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Related to the Re-evaluation of the Fuel Handling Dose Consequences 

1. NUREG-1465, "Accident Source Terms for Light-Water Nuclear Power 
Plants," February 1995.

2. USNRC Regulatory Guide 1.183, "Alternative Radiological Source Terms 
for Evaluating Design Basis Accident at Nuclear Power Reactors," July 
2000.  

3. Entergy letter, T. A. Sullivan to USNRC (JAFP-02-0098) dated April 26, 
2002 regarding "Revision J to Proposed Technical Specification Change 
(License Amendment) Conversion to Improved Standard Technical 
Specifications." 

4. USNRC letter, D. S. Hood to G. Van Middlesworth, dated April 16, 2001 
regarding "Duane Arnold Energy Center - Issuance of Amendment 
Regarding Secondary Containment Operability During Movement of 
Irradiated Fuel and Core Alterations (TAC No. MB1569)." 

Dear Sir: 

Pursuant to 10 CFR 50.90 and 50.67, Entergy Nuclear Operations, Inc. (ENO) hereby proposes 
to amend Appendix A (Technical Specifications) of the James A. FitzPatrick operating license to 
change the requirements associated with handling irradiated fuel and performing core 
alterations. Specifically, the changes would eliminate operability requirements for secondary 
containment when handling recently irradiated fuel and during core alterations. ENO is also 
proposing to revise the requirements associated with equipment whose performance is not 
credited in the new calculations.



In support of these changes, ENO has completed new design-basis calculations using a 
selective implementation of alternate source term guidance for evaluating the potential dose 
consequences of a fuel handling accident. These calculations use the guidelines detailed in 
NUREG-1465 (Reference 1) and Regulatory Guide 1.183 (Reference 2). The calculations 
demonstrate that radiological doses at the exclusion area boundary (EAB), low population zone 
(LPZ) and in the control room (CR) are within allowable limits without crediting secondary 
containment integrity.  

ENO has evaluated the proposed changes in accordance with 1 OCFR50.91 (a)(1), using the 
criteria in 10CFR50.92(c) and has determined that this request involves no significant hazards 
considerations.  

Attachment 1 describes and evaluates the proposed license change. Supporting radiological 
dose calculations are attachments 2, and 3. Attachment 4 provides marked-up pages of the 
technical specifications and technical specification bases to show the proposed changes.  
Attachment 5 summarizes ENO's commitments.  

This proposed change is based on the final proposed technical specification conversion to 
Improved Standard Technical Specifications (ITS) documented in Reference 3. Approval of this 
proposed change is requested by September 9, 2002 (after approval of the ITS conversion 
amendment) to support the scheduled implementation date of October 2002 and to support the 
fall refuel outage scheduled for October 5, 2002. Upon issuance of the ITS amendment, ENO 
will provide an updated TS markup to support final NRC review of this proposed change.  

To further limit the potential radiological consequences of a fuel handling accident, Entergy will 
revise the FitzPatrick guidelines for assessing systems removed from service during the 
handling of recently irradiated fuel assemblies or core alterations to implement the provisions of 
Section 11.3.6.5 of NUMARC 93-01, "Industry Guideline for Monitoring the Effectiveness of 
Maintenance at Nuclear Power Plants," Revision 3.  

Similar TS changes were approved by the NRC in Reference 4. In accordance with 10 CFR 
50.91, a copy of this application and attachments has been provided to the designated New York 
State official.  

If you have any questions, please contact Mr. Andrew Halliday at 315-349-6055.  

I declare under penalty of perjury that the foregoing is true and correct.  

Verytrulyyo rs, 

Executed on 7 7 2iJ. Knubel 
(Date) / Vice President

Operations Support
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Attachments:

1. Description and Evaluation of the Proposed Changes to the FitzPatrick Technical 
Specifications regarding Proposed License Amendment for a Limited Scope Application of 
the Alternate Source Term Guidelines in NUREG-1465 Related to the Re-evaluation of the 
Fuel Handling Dose Consequences 

2. Entergy Calculation No. JAF-CALC-RAD-0441 0, Rev. 0, "Fuel Handling Accident - AST 
Analysis for Relaxation of Secondary Containment Operability." 

3. Entergy Calculation No. JAF-CALC-RAD-04409, Rev. 0, "CR X/Qs Using ARCON96 Code 
for Post-FHA Releases from RB Track Bay Door and RB Vent." 

4. Proposed Changes to the FitzPatrick Technical Specifications regarding Proposed License 

Amendment for a Limited Scope Application of the Alternate Source Term Guidelines in 
NUREG-1465 Related to the Re-evaluation of the Fuel Handling Dose Consequences 
Marked-Up Pages 

5. Summary of Commitments 

cc:

Regional Administrator, Region I 
U.S. Nuclear Regulatory Commission 
475 Allendale Road 
King of Prussia, PA 19406 

Mr. G. Vissing, Project Manager, Section 1 
Project Directorate I-1 
Division of Licensing Project Management 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop: 8C2 
Washington, DC 20555

Senior Resident Inspector 
James A. FitzPatrick Nuclear Power Plant 
U. S. Nuclear Regulatory Commission 
P. 0. Box 136 
Lycoming, NY 13093 

Mr. William M. Flynn 
New York State Energy, Research and 

Development Authority 
Corporate Plaza West 
286 Washington Ave Extension 
Albany, NY 12203-6399
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Entergy Nuclear Operations, Inc.  
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Entergy Nuclear Operations, Inc.  
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Proposed Amendment to the Technical Specifications 
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Attachment 1 to JPN-02-016

Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications 

INTRODUCTION 

Pursuant to 10 CFR 50.90 and 50.67, Entergy Nuclear Operations, Inc. (ENO) hereby proposes 
to amend Appendix A (Technical Specifications) of the James A. FitzPatrick operating license to 
change the requirements for handling irradiated fuel and performing core alterations.  
Specifically, the changes would eliminate operability requirements for secondary containment 
when handling recently irradiated fuel and during core alterations. ENO is also proposing to 
revise the requirements associated with equipment whose performance is not credited in the 
new calculations.  

The implementation of these changes could reduce the duration and cost of planned outages 
while maintaining an adequate safety margin. For example - moving large equipment into 
secondary containment in preparation for an outage must be coordinated with technical 
specification (TS) requirements for secondary containment operability. This limits how and when 

the equipment can be moved, which in turn, can result in delays to certain "critical path" activities 
and extend outage duration.  

Another potential benefit involves the performance of maintenance or repair work on redundant 
"divisionalized" safety systems. This work is usually scheduled to ensure that one division is 
operable while work is performed on the other division. Unanticipated problems with the 
operable division could require the suspension of the movement of irradiated fuel or other core 
alterations, such as control rod drive testing, until the problem is corrected and the system 
returned to operable status. The proposed change could also facilitate maintenance or repairs 
on non-redundant portions of the control room emergency ventilation system without suspending 
refueling activities.  

This document describes and evaluates the proposed license change. Other supporting 
documents provide marked-up pages of the technical specifications and technical specification 
bases to show the proposed changes, or detail supporting radiological dose calculations.  

1.0 DESCRIPTION 

FitzPatrick's TSs currently impose restrictions on plant operations when handling irradiated fuel 
assemblies or when performing core alterations. These restrictions require that certain 
structures, systems or components (SSCs) be operable. These restrictions assure that the 
radiological consequences of a fuel handling accident do not exceed those estimated in design
basis analyses.  

The changes proposed in this application are consistent with TSTF-51 "Revise containment 
Requirements During Handling Irradiated Fuel and Core Alterations," (Reference 24). TSTF-51 
removes TS requirements for engineered-safeguard features (ESF) (e.g., primary/secondary 
containment, standby gas treatment, isolation capability) to be operable after sufficient 
radioactive decay has occurred to ensure off-site doses remain below the standard review plan 
limits. TSTF-51 also deletes operability requirements during core alterations for ESF mitigation 
features.  

A fuel handling accident (or refueling accident) is discussed in Sections 14.6.1.4, "Refueling 
Accident," and 14.8.2.1.4 "Refueling Accident" of the updated FitzPatrick Final Safety Analysis
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Attachment 1 to JPN-02-016

Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications 

Report (UFSAR). The design-basis scenario is when one fuel assembly falls onto the top of the 
reactor core.  

Secondary containment, the standby gas treatment (SGT), and control room emergency 
ventilation air supply (CREVAS) filtration systems mitigate the potential effects of a fuel handling 
accident and are part of the primary success path for a design-basis FHA.  

2.0 PROPOSED CHANGE 

The proposed amendment would revise the Limiting Conditions for Operation (LCOs) in the 
FitzPatrick plant's TS to relax secondary containment operability requirements when handling 
recently irradiated fuel and during core alterations. The proposed revision would allow for more 
efficient performance of outage work while continuing to provide adequate controls against the 
release of fission product radioactivity to the outside atmosphere during core alterations or fuel 
handling activities inside containment.  

Current Technical Specifications require secondary containment, together with other mitigating 
systems, to be operable: 

(1) when handling irradiated fuel, or 
(2) during core alterations or 
(3) during operations with the potential for draining the reactor vessel (OPDRVs).  

The changes proposed would relax, or eliminate, conditions (1) and (2). Specifically, condition 
number (1) would be relaxed to require secondary containment, and other select systems, to be 
operable only while handling recently irradiated fuel. Changes to the TS bases define what time 
period must elapse before fuel is considered recently irradiated. Changes are proposed to 
eliminate operability requirements during core alterations (condition 2) except for AC and DC 
electrical systems during shutdown conditions. No changes are proposed to requirements 
associated with operations with the potential for draining the reactor vessel (condition 3). The 
associated bases for each of these sections are also revised to reflect the proposed change.  
Table I summarizes the changes proposed.  

The changes proposed do not alter operability requirements associated with core alterations and 
electrical power systems (AC, DC or distribution systems) while the plant is shutdown. This is to 
ensure that electrical power for certain systems (such as refueling interlocks or the Reactor 
Protection System) that could mitigate fuel-related accidents is available. Refueling interlocks 
impose restrictions on the movements of refueling equipment and control rods prevent an 
inadvertent criticality during refueling operations. The RPS can initiate a reactor scram in time to 
prevent fuel damage in the event of errors or malfunctions during criticality testing with the 
reactor vessel head off. (See UFSAR Section 14.6.1.4).  

