-02 2.15E-02 1.08E-02 4.80E-04 3.70E-06 3.70E-06 3.69E-06 3.68E-06 3.65E-06
am242m 4.5 a 2.87E-01 2.87E-01 2.87E-01 2.87E-01 2.87E-01 2.87E-01 2.87E-01 2.87E-01 2.86E-01 2.862-01 2.85E-01 2.83E-01
am242 4.25 a 3.04E-02 3.04E-02 2.97E-02 2.91 E-02 2.15E-02 1.08E-02 4.80E-04 3.70E-06 3.70E-06 3.69E-06 3.68E-06 3.65E-06
cm242 4.25 a 5.17E+00 5.17E+00 5.17E+00 5.17E+00 5.17E+00 5.17E+00 5.11E+00 4.58E+00 3.55E+00 2.42E+00 1.1OE+00 4.99E-02
pu243 4.25 a 4.70E-02 4.70E-02 4.38E-02 4.08E-02 1.53E-02 1.64E-03 6.92E-08 3.70E-13 3.70E-13 3.70E-13 3.70E-13 3.70E-13
am243 4.25 a 6.17E+01 6.17E+01 6.17E+01 6.17E+01 6.18E+01 6.18E+01 6.18E+01 6.18E+01 6.18E+01 6.18E+01 6.18E+01 6.18E+01
cm243 4.25 a 2.04E-01 2.04E-01 2.04E-01 2.04E-01 2.04E-01 2.04E-01 2.04E-01 2.04E-01 2.03E-01 2.02E-01 1.99E-01 1.90E-01
cm244 4.25 a 3.24E+01 3.24E+01 3.24E+01 3.24E+01 3.24E+01 3.24E+01 3.24E+01 3.23E+01 3.21E+01 3.18E+01 3.12E+01 2.89E+01
cm245 4.25 a 1.45E+00 1.45E+00 1.45E+00 1.45E+00 1.45E+00 1.45E+00 1.45E+00 1.45E+00 1.45E+00 1.45E+00 1.45E+00 1.45E+00
cm246 4.25 a 3.96E-01 3.96E-01 3.96E-01 3.96E-01 3.96E-01 3.96E-01 3.96E-01 3.96E-01 3.96E-01 3.96E-01 3.96E-01 3.96E-01
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