Section 9.9.3.11 ("Control and Relay Room Air Conditioning Systems") and Figure 9.9-5 ("Flow 
Diagram - Administration and Control Room Heating Vent and Air Conditioning") of the 
FitzPatrick UFSAR describes the FitzPatrick Control Room Ventilation System. Section 9.9.3.3 
("Reactor Building Ventilation System") and Figure 9.9-1 ("Reactor Building Ventilation System") 
of the UFSAR describe the Reactor Building ventilation system. Design-basis radiological 
analyses are described in Section 14.8.2 ("Uprate Power Level Radiological Analyses") of the
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Attachment 1 to JPN-02-016

Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications 

UFSAR. Fuel handling accident analyses are described in UFSAR Sections 14.6.1.4 ("Refueling 
Accident"), and 14.6.3 ("Reload Core"). A 1995 report (Reference 26) summarizes how the 
FitzPatrick control room ventilation system compares to the NRC staff guidance in Standard 
Review Plan 6.4.
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Attachment 1 to JPN-02-016

Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications

TABLE 1 - Summary of Proposed Changes to the Technical Specifications

Delete 

Operations 

Section Title Add "recently" Delete CORE with a potential 
irradiated? ALTERATIONS for Draining 

the Reactor 
Vessel 

(OPDRVs) 

3.3.6.2 Isolation Actuation 
Instrumentation, (Table 
3.3.6.2-1, Secondary 
Containment Isolation 
Instrumentation) 

3.3.7.1 Control Room Emergency 
Ventilation System Air 
Supply (CREVAS) System 
Instrumentation 

3.6.4.1 Secondary Containment 

3.6.4.2 Secondary Containment YES YES NO 
Isolation Valves (SClVs) 

3.6.4.3 Standby Gas Treatment 
(SGT) System 

3.7.3 Control Room Emergency 
Ventilation Air Supply 
(CREVAS) System 

3.7.4 Control Room Air 
Conditioning (AC) System 

3.8.2 AC Sources - Shutdown 

3.8.5 DC Sources - Shutdown NO 

3.8.8 Distribution Systems 
Shutdown
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Attachment I to JPN-02-016

Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications 

3.0 BACKGROUND 

In December 1999, the NRC issued a new regulation, 10 CFR 50.67, which provides a means 
for power reactor licensees to replace their existing accident source term with AST. Regulatory 
Guide 1.183 (Reference 2) provides guidance for the implementation of alternate source terms 
(ASTs). 10 CFR 50.67 requires licensees seeking to use AST to apply for a license amendment 
and include an evaluation of the consequences of the affected design-basis accidents. This 
application addresses these requirements by proposing to selectively use the AST described in 
RG 1.183 in evaluating the radiological consequences of an FHA. 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 
GDC 19, 10 CFR 50, Appendix A.  

4.0 TECHNICAL ANALYSIS 

4.1 Alternate Source Term 

ENO has completed two new calculations evaluating the potential dose consequences of the 
fuel handling accident. A copy of both of these calculations is included with the application 
package. These calculations use the alternate source term guidelines outlined in NUREG-1465 
(Reference 1), Regulatory Guide 1.183 (Reference 2) and DG-1 111 (Reference 21). These 
calculations demonstrate that radiological doses at the exclusion area boundary (EAB), low 
population zone (LPZ) and in the control room (CR) are within allowable limits without crediting 
secondary containment operability, control room emergency ventilation filtration or standby gas 
treatment.  

4.2 Atmospheric Dispersion (X/Q) 

Atmospheric dispersion factors (X/Q) at the normal (primary) FitzPatrick control room air intake 
were calculated using the ARCON96 (Atmospheric Relative CONcentrations in Building Wakes, 
Reference 20) computer code. Primary assumptions used in this analysis are summarized 
below: 

"* Reactor building refuel floor normal exhaust (NE corner of reactor building) and Reactor 
Building Track Bay Doors were evaluated as release points 

"* Release point treated as ground-level release 
"• 8 years (1985 - 1992) of FitzPatrick-specific meteorological data 
"• The doors located in the reactor building pressure boundary are airtight, are normally 

closed (except for passage of authorized personnel) for security purposes and are 
arranged in an "air lock" configuration that allows passage by opening only one door at a 
time. Since the doors are normally closed during refueling outages they are not 
considered as potential release paths.  

"* Vent release mode not used as per DG-1 111 (Reference 21) for avoiding the use of the 
vent release model (mixed mode release) in design-basis accident applications 

Table 2 summarizes the results of this calculation. A copy of the complete calculation is 
included as part of this submittal.
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Attachment 1 to JPN-02-016

Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications 

TABLE 2 - Atmospheric Dispersion Factors (X/Q) 
for Control Room X/Q (s/m3) from Reference 5

As noted in the introduction of DG-1 111 (Reference 21), many of the positions in the guide 
represent significant changes. ARCON96 implements an improved building wake dispersion 
algorithm; assessments of ground level, building vent, elevated and diffuse-source release 
models; use of hour-by-hour meteorological observations; sector averaging; and directional 
dependence of dispersion conditions. Therefore, no discussion of the comparison with current 
licensing basis X/Q values is presented.  

4.3 Radiological Consequences of a Design-Basis Fuel Handling Accident 

The radiological consequences of a design-basis FHA were analyzed using FitzPatrick-specific 
design inputs and assumptions. No specific ESF functions were credited in the analysis. The 
calculations assumed that the control room ventilation system remained in its normal (non
emergency) mode. Similarly, the standby gas treatment system was assumed not to be 
operating. Plant-specific design inputs were validated (See NEI 99-03, Reference 11) to ensure 
that they are representative of "as-built" plant design conditions.  

Primary assumptions used in this analysis are summarized below: 

* Alternate source terms used 
* No credit taken for ESF systems (secondary containment operability, standby gas 

treatment system filtration or operation of the control room emergency ventilation air 
supply system) 

* Analyses used guidance in Regulatory Guide 1.183, Appendix B 
* Fuel decayed for a period of 96 hours 
* 99% of the release occurred during a 2-hour period 
0 Credited scrubbing of the halogen activity by water over dropped assembly 

Table 3 summarizes the key assumptions and design-basis parameters used in the 
development of the source term. The EAB, LPZ and CR TEDE doses were calculated using the 
post-FHA release through the reactor building vent for 0-2 hours using the newly calculated

8

Reactor Building Reactor Building 
Time Interval (hrs.) Vent Track Bay Doors 

0 - 2 3.52E-03 9.07E-04 

2 - 8 3.31 E-03 8.27E-04 

8 - 24 1.43E-03 3.59E-04 

24 - 96 7.73E-04 2.33E-04 

96 - 720 6.07E-04 2.03E-04



Attachment 1 to JPN-02-016

Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications 

X/Qs (Reference 5).  

Appendix B to RG 1.183 

Appendix B of Regulatory Guide 1.183 (Reference 2) outlines six groups of assumptions 
acceptable to the NRC staff for evaluating the radiological consequences of a design-basis fuel 
handling accident. The following sections will discuss these assumptions as they relate to the 
new analyses.  

Source Term 

The fractions of core inventory assumed to be in the gap for the various nuclides are 
taken from Table 3 "Non-LOCA Fraction of Fission Product Inventory in Gap" of 
Regulatory Guide 1.183. These release fractions were then applied to the core fission 
product inventory, a conservative estimate of 125 fuel damaged rods, and a maximum 
core radial peaking factor of 1.6, to produce the source term used in the analysis.  

Water Depth 

A decontamination factor (DF) of 200 was assumed for the scrubbing effects of water on 
halogen activity released. The DF was based on a minimum of 23 feet of water over the 
dropped assembly. While the minimum water depth above spent fuel assemblies in the 
spent fuel pool permitted by TS is less (21 ft. 7 in.), calculations show that as a result of a 
reduced drop height, an assembly dropped over the spent fuel pool would involve less 
energy and result in fewer damaged assemblies. Consequently, the radiological 
consequences of a FHA over the reactor vessel bound the consequences of a FHA over 
the spent fuel pool.  

Noble Gases 

A decontamination factor of 1 was used because the retention of noble gases in the 
water in the fuel pool or reactor cavity is negligible. Particulate radionuclides were 
assumed to be retained by the water in the fuel pool or reactor cavity (i.e., infinite 
decontamination factor).  

Fuel Handlinq Accidents within the Fuel Buildinq 

This section of the regulatory guide is not applicable, as FitzPatrick does not have a 
separate fuel building.  

Fuel Handling Accident within Containment 

Entergy analyses assumed that the reactor building refuel floor ventilation system is 
functioning and the exhaust dampers are open during fuel handling operations. No credit 
has been taken for ESF actuation or manual actions to restore containment closure.  
Radioactive material that escapes from the spent fuel pool, or reactor cavity, is released 
to the environment over a 2-hour period.
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Attachment 1 to JPN-02-016

Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications 

Credit for dilution or mixing of the activity released from the reactor cavity by natural or 
forced convection inside the containment was not considered.  

Core Inventory 

The core inventory is based on a thermal power level of 1.02 times the maximum power 
level authorized by the FitzPatrick operating license (2536 X 1.02 = 2,586.5 = 2,587 
MWt.). A radial peaking factor of 1.6 was used instead of 1.5 as recommended in 
Regulatory Guide 1.183 to provide additional margin for future core reloads and different 
fuels. The isotopic activities released from the damaged fuel rods are calculated based 
on the number of rods failed during the FHA and core thermal power level to obtain the 
Ci/MWt 

Number of Fuel Rods Damaged 

The analyses assumed that 125 fuel rods were damaged. This is the same number as 
was used in the current licensing basis FHA. See UFSAR Section 14.8.2.1.4 "Refueling 
Accident." 

Assuming that all fuel is GE-8, there are 60 rods per assembly, and a total of 560 
assemblies, there would be a total of 33,600 fuel rods in the core. However, FitzPatrick 
currently has fuel types other than GE-8 in the reactor core. Although the number of fuel 
rods damaged for other fuel types (such as GE-9, GE-1 0 or GE-1 1 fuel) would be greater 
in number that for GE-8 fuel, the use of a core inventory release fraction (125/33600 = 

0.37%) based on a full inventory of GE-8 fuel bounds the other fuel types.  

Refer to GNF report NEDE-31152P (Reference 18) and NEDE-24011-P-A-US-14 
(Reference 19) for additional information.  

Timing of Release Phase 

Gap activity in the damaged rods was assumed to be released instantaneously. The 
analysis assumed that the release to the atmosphere would occur over a 2-hour period.  

RADTRAD Computer Code 

Dose calculations were performed using the RADTRAD (RADionuclide Transport and Removal 
and Dose Estimation) computer program, Version 3.02 (Reference 15). RADTRAD uses a 
combination of tables and numerical models of source term reduction phenomena to determine 
the time-dependent dose at a specified location. It also provides the inventory, decay chain and 
dose conversion factors needed for the dose analysis. The RADTRAD code was developed by 
Sandia National Laboratories, the NRC's technical contractor, for the staff to use in estimating 
fission product transport and removal, and in estimating radiological doses at selected receptors 
at nuclear power plants. The NRC has reviewed and approved other AST-based TS changes 
that used this same program (Reference 22).
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Attachment I to JPN-02-016

Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications 

Control Room Envelope In-leakaqe 

Infiltration pathways, other than through the normal CR outside air intake, were not considered in 

this analysis because the control room ventilation system was assumed to operate in it's 
"normal" (non-emergency mode) without taking credit for emergency filtration systems or the 

effects of pressurizing or isolating the control room envelope.  

Between 1993 and 2002, FitzPatrick's control room envelope has been the focus of engineering 
work to improve it's operation. By design, the control room emergency ventilation system (in the 

isolated mode) is capable of maintaining 0.125 inch water positive pressure with respect to all 
adjacent areas. As a result of this work, the differential pressure at the most conservative test 
point has increased by almost 150%.  

An annual control room envelope "integrity" inspection is conducted of cable penetrations, 
conduit-ends, ducts, walls, structural steel intersections, floor and roof drains, piping 
penetrations and door weather stripping. Quarterly tests are conducted to confirm system 
operation and to identify performance trends.  

Entergy believes that the effects of any additional unfiltered air intake as a result of in-leakage 
will not be significant although tests to quantify air leakage into the control room envelope have 
not been conducted. This is based on the result of evaluations conducted over the past several 
years and the conservation assumptions and models used in this analysis.  

4.4 Results 

The resulting doses at the EAB, LPZ and CR locations are compared with the regulatory 
allowable limits in Table 4. Table 5 compares these to current licensing basis (CLB) radiological 

doses for a refueling accident (or FHA). CLB doses are from Tables 14.8-8, -9, -10 and -11 of 

the FitzPatrick UFSAR. Radiological doses to Technical Support Center (TSC) personnel were 
not calculated because an engineering evaluation demonstrated that exposures for CR 
personnel bound the doses expected for the TSC.
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Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications 

TABLE 3 - Key Inputs for Fuel Handling Analysis

Parameter Value Notes 

Reactor Power Level 2,587 MWt 1.02 times current licensed 
power level (2,536 MWt) 

Radial Peaking Factor 1.6 Conservative value - greater 
than 1.5 value recommended 
by NRC Safety Guide 25.  

Number of Fuel Rods 125 Based on GE-8 fuel and drop 
Damaged height over reactor core.  
Fuel Decay Time 96 hours Assumption.  
Total Number of Fuel Rods in 33,600 (560 assemblies) Based on GE-8 fuel 
Core 
Core Radionuclide Inventory See Attachment 2, 

(JAF-CALC-RAD-0441 0, 
Reference 5) 

Gap Fractions 

"* Alkali Metals 0.12 From Regulatory Guide 1.183, 

"* Iodine 131 0.08 Regulatory Position 3.2, Table 

"* Other Halogens 0.05 3, "Non-LOCA Fraction of 

"* Kr-85 0.10 Fission Product Inventory in 

"* Noble Gases - Excluding 0.05 Gap" 

Kr-85 

Iodine Release Chemical Form 

"* Elemental 57% From RG 1.183, Appendix B, 

"* Organic 43% Section 2.  

Overall Effective Iodine 200 Based on 23 ft. water depth 
Decontamination Factor over reactor core.  

Control Room Volume 101,000 cu. ft. From FitzPatrick UFSAR 
Section 14.8, Table 14.8-6, 
"Control Room Characteristics 
and CREVASS Operating 
Conditions and Flows" 

Control Room Fresh Air 2, 112 cfm From plant drawing 11825-FB
Makeup Rate 35C, Rev. 14.  

Release Point Reactor Building Vent Limiting X/Q.  

Reactor Building Volume 2.60E+06 cubic feet Calculation assumes all 
airborne activity is released 
within 2 hours.
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Entergy Nuclear Operations, Inc.  
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Proposed Amendment to the Technical Specifications

13

Parameter Value Notes 

Reactor Building Ventilation 99,800 cfm See, JAF-CALC-RAD-0441 0, 
Rate Section 7.3, "Post-FHA 

Release Rate"
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Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications

TABLE 4 - Radiological Dose Effects of Fuel Handling Accident 
Reactor Building Refueling Vent Release Point 

Receptor Location 

Control Room EAB LPZ 

Calculated 
TEDE Dose 4.67 0.265 0.0296 

(rem) 

Allowable 
TEDE Limit 5.00 6.30 6.30 

(rem) 

TABLE 5 - Comparison of Current Licensing Basis (CLB) and 
Alternate Source Term (AST) Radiological Doses 

as a result of a Fuel Handling Accident at FitzPatrick

Assumes control room ventilation system is pre-isolated during fuel handling operations.  
No credit taken for control room ventilation filtration system.  
Not calculated - CR doses bound TSC doses.  
Assumes technical support center ventilation system is isolated 30 minutes after refueling accident.

14

Site Boundary / Low Populations Technical 
Exclusion Area Zone Control Room Support Center 

Boundary 

CLB AST CLB AST CLB AST CLB AST 
(Rem) (TEDE) (Rem) (TEDE) (Rem) 1  (TEDE)2  (Rem) 4  (TEDE) 

Thyroid 2.38 0.46 9.2 25.8 

Whole 0.15 0.265 0.05 0.0296 0.5 4.67 3.5 Not 
Body ICal.

3 

Skin 0.24 0.09 0.6 2.0

Notes

1.  
2.  
3.  
4.
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5.0 REGULATORY SAFETY ANALYSIS 

5.1 No Significant Hazards Consideration 

ENO has evaluated whether or not a significant hazards consideration is involved with the 
proposed amendment by focusing on the three standards set forth in 10 CFR 50.92, "Issuance 
of amendment," as discussed below: 

1. Does not involve a significant increase in the probability or consequences of an 

accident previously analyzed? 

Response: No.  

The proposed TS changes do not modify the design or operation of equipment used to 
move spent fuel or to perform core alterations. Because the equipment affected by the 
change is not an initiator to any previously analyzed accident, the proposed change 
cannot increase the probability of any previously analyzed accident.  

The conservative re-analysis of the fuel handling accident concludes that radiological 
consequences are within the acceptance criteria in Regulatory Guide 1.183 and 10 CFR 
50.67. The results of the core alteration events, other than the fuel handling accident, 
remain unchanged from the original design-basis, which showed that these events do not 
result in fuel cladding damage or radioactive release. The radiological analysis uses the 
same FHA source activity previously accepted in the design-basis FHA analysis. The 
same source activity is used with the guidance in the Regulatory Guide 1.183, Appendix 
B and the passive release/transport path, which does not take the dose mitigation credit 
of engineered safeguards including secondary containment and CREVAS Systems.  

Therefore, this proposed amendment does not involve a significant increase in the 
probability of occurrence or consequences of an accident previously analyzed.  

2. Does not create the possibility of a new or different kind of accident from any accident 
previously analyzed? 

Response: No 

The proposed post-FHA activity transport path is passive in nature and it does not take 
the credit of dose mitigation functions previously credited in the design-basis FHA 
analysis. The proposed changes do not introduce any new modes of plant operation and 
do not involve physical modifications to the plant.  

Therefore, this proposed amendment does not create the possibility of a new or different 
kind of accident from any previously analyzed.  

3. Does not involve a significant reduction in the margin of safety? 

Response: No
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The proposed changes revise the FitzPatrick TS to establish operational conditions 
"where specific activities represent situations during which significant radioactive releases 
can be postulated. These new operational conditions are consistent with the proposed 
design-basis accident analysis and are established such that the radiological 
consequences are less than the regulatory allowable limits. Safety margins and 
analytical conservatisms are retained to ensure that the analysis adequately bounds all 
postulated event scenarios. The selected assumptions and release models provide an 

appropriate and prudent safety margin against unpredicted events in the course of an 

accident and compensates for large uncertainties in facility parameters, accident 
progression, radioactive material transport and atmospheric dispersion. The proposed 

TS applicability statements continue to ensure that the TEDE at the control room and the 

exclusion area and low population zone boundaries are below the corresponding 
regulatory allowable limits in 10 CFR 50.67(b)(2).  

Therefore, these changes do not involve a significant reduction in margin of safety.  

Based on the above, ENO concludes that the proposed amendment presents no significant 
hazards consideration under the standards set forth in 1 OCFR50.92(c), and, accordingly, a 
finding of "no significant hazards consideration" is justified.  

5.2 Applicable Re-gulatory Requirements/Criteria 

This section describes how the proposed changes and ENO's technical analyses satisfy 
applicable regulatory requirements and acceptance criteria.  

10 CFR 50, Appendix A, General Design Criterion 61, "Fuel Storage and Handling and 
Radiological Control" 

The general design criteria (GDC) in place today became effective after the 
FitzPatrick construction permit was issued. A September 18, 1992 memorandum 
to the NRC EDO from the Secretary of the NRC summarized the results of a 
Commissioners vote in which the Commissioners instructed the NRC staff not to 
apply the GDC to plants with construction permits issued prior to May 21, 1971.  
FitzPatrick's construction permit was issued on May 20, 1970.  

FitzPatrick's design and licensing basis for fuel storage and handling and 
radiological controls is detailed in the updated Final Safety Analysis Report 
(UFSAR), and other plant-specific licensing basis documents. Appendix H of the 
FitzPatrick operating license (OL) FSAR evaluated the FitzPatrick design against 
the GDC presented in 10 CFR 50, Appendix A, effective May 21, 1971.  

10 CFR 50.67 "Accident Source Term" 

10 CFR 50.67 permits licensees to voluntarily revise the accident source term 
used in design-basis radiological consequence analyses. This document is part 
of a 10 CFR 50.90 license amendment application and evaluates the
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consequences of a design-basis fuel handling accident previously reported in the 
safety analysis report.  

10 CFR 50.65 "Requirements for monitoring the effectiveness of maintenance at nuclear 
power plants" 

10 CFR 50.65(a)(4) requires licensees to assess and manage changes in risk 
that result from taking risk-significant systems out-of-service or during certain 
maintenance activities. The NRC staff, in Regulatory Guide 1.182 (Reference 23) 

state that the methods detailed in Section 11 of NUMARC 93-01 (Reference 16) 

are acceptable for complying with the requirements of 10 CFR 50.65(a)(4).  
Section 11.3.6.5 "Containment - Primary (PWR)/Secondary (BWR)," of NUMARC 
93-01 states: 

Maintenance activities involving the need for open containment should 
include evaluation of the capability to achieve containment closure in 

sufficient time to mitigate potential fission product release. This time is 
dependent on a number of factors, including the decay heat level and the 
amount of RCS inventory available.  

For BWRs, technical specifications may require secondary containment to 
be closed under certain conditions, such as during fuel handling and 
operations with a potential to drain the vessel.  

In addition to the guidance in NUMARC 91-06, for plants which obtain 
license amendments to utilize shutdown safety administrative controls in 
lieu of Technical Specification requirements on primary or secondary 
containment operability and ventilation system operability during fuel 
handling or core alterations, the following guidelines should be included in 
the assessment of systems removed from service: 

" During fuel handling/core alterations, ventilation system and radiation 
monitor availability (as defined in NUMARC 91-06) should be 
assessed, with respect to filtration and monitoring of releases from the 
fuel. Following shutdown, radioactivity in the RCS decays fairly 
rapidly. The basis of the Technical Specifications operability is the 
reduction in doses due to such decay. The goal of maintaining 
ventilation system and radiation monitor availability is to reduce dose 

even further below that provided by the natural decay, and to avoid 
unmonitored releases.  

" A single normal or contingency method to promptly close primary or 
secondary containment penetrations should be developed. Such 
prompt methods need not completely block the penetration or be 
capable of resisting pressure. The purpose is to enable ventilation 
systems to draw the release from a postulated fuel handling accident 
in the proper direction such that it can be treated and monitored.
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To further limit the potential radiological consequences of a fuel handling accident 
at FitzPatrick, Entergy will revise the FitzPatrick guidelines for assessing systems 
removed from service during the handling of recently irradiated fuel assemblies or 
core alterations to implement the provisions of Section 11.3.6.5 of NUMARC 93
01, "Industry Guideline for Monitoring the Effectiveness of Maintenance at 
Nuclear Power Plants," Revision 3. These new or revised guidelines will address 
the capabilities to promptly close secondary containment and will be completed 
prior to the implementation of this license amendment. (This commitment is also 
consistent with the NRC-approved generic TS change, TSTF-51 (Reference 24) 
regarding usage of the term "recently irradiated fuel assemblies.") 

10 CFR 100, Para-graph 11, "Determination of Exclusion Area, Low Population Zone and 
Population Center Distance" 

This paragraph provides criteria for evaluating the radiological aspects of reactor 
sites. A footnote to 10 CFR 100.11 states that the fission product release 
assumed in these evaluations should be based on a major accident involving 
substantial meltdown of the core with subsequent release of appreciable 
quantities of fission products. A similar footnote appears in 10 CFR 50.67.  

In accordance with the provisions of 10 CFR 50.67(a), the radiation dose 
reference values in 10 CFR 50.67(b)(2) were used in these analyses in lieu of 
those prescribed in 10 CFR 100. (Refer to footnote 5 on page 1.183-7 of 
Regulatory Guide 1.183, dated July 2000.) 

Regulatory Guide 1.25, "Assumptions Used for Evaluating the Potential Radiological 
Consequences of a Fuel Handling Accident in the Fuel Handling and Storage Facility for 
Boilinq and Pressurized Water Reactors" 

Regulatory Guide 1.25 is not applicable to the application. Regulatory Guide 
1.183 supersedes corresponding radiological assumptions provided in other 
regulatory guides and standard review plan chapters when used in conjunction 
with an approved alternate source term and the TEDE criteria provided in 10 CFR 
50.67.  

Regulatory Guide 1.183, "Alternative Radiolo-gical Source Terms for evaluating Design 
Basis Accidents at Nuclear Power Reactors", July 2000 

This guide outlines acceptable applications of ASTs; the scope, nature and 
documentation of associated analyses and evaluations; consideration of impacts 
on analyzed risk; and content of submittals. It also establishes acceptable ASTs 
and identifies the attributes of ASTs acceptable to the NRC staff. This guide also 
identifies acceptable radiological analysis assumptions for use in conjunction with 
the AST.  

Entergy used this regulatory guide extensively in the preparation of this "selective 
implementation" evaluation, the supported application and the supporting
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analyses. This application and the supporting analyses comply with this guidance 
to the extent practical.  

NUREG-1465, "Accident Source Terms for Light-Water Nuclear Power Plants" 

NUREG-1465 (Reference 1) provides more realistic estimates of "source term" 
releases into containment in terms of timing, nuclide types, quantities, and 
chemical form, given a severe core melt, than TID-14844 (Reference 17).  
NUREG-1465 provides much of the technical basis for the regulatory positions in 
Regulatory Guide 1.183.  

NUREG-0800, Standard Review Plan, Section 15.7.4, "Radiological Consequences of 

Fuel Handling Accidents" 

This SRP section covers the review of the radiological effects of a postulated fuel 

handling accident. Revision 1 does not reflect the guidance in Regulatory Guide 
1.183 or the promulgation of 10 CFR 50.67.  

5.3 Conclusion 

The results of these analyses indicate that the dose at the exclusion area boundary (EAB) would 

be no more than 0.265 rem total effective dose equivalent (TEDE) and the dose at the low

population zone (LPZ) would be no more than 0.0296 rem TEDE. These results are less than 

the TEDE criteria of 6.3 rem set forth in Regulatory Guide 1.183 and are a small fraction of the 

dose criteria in 10 CFR 50.67(b)(2)(i) and (ii). The analyses also show that control room 

operators would receive no more than 4.67 rem TEDE. These doses are less than the TEDE 

limit of 5 rem contained in 10 CFR 50.67(b)(2)(iii) and GDC -19, "Control Room." 

In conclusion, based on the considerations discussed above, 

(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 amendment will not be inimical to the common defense and 
security or to the health and safety of the public.  

Similar TS changes were approved by the NRC in Reference 4.  

6.0 ENVIRONMENTAL CONSIDERATION 

ENO has determined that the proposed amendment would change a requirement with respect to 
installation or use of a facility component located within the restricted area, as defined in 10 CFR 
20, or would change an inspection or surveillance requirement. However, the proposed 
amendment does not involve 

(i) a significant hazards consideration, 
(ii) a significant change in the types or significant increase in the amounts of any
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effluent that may be released offsite, or 
(iii) a significant increase in individual or cumulative occupational radiation exposure.  

Accordingly, the proposed amendment meets the eligibility criterion for categorical exclusion set 
forth in 10 CFR 51.22(c)(9). Therefore, pursuant to 10 CFR 51.22(b), no environmental impact 
statement or environmental assessment need be prepared in connection with the proposed 
amendment.
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"Fuel Handling Accident - AST Analysis for Relaxation of Secondary 
Containment Operability."
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1.0 BACKGROUND 

1.1 Definitions 

1.1.1 Containment Closure 

The action to secure secondary containment (SC) and its associated structures. systems 

and components as a FUNCTIONAL barrier to fission product release under existing 

plant conditions is referred to as closure. Functional barriers prevent or minimize airflow 

between compartments, but are not necessarily airtight or able to withstand a pressure 

difference.  

1.1.2 Operable - Operability 

A structure, system and component shall be considered operable or be maintaining 

operability when it is capable of performing its specified safety function(s) (Ref. 6.6.4).  

1.2 Maintaining Secondary Containment Operability 

The duration of refueling outages continues to be shortened to reduce plant operating 

costs. Therefore, any disruptions to critical path work can be extremely costly. This 

analysis supports elimination of a potential critical path impediment, namely maintenance 

of secondary containment (SC) operability.  

1.2.1 Primary Release Path 

The reactor building (RB) vent is the normal release point for air exhausted from the 

refuel floor (RF) and below-RF ventilation systems. Inoperability of SC isolation 

systems could result in this vent remaining open for the duration of a postulated Fuel 

Handling Accident (FHA). Therefore, this analysis considers a RB vent release as a 

viable post-FHA release path when RB isolation systems are rendered inoperative.  

1.2.2 Secondary Release Path 

Moving large quantities of material, as well as oversized components, into and out of the 

reactor building (RB) under current Technical Specifications (CTS) requires the reactor 

building track bay (RBTB) doors (R-272/1 & R-272/2) to be used in airlock mode to
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maintain SC operability. The RBTB doors are at ground level on the south wall of the 

RB. They are the largest doors into the RB and are capable of accommodating very large 

items such as railcars, spent-fuel casks, etc. As such, open track bay doors are considered 

a viable release path for post-FHA releases and hence are evaluated in this analysis.  

1.2.3 Secondary Containment Operability 

Secondary containment and its associated systems' operability requirements are specified 

in TS LCO 3.6.4.1 through LCO 3.6.4.3 (Refs. 6.6.1, 6.6.7 & 6.6.8) and LCO 3.6.6.2 

(Ref. 6.6.9). The proposed relaxation of SC operability allows the RB track bay (RBTB) 

doors (R-272/1 & R-272/2) and plant vent to remain open during refueling outages. It 

also allows the associated systems, which are normally required to maintain SC 

operability, to be unavailable during movement of irradiated fuel and core alterations.  

The Control Room Emergency Ventilation Air Supply (CREVAS) System also need not 

be operable, per LCO 3.7.3 and LCO 3.3.7.1 (Refs. 6.6.10 & 6.6.11).  

1.3 Release Pathways - Details 

The following release pathways are reviewed below to determine potential post-FHA 

release points: 

1. Doors in the RB Pressure Boundary 

2. RB Vent 

3. RBTB Doors 

1.3.1 Doors in the Reactor Building Pressure Boundary 

The doors located in the RB pressure boundary (Ref. 6.21) are airtight (Ref. 6.10.9), are 

normally closed (except for passage of authorized personnel) for security purposes, and 

are arranged in an "air lock" configuration that allows passage by opening only one door 

at a time. Since the doors are normally closed during refueling outages they are not 

considered as potential release paths.
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1.3.2 Reactor Building Vent 

The air from the RF is exhausted through ducts, which are comprised of radiation 

monitoring systems, two independent exhaust trains and air-operated valves (AOVs) in 

series (Ref. 6.24). The arrangement of two parallel air-operated dampers (AODs) 

downstream of the exhaust fans and in series with the AOVs makes the RF exhaust 

system single failure proof. Should a FHA occur, the exhaust duct radiation monitors 

isolate the RB vent, which is followed by startup of the standby gas treatment system.  

RB air is then directed to the SGTS (Ref. 6.24), where it is filtered through charcoal 

filters and released to the environment via the main stack. This monitored release path is 

already analyzed in the CR habitability analysis in Reference 6.18 on pages 60 through 

65 and the results are shown on pages 66 and 67. The worst-case CR thyroid and whole 

body doses are 24.86 rem and 0.01985 rem, respectively (Ref. 6.18, page 66, un-isolated 

CR). The corresponding CR TEDE dose is 0.767 rem (24.86 x 0.03 + 0.01985 = 0.767 

rem) (Ref. 6.1, Section 1.3.4, Note 7).  

With relaxation of SC and associated support-system operability during a refueling 

outage, the SGTS becomes inoperable, which makes available an unfiltered release path 

to the environment through the RB vent, should a FHA occur.  

1.3.3 Reactor Building Track Bay Doors 

The relaxation of SC containment operability allows the RBTB doors to remain open 

during refueling outages. The RBTB doors are a potential new path for the post-FHA 

release. Should a FHA occur, the activity contained in the RB volume from the damaged 

fuel could be released to the environment at ground level through the RBTB door.  

1.3.4 Release Point Comparison 

The atmospheric dispersion factors (x/Qs) developed in Reference 6.5 for the post-FHA 

releases through the RB vent and RBTB doors are compared in the following table:
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JAF CR Intake X/Qs 

Time (s/m3) 

Interval RB RBTB 
(hr) Vent Door 

Release Release 

0-2 3.52E-03 9.07E-04 
2-8 3.31E-03 8.27E-04 
8-24 1.43E-03 3.59E-04 

24-96 7.73E-04 2.33E-04 

96-720 6.07E-04 2.03E-04

The comparison of Z/Qs in the above table shows that the post-FHA release through the 

RB vent is the most limiting for the CR doses. The post-FHA release through the RBTB 

doors is thus enveloped by the RB vent release (i.e., a post-FHA activity release through 

the RB vent to the CR has less atmospheric dispersion and more severe CR dose 

consequences than a release through the RBTB doors to the CR). Therefore, the post

FHA doses are analyzed using the RB vent release.  

1.3.5 Technical Specification Requirements 

The following technical specification requirements are addressed in this FHA analysis: 

"* Section 3.9.6: Reactor Pressure Vessel (RPV) Water Level 

RPV water level shall be > 22 ft 2 inches above the top of the RPV flange (Ref.  

6.6.2) 

"* Section 3.7.7: Spent Fuel Storage Pool Water Level 

The spent fuel storage pool water level shall be > 21 ft 7 inches over the top of 

irradiated fuel assemblies seated in the spent fuel pool storage racks (Ref. 6.6.3).  

"* Section 1.1: Definitions - Rated Thermal Power (RTP) 

RTP shall be the total reactor core heat transfer rate to the reactor coolant of 2536 

MWth (Ref. 6.6.4).  

"* Section 4.2.1: Reactor Core Fuel Assemblies 

The reactor shall contain 560 fuel assemblies (Ref. 6.6.5)
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" Figure 4.1-1: Site and Exclusion Area Boundaries 

See the Technical Specifications (Ref. 6.6.6) for this figure.  

" Section 3.6.4.2 Secondary Containment Isolation Valves (SCIVs) 

Each SCIV shall be operable (Ref. 6.6.7) 

" Section 3.6.4.3 Standby Gas Treatment (SGT) System 

Two SGT subsystems shall be operable (Ref. 6.6.8).  

" Section 3.3.6.2.Secondary Containment Isolation Instrumentation 

Secondary containment isolation instrumentation for each function in Table 

3.3.6.2-1 shall be operable (Ref. 6.6.9).  

" Section 3.7.3 Control Room Emergency Ventilation Air Supply (CREVAS) 

System 

Two CREVAS subsystems shall be operable (Ref. 6.6.10).  

" Section 3.3.7.1 Control Room Emergency Ventilation Air Supply (CREVAS)

System Instrumentation 

The Control Room air inlet radiation-high channel shall be operable (Ref. 6.6.11)

I
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2.0 PURPOSE 

The purpose of this analysis is to determine the Exclusion Area Boundary (EAB), Low 

Population Zone (LPZ) and Control Room (CR) doses resulting from a Fuel Handling Accident 

(FHA) occurring in the reactor building (RB) without requiring SC operability. The FHA 

analysis is performed using selective application of the Alternative Source Term (AST), the 

guidance in Regulatory Guide 1.183, Appendix B, and TEDE dose criteria.  

This analysis provides a basis for removing JAF Technical Specifications 3.6.4.1 through 3.6.4.3 

(Refs. 6.6.1, 6.6.7, & 6.6.8), 3.3.6.2 (Ref. 6.6.9), 3.7.3 (Ref. 6.6.10) and 3.3.7.1 (Ref. 6.6.11) 

applicability when irradiated fuel is being handled in the secondary containment and during core 

alterations.  

The Technical Support Center (TSC) air intakes are located 65 feet farther west of the primary 

CR air intakes (Ref. 6.10.12). The resulting TSC intake X/Qs will be smaller than those for the 

CR air intakes. Therefore, the CR dose is bounding for the TSC dose.



CALCULATION CONTINUATION SHEET SHEET No. 13 of 78 

CALC. TITLE: Fuel Handling Accident - AST Analysis for Relaxation of 
Secondary Containment O erability 

::ier8y CALC. NO.: JAF-CALC-RAD-04410 REVISION NO. 0 

ORIGINATOR/DATE G. Patel REVIEWR/DATE M. Drucker 
I 05/23/02 05/24/02 

3.0 METHOD OF ANALYSIS 

The FHA is analyzed using RB-specific design inputs, which are compatible with the AST and 

TEDE dose criteria. Per NEI 99-03 (Ref. 6.11), all JAF plant-specific design inputs are validated 

to assure that they represent the as-built plant design conditions (Ref. 6.22). No specific ESF 

function is credited in the analysis except scrubbing of the halogen activity by the water column 

above the postulated damaged fuel assembly.  

3.1 Halogen Decontamination Factor 

A design-basis FHA postulates dropping a spent GE 8x8 fuel assembly over the reactor 

vessel, resulting in a total of 125 damaged fuel rods (Ref. 6.13). All activity released 

from the damaged rods passes through at least 23 feet of water before reaching the 

surface. Halogen activity scrubbing by the water column results in only 0.5% of the 

released halogens reaching the surface, which equates to a decontamination factor (DF) 

of 200 (Ref. 6.1, RGP B.2).  

This is not the case for a FHA occurring in the spent fuel pool (SFP). The SFP water 

level is normally maintained at about 21 feet 7 inches over the top of irradiated fuel 

assemblies seated in the spent fuel pool storage racks (Ref. 6.6.3). The effective halogen 

DF for 21 feet 7 inches of water is 172.75, as calculated in Reference 6.17. However, an 

assembly dropped in the SFP travels a distance of only two (2) feet before being stopped 

by the stored assemblies. The reduced energy of impact results in 81 fuel rods being 

damaged (Ref. 6.12, page 10). This reduced source term more than offsets the increased 

halogen release from the water surface due to a reduced DF (Ref. 6.12, page 11).  

Therefore, an effective DF of 200 is used in this analysis based on a water depth of 23 

feet (Ref. 6.1, RGP B.2).  

3.2 FHA Source Term 

The core inventory is obtained from Reference 6.3, which is calculated based on a 

thermal power level of 2,586.5 ; 2,587 MWth (Refs. 6.3, 6.4, & 6.6.4). A radial peaking
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factor of 1.6 (Ref. 6.23) is conservatively used instead of 1.5 as recommended in 

Reference 6.15 (RGP C.1.e). The core inventory obtained from Reference 6.3 is listed in 

Design Input 5.3.1.2, Table 1.  

The isotopic activities released from the damaged fuel rods are calculated in Table 8 

based on 125 failed fuel rods (Ref. 6.13, Section 6.3.2.2.3.1) and core thermal power 

level of 2,587 MWth to obtain the Ci/MWth. The RADTRAD V3.02 default nuclide 

inventory file (NIF) Bwrdef.NIF is modified based on the normalized Ci/MWuh. The 

plant-specific NIF (J 1.6FHA200_def) is further modified to include the isotopes Kr-83m, 

Br-83, Br-84, 1-130, Xe-131m, Xe-133m, Xe-135m and Xe-138.  

3.3 Dose Calculations 

The RADTRAD3.02 dose conversion factor (DCF) file (Fgri I&12) is modified to 

include the DCFs for the added isotopes. The modified DCF file (JAFHAFG1 l&12) is 

used in the FHA analysis. Since the DCFs for ground shine dose and dose rate are not 

used to evaluate the offsite and CR doses, they are set to zeros in the modified DCF file.  

The CR TEDE dose is calculated using the post-FHA airborne radioactivity released 

through the RB vent for 0-2 hrs. The CR is maintained in the normal mode of operation 

for the entire duration of the accident without taking credit for the Control Room 

Emergency Ventilation Air Supply System (CREVASS). The activity release rate from 

the damaged fuel pins is postulated to release almost all radioactive material to the 

environment over a 2-hour period (Ref. 6.1, Regulatory Position 5.3).  

The resulting doses at the EAB, LPZ and CR locations are compared in Section 8.1 with 

the regulatory allowable limits.  

3.4 Atmospheric Dispersion

Newly calculated CR X/Qs (Ref. 6.5) are used for the release through the RB vent.
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Turbine building (TB) z/Qs are used for calculating doses at the EAB and LPZ (Ref. 6.9, 

page 16). RB vent releases were not specifically calculated in Ref, 6.9 because design

basis accident releases are from either the stack (LOCA and FHA) or TB surfaces 

(CRDA and MSLBA). However, TB X/Qs would bound those of the RB Vent for offsite 

receptors, as described below.  

The shortest on-land site boundary distance for a TB release is 975 meters. This distance 

was used for all northern sectors leading to the shoreline (W to ESE), and is closer to the 

TB than the RB Vent (Ref. 6.9, page 50). In the southerly directions (SE to WSW), the 

distance from the TB to the site boundary varies from 1290 to 2240 meters. While these 

distances would be slightly lower for the RB Vent, the limiting TB to EAB distance 

would bound the PV XIQs.  

3.5 Computer Code Verification 

Post-LOCA containment leakage models for the CR, EAB and LPZ doses using the TID 

source terms are described in References 6.18 and 6.19, respectively. The same post

LOCA release model is recreated using the RADTRAD3.02 code to validate the code's 

ability to produce identical results for the same source terms, transport mechanisms, 

atmospheric dispersion, control room response and dose conversion factors. The results 

are compared in Section 8.2.
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4.0 ASSUMPTIONS 

The requirements in Regulatory Guide 1.183, Appendix B (Ref 6.1) are adopted line-by-line as 

assumptions in this section. They are incorporated as design inputs along with other plant

specific as-built design parameters in Section 5.2. The assumptions in this section typically have 

been acceptable to the Staff for evaluating the radiological consequences of a FHA.  

Source Term Assumptions 

4.1 Per Reference 6.1, Regulatory Position 3.2, 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 

of RG 1. 183. The release fractions from Table 3 are incorporated in Design Input 5.3.1.3 

(Table 2) in conjunction with the core fission product inventory in Design Input 5.3.1.2 

(Table 1) with the maximum core radial peaking factor of 1.60 (see Design Input 5.3.1.9).  

4.2 Per Reference 6.1, Appendix B, Regulatory Position B. 1.1, the number of fuel rods 

damaged during the accident should be based on a conservative analysis that considers 

the most limiting case. Per Reference 6.17, 125 fuel rods are assumed damaged in the 

DB-FHA, which considers a spent-fuel assembly dropped onto the core in the reactor 

vessel (see Design Input 5.3.1.5).  

4.3 Core Inventory 

Per Reference 6.1, Appendix B, Regulatory Position B. 1.2, the fission product release 

from the breached fuel is based on the fraction of fission product inventory in the gap 

(RGP 3.2) and the estimated number of fuel rods breached (See Table 8)_ 

The inventory of fission products in the reactor core that is available for gap release from 

damaged fuel is based on the maximum power level of 2,587 MWth, which corresponds 

to current fuel enrichment and burnup and is 1.02 times the current licensed rated thermal 

power of 2,536 MWth (Ref6.6.4). The gap activity in the damaged rods is assumed to be 

released instantaneously. The fraction of the fission product inventory comprising the 

gap activity is shown in Design Input 5.3.1.3 (Table 2). It is further assumed that
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irradiated fuel is not removed from the reactor until the unit has been sub-critical for at 

least 96 hours (Design Input 5.3.1.8).  

4.4 Timing of Release Phase 

Per Reference 6.1, Regulatory Position 3.3, for non-LOCA DBAs in which fuel damage 

is projected, the release from the fuel gap and the fuel pellet is assumed to occur 

instantaneously with the onset of the projected damage.  

4.5 Chemical Form 

Per Reference 6.1, Appendix B, Regulatory Position B. 1.3, the chemical form of 

radioiodine released from the fuel to the surrounding water is assumed to be 95 percent 

cesium iodide (CsI), 4.85 percent elemental iodine, and 0.15 percent organic iodide. The 

CsI released from the fuel is assumed to completely dissociate in the pool water. Because 

of the low pH of the pool water, the iodine re-evolves as elemental iodine. This is 

assumed to occur instantaneously.  

4.6 Water Depth 

The depth of water above the postulated damaged fuel is 23 feet or greater, thus the 

decontamination factors for the elemental and organic species are 500 and 1, respectively, 

giving an overall effective decontamination factor of 200 (i.e., 99.5% of the total iodine 

released from the damaged rods is retained by the water). This difference in 

decontamination factors for elemental (99.85%) and organic iodine (0.15%) species 

results in the iodine above the water being composed of 57% elemental and 43% organic 

species (Ref. 6.1, RGP B.2).  

A FHA occurring in the SFP was considered because the depth of water above a 

postulated damaged fuel assembly is less than 23 feet. However, analysis shows that the 

smaller number of failed fuel rods postulated to fail in a SFP-FHA (81 instead of 125) 

conservatively compensates for the lesser water depth (23'-0" - 21 '-7" = 1 '-3).  

Therefore, a resulting overall effective DF of 200 is assumed per Reference 6.1, RGP 

B.2.
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4.7 Noble Gases and Particulates 

The retention of noble gases in the water in the fuel pool or reactor cavity is negligible 

(i.e., decontamination factor of 1). Particulate radionuclides are assumed to be retained 

by the water in the fuel pool or reactor cavity (i.e., infinite decontamination factor) (Ref.  

6.1, RGP B.3).  

Fuel Handling Accident within Secondary Containment 

For fuel handling accidents postulated to occur within secondary containment, the following 

assumptions typically have been acceptable to the NRC staff (Ref. 6.1, RGP B.5).  

4.8 If secondary containment is open during fuel handling operations, the radioactive 

material that escapes from the damaged fuel to the containment is released to the 

environment over a 2-hour period.  

Offsite Dose Consequences 

The following guidance is used in determining the TEDE for a maximum exposed individual at 

the EAB and LPZ locations: 

4.9 The maximum EAB TEDE is determined for any two-hour period following the start of 

the radioactivity release and is used in determining compliance with the dose acceptance 

criteria in RG 1.183 (Ref. 6.1, RGP 4.4, Table 6).  

EAB Dose Acceptance Criterion: 6.3 rem TEDE 

4.10 The breathing rates for persons at offsite locations are given in Reference 6.1, RGP 4.1.3 

and are incorporated in Design Input 5.5.4.  

4.11 TEDE is determined for the most limiting receptor at the outer boundary of the low 

population zone (LPZ) and is used in determining compliance with the dose criteria in 

Reference 6.1, RGP 4.4 Table 6.  

LPZ Dose Acceptance Criterion: 6.3 rem TEDE
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4.12 No credit is taken for depletion of the effluent plume by deposition on the ground (Ref 

6.1, RGP 4.1.7).  

Control Room Dose Consequences 

The following guidance is used in determining the TEDE for the maximum exposed individuals 

located in the control room: 

4.13 The CR TEDE analysis considers the following sources of radiation that will cause 

exposure to control room personnel from a FHA (Ref 6.1, RGP 4.2.1): 

0 Contamination of the control room atmosphere through the air intake or 

infiltration of the radioactive material contained in the post-accident radioactive 

plume released from the facility (via normal CR unfiltered air intake), 

* Contamination of the control room atmosphere through the air intake or 

infiltration of airborne radioactive material from areas and structures adjacent to 

the control room envelope (via normal CR unfiltered inleakage), 

0 Radiation shine from the external radioactive plume released from the facility 

(external airborne cloud), 

* Radiation shine from radioactive material in secondary containment (containment 

shine dose), 

0 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 (CR filter shine dose).  

Note: The containment shine dose due to a FHA is insignificant compared to that due to 

a LOCA (Section 7.4). Similarly, the external airborne cloud dose due to a FHA 

is insignificant (Section 7.4). There will be no CR filter shine dose because the 

CREVAS system is not credited in the analysis. If the CREVASS were activated, 

CR filter shine (iodines on filter behind concrete block shielding) would be less 

than CR immersion shine (iodines in CR air, no shielding), which is insignificant 

(Appendix C).
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4.14 The radioactivity releases and radiation levels used in the control room dose analysis are 

determined using the same source term, transport and release assumptions used for 

determining the exclusion area boundary (EAB) and low population zone (LPZ) TEDE 

values (Ref 6.1, RGP 4.2.2).  

4.15 The occupancy and breathing rates of the maximum exposed individuals present in the 

control room are incorporated in design inputs 5.4.3 & 5.4.4 (Ref. 6.1. RGP 4.2.6).  

4.16 10 CFR 50.67 (Ref 6.20) establishes the radiological acceptance criterion for the control 

room.  

CR Dose Acceptance Criterion: 5 rem TEDE (50.67(b)(2)(iii)) 

4.17 Credit for engineered safety features that mitigate airborne activity within the control 

room is not taken for the CREVAS system because the CR is maintained in a normal 

mode of operation.

4.18 No credit is taken for KI pills or respirators (Ref. 6.1, RGP 4.2.5).
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5.0 INPUT AND DESIGN CRITERIA 

5.1 General Considerations 

5.1.1 Applicability of Prior Licensing Basis 

The implementation of an AST is a significant change to the design basis of the facility as 

well as assumptions and design inputs used in the analyses. The characteristics of the 

AST and the revised TEDE dose calculation methodology may be incompatible with 

many of the assumptions and methods used in the facility's current design basis analyses.  

The JAF plant-specific design inputs and assumptions used in the current FHA analyses 

were assessed for their validity to represent the as-built condition of the plant (Ref. 6.22) 

and evaluated for their compatibility to meet the AST and TEDE criteria. The analysis in 

this calculation ensures that assumptions, design inputs and methods are compatible with 

the AST and comply with RG 1.183, Appendix B requirements.  

5.1.2 Credit for Engineered Safeguard Features 

Credit should be taken only for accident mitigation features that are classified as safety

related, are required to be operable by technical specifications, are powered by 

emergency power sources, and are either automatically actuated or, in limited cases, have 

manual actuation requirements explicitly addressed in emergency operating procedures.  

No ESF functions are credited in the FHA analysis to mitigate the radiological 

consequences.  

5.1.3 Assignment of Numeric Input Values 

The numeric values that are chosen as inputs to the analyses required by 10 CFR 50.67 

(Ref. 6.20) are compatible with AST and TEDE dose criteria and selected with the 

objective of producing conservative radiological consequences. As a conservative 

alternative, the limiting value applicable to each portion of the analysis is used in the
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evaluation of that portion. The inherent conservatisms in the radiological consequence 

analyses are demonstrated by use of the following: 

"* The normal CR mode of operation without taking credit for the CREVASS 

"* A higher radial peaking factor of 1.6 (instead of 1.5) (Table 8) 

"• The ground level x/Qs for the RB vent release 

"* The release from the RB vent over 2 hours is not intervened 

The key design input parameter values used in the analysis are those specified in the 

technical specifications (Ref. 6.6).  

5.1.4 Meteorology Considerations 

The control room atmospheric dispersion factors (z!Qs) for the RB vent release are 

developed (Ref. 6.5) using the NRC-sponsored computer code ARCON96 and guidance 

provided in Draft Regulatory Guide DG-1 I11. The EAB and LPZ X/Qs were selected for 

the ground level release from the turbine building (MSIV leakage path) from Reference 

6.9, which uses the JAF plant specific 8-year meteorological data and appropriate 

regulatory guidance. The ground-level off-site X/Qs in Reference 6.9 have been used in 

previous licensing proceedings.  

5.2 Accident-Specific Design Inputs 

The design inputs utilized in the EAB, LPZ and CR dose analyses are listed in the 

following sections, which incorporate the line-by-line regulatory requirements applicable 

to a FHA occurring in the reactor building (see Section 4.0). The design inputs are 

compatible with the AST and TEDE dose criteria. The design inputs and assumptions in 

the following sections represent the as-built design of the plant.
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Figure 1: RADTRAD Nodalization for FHA Occurring in RB with RB Vent Release
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5.3 FHA Occurring in Reactor Building - Design Input Parameters 

5.3.1 Source Term 

Design Input Parameter Value Assi2ned Reference 

5.3.1.1 Core Power Level 2,587 
M.W) (2,536 x 1.2 = 2,586.5 z 2,587) 6.6.4 & 6.4 

5.3.1.2 Isotopic Core Inventory @ 2,586.5 MW ( Table 1 below 6.3, Table 6 

Table 1: Core Inventory (Ci) at Shutdown 

Isotope j Activity Isotope Activity Isotope Activity 

Kr-83 m 8.114E+06 1-130 2.705E+06 Xe-133 1.430E+08 
Kr-85 7.798E+06 1-131 6.805E+07 Xe-133m 5.962E+06 
Kr-85m 1.742E+07 1-132 9.945E+07 Xe-135 1.847E+07 
Kr-87 3.342E+07 1-133 1.423E+08 Xe-135m 2.695E+07 
Kr-88 4.733E+07 1-134 1.566E+08 Xe-138 1.192E+08 
Br-83 8.078E+06 1-135 1.344E+08 
Br-84 1.432E+07 Xe-131m 4.092E+05 

5.3.1.3 Radionuclide Release Fractions (Table 2 below) 

Table 2: Fraction of Fission Product Inventory in Gap 

Group Fraction Reference 

1-131 0.08 

Kr-85 0.10 
Other Noble Gases 1 0.05 6.1 RGP 2, Table 3 

Other Halogens 0.05 

Alkali Metals 0.12
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Design Input Parameter T Value Assigned Reference 

5.3.1.4 Radionuclide Composition (Table 3 below) 

Table 3: Radionuclide Groups and Compositions 

Grout) Elements Reference 

Noble Gases Xe, Kr 

Halogens I, Br 6.1, RGP 3.4, Table 5 
Alkali Metals Cs, Rb 

5.3.1.5 Damaged Fuel Rods 125ý' 6.13, Sec. 6.3.2.2.3.1, 
& 6.12 

5.3.1.6 Total Number of Fuel 560 6.6.5 & 6.14, Table 3-1 
Assemblies in Core 

5.3.1.7 Total Number of Fuel 60(2) 6.14, Sec. 2.1 
Rods in Fuel Assembly 

5.3.1.8 Irradiated Fuel Decay 96 Assumed 

Time (hrs) 9 

5.3.1.9 Radial Peaking Factor 1.5 6.15, RGP 6.1. e 

1.60 6.23 
(conservatively used in this 

analysis) 

5.3.2 Activity Transport in Reactor Building 

5.3.2.1 Pool Water Depth (ft) 23 6.12 

5.3.2.2 Reactor Building 2.60E+06 Assumed(3/ 

Volume (ft3) 

5.3.2.3 Decontamination Factors (DFs) for lodines in Pool Water 

Elemental DF 500 6. 1, RGP B.2 

Organic DF 1



CALCULATION CONTINUATION SHEET SHEET No. 26 of 78 

CALC. TITLE: Fuel Handling Accident- AST Analysis for Relaxation of 
Secondary Containment Operability 

F'[ II(/o.q CALC. NO.: JAF-CALC-RAD-04410 REVISION NO. 0 

ORIGINATOR/DATE G. Patel REVIEWR/DATE M. Drucker 
05/23/02 05/24/02 

Design Input Parameter Value Assigned Reference 

5.3.2.4 Overall Effective DFs for lodines in Pool Water 

Total Iodine DF 200 6. 1, RGP B.2 

5.3.2.5 Chemical Form of Iodine Released from Pool Water 

Elemental % 57.0 

Organic % 43.0 6.1,App.B.2 

5.3.2.6 DF of Noble Gas 1 6.1, Appendix B.3 

5.3.27 Duration of Release (hrs) 2 6. 1, Appendix B.5.3 

5.3.2.8 Fuel Peak Burnup < 62,000 6.3 & 6.1, Table 3, 
(MWD/MTU) Note # 11 

5.3.2.9 Maximum Linear Heat < 6.3 6.1, Table 3, 
Generation Rate for Peak Note # 11 
Rod (kw/ft) 

5.3.2.10 RB Vent Exhaust Rate 99,800 See Section 7.3 
(cfcm_)



5.4 Control Room Model Parameters

Figure 2 - JAF Control Room RADTRAD Nodalization

Design Input Parameter Value Assigned Reference 

5.4.1 CR Volume (ft' 3 ) 101,000 Assumed"3 '

5 4.2 CR Normal Flow Rate (cfm) 2,112 
(1.1 x 1,920)

5.4.3 CR Breathing Rate (m3 /sec) 3.5E-04 6 1, RGP 4.26
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6.10.4

1 5.4.3 CR Breathing Rate (m3/sec) 6. 1, RGP 4.2,63.5E-04
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5.4.4 CR Occupancy Factors (Table-4 below) 

Table 4: Control Room Occupancy Factors 

Time (hrs) Occupancy Factor (%) Reference 

0-24 100 
24-96 60 

96-720 40 6.1, RGP 4.2.6 

5.4.5 CR Atmospheric Dispersion Factors (x/Qs) for RB Vent Release (Table 5 below) 

Table 5: Control Room x /Os for RB Vent Release 

Time (hrs) W/O (sec/m 3) I Reference 

0-2 3.52E-03 
2- 8 13.31E-03 2-8 .3 I -036.5, Sec. 8.1 
8 - 24 1.43E-03 

24-96 7.73E-04 
96-720 6.07E-04 

5.5 Site Boundary Release Model Parameters 

Design Input Parameter Value Assigned Reference 

5.5.1 EAB X/1 (sec/m 3) I 1.79E-04 6.9, Page 16 

5.5.2 LPZ Atmospheric Dispersion Factors (X/Os) (Table 6 below) 

Table 6: LPZ ,/Os 

Time (hrs) X,/) (sec/m3) Reference 

0-8 2.00E-05 

8-24 1.34E-05 
24-96 5.59E-06 6.9, Page 16 

96-720 1.60E-06
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Design Input Parameter Value Assigned Reference 

5.5.3 EAB Breathing Rate 3.5E-04 6.1, RGP 4.2.6 
(m3/sec) 

5.5.4 LPZ Breathing Rate (Table 7 below) 

Table 7: LPZ Breathing Rate (BR) 

Time (hrs) BR (m3/sec) Reference 

0-8 3.5E-04 

8-24 1.8E-04 6.1, RGP 4..3 
24-720 2.3E-04

(1) Note: The accident involves a fuel assembly dropping from the maximum height 
allowed by the fuel handling equipment, resulting in the release of 0.37 percent of the 
core inventory. The fractional inventory released is based on rupturing 125 fuel rods in a 
standard GE 8x8 fuel assembly, based on information in Ref 6.13, Sec. 6.3.2.2.3. 1. The 
total number of fuel rods in a GE-8 core is equal to 33,600 (60 pins per assembly x 560 
assemblies = 33,600 fuel pins). The fractional core inventory release is based on the ratio 
of the number of failed fuel pins to the total number of pins (125/33600 = 0.0037). It is 
noted that although the actual number of failed fuel rods would increase for GE- Il and 
other fuel types, the total number of fuel rods in the core also correspondingly increase.  
The fractional core inventory that is released however is bounded by the GE-8 analysis.  
Furthermore, the JAF core contains fuel of different fuel types (GE- 11, GE-12, etc.) and 
the total numbers of fuel rods vary with core load. Use of the fractional core inventory 
release based on the GE-8 fuel type bounds the other fuel types.  

(2) Note: Fuel bundles contain 60 fuel rods for 8x8 designs. The total number of fuel rods 
varies with each core load.  

(3) Note: The RB and CR volumes are UFSAR values. The exact values of these 
parameters are not critical to the analysis. For example, the calculation models all of the 
RB airborne activity being released within the first two hours of the FHA event. Based 
on this criterion, an RB air exhaust rate is calculated. If a different RB volume is 
modeled, then the RB air exhaust rate will correspondingly change to maintain the two
hour criterion, and the dose results will remain the same.
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Table 8 
Post-FHA Undecayed Activity Released In Reactor Building Used In RADTRAD NIF 

Core Radial Total Number Activity Post-FHA Activity 

Isotope Initial Peaking Number of Fuel In Damaged For RADTRAD Code 

Inventory Factor of Fuel Rod Fuel DF Nuclide Inventory File 

(Ci) Rod Damaged Rods RADTRAD 
In Core (Ci) (Ci) (Ci/MWt) 

At1 ) B C D E=A*B*D/C F G=E/F H=G/2587 

KR-83M 8.114E+06 1.60 33600 125 4.830E+04 1.0 4.830E-04 .1867E--02 

KR-85(21 1.600E+06 1.60 33600 125 9.524E+03 1.0 9.524E-03 .3681E-,-0I 

KR-85M 1.742E+07 1.60 33600 125 1.037E+05 1.0 1.037E-05 .4008E-02 
KR-87 3.342E+07 1.60 33600 125 1.989E+05 1.0 1.989E-05 .7690E-02 

KR-88 4.733E+-07 1.60 33600 125 2.817E+05 1.0 2.817E+05 .1089E-03 

KR-89 5.887E+07 1.60 33600 125 3.504E+05 1.0 3.504E+-05 .1355E-03 

BR-83 8.078E+06 1.60 33600 125 4.808E+04 200.0 2.404E+02 .9293E-01 
BR-84 1.432E+07 1.60 33600 125 8.524E+04 200.0 4.262E+02 .1647E-00 

1-130 2.705E+06 1.60 33600 125 1.610E+04 200.0 8.051E-+0I .3112E-01 

1-i1313' 1.089E+08 1.60 33600 125 6.482E+05 200.0 3.241E+03 .1253E-,-01 

1-132 9.945E+07 1.60 33600 125 5.920E+05 200.0 2.960E+03 .1144E--01 

1-133 1.423E4-08 1.60 33600 125 8.470E+05 200.0 4.235E+03 .1637E+01 

1-134 1.566E+08 1.60 33600 125 9.321E+05 200.0 4.661EE+03 .1802E+01 

1-135 1.344E+08 1.60 33600 125 8.OOOE+05 200.0 4.000E+03 .1546E+01 

XE-131M 4.092E+05 1.60 33600 125 2.436E+03 1.0 2.436E-03 .9415E+00 

XE-133 1.430E+08 1.60 33600 125 8.512E+05 1.0 8.512E-05 .3290E+03 
XE-133M 5.962E+06 1.60 33600 125 3.549E+04 1.0 3.549E+04 .1372E+02 

XE-135 1.847E+07 1.60 33600 125 1.099E+05 1.0 1.099E-05 .4250E+02 

XE-135M 2.695E+07 1.60 33600 125 1.604E+05 1.0 1.604E-05 .6201E+02 

XE-138 1.192E+08 1.60 33600 125 7.095E+05 1.0 7.095E-05 .2743E-03 

(1) A from Reference 6.3 except noted as follows 

(2) KR-85 activity is multiplied by a factor 2 (0.1/0.05) to account for additional fractional release.  

(3) 1-13 1 activity is multiplied by a factor 1.6 (0.08/0.05) to account for additional fractional release.
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Core Core 

Isotope Inventory Activity 
RADTRAD 

(Ci) (CiIMW~h) Format 

(CiIMWth) 

A B=A/2586.5 C=B* 1 

KR-83M 8.114E+06 3.137E+03 .3137E+04 

KR-85M 1.742E+07 6.735E-03 .6735E+04 

KR-87 3.342E-07 1.292E+04 .1292E+05 
KR-88 4.733E+07 1.830E+04 .1830E+05 

1-131 6.805E+07 2.631E+04 .2631E-05 

1-132 9.945E+07 3.845E+04 .3845E+05 
1-133 1.423E+08 5.502E+04 .5502E+05 

1-134 1.566E÷08 6.055EE+04 .6055E+05 

1-135 1.344E-08 5.196E+04 .5196E+05 

XE-1 31M 4.092E+05 1.582E+02 .1582E+03 
XE-133 1.430E+08 5.529E+04 .5529E+05 

XE-133M 5.962E+06 2.305E+03 .2305E+04 
XE-135 1.847EE+07 7.141E+03 .7141E+04 
XE-135M 2.695E+07 1.042E+04 .1042E+05
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Figure 3: RADTRAD Nodalization of Post-LOCA Containment Leakage - TID

Drywell 

V = 2.640+05 ft3
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7.0 CALCULATIONS/ANALYSIS 

7.1 Fuel Handling Accident in the Reactor Building with RB Vent Release 

Activity released from the spent fuel pool is uniformly distributed in the entire volume of 

reactor building and released to the environment over a two-hour period such that 99% of 

the activity released from the damaged spent fuel assembly is released to the environment 

through the RB vent.  

In this analysis, the activity is assumed to mix with the entire reactor building volume to 

calculate a hypothetical maximum release rate to remove almost the entire activity (99%) 

from the reactor building volume (see Section 7.3).  

7.2 JAFNPP Plant Specific Nuclide Inventory File (NIF) for RADTRAD3.02 Input 

The parameter Ci/MWth in the RADTRAD3.02 default nuclide inventory file 

(Bwr-defNIF) is dependent on the plant-specific core thermal power level, reload 

design, fuel bumup and fuel cycle. Therefore, the NIF is modified based on the plant

specific isotopic Ci/MWh information developed in Table 8. The RADTRAD nuclide 

inventory file (J1.6FHA200_def) is shown in Attachment A and used in the analysis.  

7.3 Post-FHA Release Rate 

The total release rate from the reactor building to the environment is calculated such that 

99% of the activity released into the reactor building is released to the environment in 

two hours. The equation used is: 

A = Ao, e"t 

Where; 

A0 = Initial activity in source node 

A = Final activity in source node 

X = Removal rate (vol/hr) 

t = Removal time (hr) = 2.0 hr 

Assuming that 99% of the activity is released into the environment, then
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A / A0 = 1 - 0.99 = 0.01 

Therefore, 

A/A 0 =0.01 =e-t 

Solving for 2., 

In (0.01) = - 2 X In (e) 

-4.605 =-2 X 

X = - 4.605 / - 2 = 2.303 volume/hr 

The reactor building release rate thus becomes, 

= 2.303 x 2,600,000 ft 3/hr = 5,987,8000 ft3/hr x 1/60 hr/min 

=- [ 99,800 ft /mi 

7.4 Reactor Building Shine Dose and External Airborne Cloud Shine Dose to the 

Control Room 

Post-LOCA 30-day cumulative shine dose from airborne radioactivity accumulated in the 

RB refueling level: 

= 1.42E-02 rem (Ref. 6.18, Table 2.3).  

Post-LOCA 30-day cumulative shine dose from external airborne cloud radioactivity: 

= 1.34E-04 rem (Ref. 6.18, Table 2.3) 

Ratio of rods damaged in a FHA to rods damaged in a LOCA: 

= 125 / 33600 = 0.00372 = 0.372 % 

Post-FHA 30-day cumulative shine dose from airborne radioactivity accumulated in the 

RB refueling level: 

- 1.42E-02 rem x 0.00372 

I 5.28E- 05 rem 

Post-FHA 30-day cumulative shine dose from external airborne cloud radioactivity: 

S1.'34E-04 rem x 0.00372 

I 4.99E- 07 rem
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8.0 RESULTS SUMMARY 

8.1 FHA Analysis for Relaxation of SC Operability 

The results of the FHA analysis, which establish the licensing basis for relaxing 

secondary containment operability, are summarized in the following table: 

Fuel Handling Accident Occurring in Reactor Building 
TEDE Dose (rem) 

Release Receptor Location 
Location 

Control Room EAB LPZ 

RB Vent 4.67E+00 2.65E-01 2.96E-02 
(0.0 hr)* 

Allowable TEDE 5.OOE+00 6.30E+00 6.30E+00 
Limit 

RADTRAD Computer Run No.  

RB Vent J16FHA96VTOO J16FHA96VTOO J16FHA96VTOO 

* Worst two-hour dose begins at time = 0.0 hr (i.e., 96 hours after reactor shutdown) 

Significant assumptions used in this analysis: 

* RB Vent remains open for the duration of the accident 

* Post-FHA activity is released to the environment during 2 hours 

* CR envelope is not pressurized. It remains in the normal mode of operation - the 

CREVASS is not credited during and after a FHA 

* The reactor is assumed shutdown for 96 hours before SC operability is relaxed 

* 125 fuel rods are damaged 

* Spent fuel pool overall effective DF = 200 

* Core thermal power = 2,587 MWdh 

* Radial Peaking Factor = 1.60
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8.2 Comparison of Results - RADTRAD3.02 vs. Current Analysis - Containment 

Leakage TID Source Term 

The current post-LOCA containment leakage model is reanalyzed using the 

RADTRAD3.02 computer code, which is installed on the Microsoft Windows 

environment. The current CR, EAB and LPZ doses are compared in the following table 

with those calculated with RADTRAD3.02 to demonstrate the code's ability to produce 

almost identical results within a small percentage of variation.  

Receptor Location 

Exclusion Low 
Analysis Control Area Population 

Information Room Boundary Area 

Thyroid Dose (rem) 
Current Analysis 7.339E+00 5.820E+0I 6.320E+01 

Thyroid Dose (rem) 
RADTRAD Analysis 7.505E+00 5.894E+01 6.410E+01 

Percentage Variation 
(RADTRAD / Current) 2.26 1.27 1.41 

RADTRAD Run No. FPTIDCLOO FPTIDCLOO FPTIDCLOO 

Current Analysis 
Reference 6.18, Page 18 6.19, Page 20 6.19, Page 21
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9.0 CONCLUSIONS: 

9.1 FHA Analysis for Relaxation of SC Operability 

The results of analysis in Section 8.1 indicate that the EAB, LPZ and CR doses are within 

their allowable limits for a FHA occurring in the reactor building with a release through 

RB vent. The results demonstrate that the applicability of JAF Technical Specification 

3.6.4.1. 3.6.4.2, 3.6.4.3. 3.3.6.2, 3.3.7.1 and 3.7.3 can be relaxed when irradiated fuel is 

being handled in the SC or the core is being altered.  

Regulatory Exceptions 

None 

9.2 RADTRAD3.02 vs. Current Analysis - Containment Leakage TID Source Term 

The current EAB, LPZ and CR doses due to post-LOCA containment leakage are 

compared in Section 8.2 with the corresponding doses calculated using the 

RADTRAD3.02 code. Results demonstrate that the RADTRAD3.02 code produces 

almost identical results with only minor variations. Therefore, the RADTRAD3.02 code 

is acceptable for radiological analyses and produces accurate and consistent results.
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10.0 ATTACHMENTS 

CD with the following electronic files: 

JAF Calculation: JAF-CALC-RAD-04410, Rev 0 

ATTACHMENT A - RADTRAD Nuclide Inventory File - J1.6FHA200_def 
ATTACHMENT B - RADTRAD Dose Conversion Factor (DCF) File - JAFHAFG 11&12 
ATTACHMENT C - RADTRAD FHA Input/Output File - J16FHA96VTO0.O0 
ATTACHMENT D - RADTRAD Nuclide Inventory File - JAFTIDLOCAdef 
ATTACHMENT E - RADTRAD TID LOCA Input/Output File - FPTIDCLOO.O0 

Design Verification Comments 

Release RADTRAD3.02 Files 

Category Name Size Date Time 

NIF AST Analyses JI.6FHA200 def 9 KB 05/12/02 13:15:00 

DCF File JAFHA FG1l&12 49 KB 04/02/02 12:38:00 

KB Vent Release J16FHA96VT00.O0 38 KB 05/17/02 11:24:37 

NIF TID Analysis JAFTIDLOCA def 3 KB 02/03/02 01:49:00 

Cont. Leakage - TID FPTIDCLOO.O0 49 KB 04/01/02 11:28:00
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ATTACHMENT A 
RADTRAD Nuclide Inventory File - J1.6FHA200_def 

Name: J.A. Fitz Patrick FHA Core Inventory - DF = 200, PF = 1.6 

Sample 3578 MWth BWR Core Inventory

Power Level: 
0.1000E+01 

Nuclides: 
60 

Nuclide 001: 
Co-58 

7 
0.6117120000E+07 
0.5800E+02 
0.OOOOE+00 

none 0.0000E+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 002: 
Co-60 

7 
0.1663401096E+09 
0.6000E+02 
0.0000E+00 

none O.OOOOE+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 003: 
Kr-83m 

1 

0.6588000000E+04 
0.8300E+02 
0.1867E+02 

none 0.OOOOE+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 004:

Kr-85 
1 

0.3382974720E+09 
0.8500E+02 
0.3681E+01 

none 0.OOOOE+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 005: 
Kr-85m 

1 
0.1612800000E+05 
0.8500E+02 
0.4008E+02 

Kr-85 0.2100E+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 006: 
Kr-87 

1 
0.4578000000E404 
0.8700E+02 
0.7690E+02 

Rb-87 0.1000E+01 
none 0.OOOOE+00 
none 0.O000E+00 
Nuclide 007: 
Kr-88 

1 
0.1022400000E+05 
0.8800E+02 
0.1089E+03 

Rb-88 0.1000E+01 
none 0.0000E+00

none 
Nuclide 
Rb-86

0.OOOOE+00 
008:

0.1612224000E+07 
0.8600E+02 
0.000OE+00 

none 0.00OOE+00 
none 0.OOOOE+00 
none 0.O000E+00 
Nuclide 009: 
Sr-89 

5 
0.4363200000E+07 
0.8900E+02 
0.OOOOE+00 

none 0.OOOOE+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 010: 
Sr-90 

5 
0.9189573120E+09 
0.9000E+02 
0.OOOOE+00 

Y-90 0.1000E+01 
none 0.00OOE400 
none 0.OOOOE+00 
Nuclide 011: 
Sr-91 

5 
0.3420000000E+05 
0.9100E+02 
0.OOOOE+00

Y-91m 0.5800E+00 
Y-91 0.4200E+00 
none 0.OOOOE+00 
Nuclide 012: 
Sr-92 

5 
0.9756000000E+04 
0.9200E+02 
0.OOOOE+00 

Y-92 0.1000E+01 
none 0.0000E+00 
none 0.OOOOE+00 
Nuclide 013: 
Y-90 

9 
0.2304000000E+06 
0.9000E+02 
0.OOOOE+00 

none 0.OOOOE+00 
none 0.OOOOE+00 
none 0.0000E+00 
Nuclide 014: 
Y-91 

9 
0.5055264000E+07 
0.9100E+02 
0.0000E+00 

none 0.OOOOE+00 
none 0.0000E+00 
none 0.0000E+00 
Nuclide 015: 
Y-92 

9 
0.1274400000E+05

0.9200E+02 
0.0000E+00 

none 0.0000E+00 
none 0.0000E+00 
none 0.O000E+00 
Nuclide 016: 
Y-93 

9 
0.3636000000E+05 
0.9300E+02 
0.OOOOE+00 

Zr-93 0.1000E+01 

none 0.OOOOE+00 
none 0.OOOOE+00 

Nuclide 017: 
Zr-95 

9 
0.5527872000E+07 
0.9500E+02 
0.OOOOE+00 

Nb-95m 0.7000E-02 
Nb-95 0.9900E+00 
none 0.OOOOE+00 
Nuclide 018: 
Zr-97 

9 
0. 6084000000E#(5 
0.9700E+02 
0.OOOOE+00 

Nb-97m 0.9500E+00 
Nb-97 0.5300E-01 
none 0.OOOOE+00 
Nuclide 019: 
Nb-95
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0.3036960000E+07 
0.9500E+02 
0.0000E+00 

none 0.0000E+00 
none 0.0000E+00 
none 0.0000E+00 
Nuclide 020: 
Mo-99 

7 
0.2376000000E+06 
0.9900E+02 
0.0000E+00 

Tc-99m 0.8800E+00 
Tc-99 0.1200E+00 
none 0.0000E+00 
Nuclide 021: 
Tc-99m 

7 
0.2167200000E+05 
0.9900E+02 
0.0000E+00 

Tc-99 0.1000E+01 
none 0.0000E+00 
none 0.0000E+00 
Nuclide 022: 
Ru-103 

7 
0.3393792000E+07 
0.1030E+03 
0.0000E+00 

Rh-103m 0.1000E+01 
none 0.0000E+00 
none 0.OOOOE+00 
Nuclide 023: 
Ru-105 

7 
0.1598400000E+05 
0.1050E+03 
0.0000E+00 

Rh-105 0.1000E+01 
none 0.0000E+00 
none 0.0000E+00 
Nuclide 024:

Ru-106 
7 

0.3181248000E+08 
0.1060E+03 
0.0000E+00 

Rh-106 0.1000E+01 
none 0.0000E+00 
none 0.OOOOE+00 
Nuclide 025: 
Rh-105 

7 
0.1272960000E+06 
0.1050E+03 
0.0000E+00 

none 0.OOOOE+00 
none 0.0000E+00 
none 0.0000E+00 
Nuclide 026: 
Sb-127 

4 
0.3326400000E+06 
0.1270E+03 
0.0000E+00 

Te-127m 0.1800E+00 
Te-127 0.8200E+00 
none 0.0000E+00 
Nuclide 027: 
Sb-129 

4 
0.1555200000E+05 
0.1290E+03 
0.0000E+00 

Te-129m 0.2200E+00 
Te-129 0.7700E+00 
none 0.OOOOE+00 
Nuclide 028: 
Te-127 

4 
0.3366000000E+05 
0.1270E+03 
0.OOOOE+00 

none 0.0000E+00 
none 0.OOOOE+00 
none 0.0000E+00

Nuclide 029: 
Te-127m 

4 
0.9417600000E+07 
0.1270E+03 
0.OOOOE+00 

Te-127 0.9800E+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 030: 
Te-129 

4 
0.4176000000E+04 
0.1290E+03 
0.0000E+00 

1-129 0.1000E+01 
none 0.0000E+00 
none 0.OOOOE+00 
Nuclide 031: 
Br-83 

2 
0.8604040000E+04 
0.830E+02 
0.9293E-01 

Kr-83m 1.0000E+00 
none 0.OOOOE+00 
none 0.0000E+00 
Nuclide 032: 
Br-84 

2 
0.1908000000E+04 
0.8400E+02 
0.1647E+00 

none 0.OOOOE+00 
none 0.0000E+00 
none 0.0000E+00 
Nuclide 033: 
1-130 

2 
0.4449600000E+05 
0.1300E+03 
0.3112E-01 

none 0.0000E+00 
none 0.0000E+00

none 0.0000E+00 
Nuclide 034: 1 

1-131 
2 

0.6946560000E+06 
0.1310E+03 
0.1253E+01 

Xe-131m 0.1100E-01 
none 0.0000E+00 
none 0.0000E+00 
Nuclide 035: 
1-132 

2 
0.8280000000E+04 
0.1320E+03 
0.1144E+01 

none 0.0000E+00 
none 0.OOOOE+00 
none 0.0000E+00 
Nuclide 036: 
1-133 

2 
0.7488000000E+05 
0.1330E+03 
0.1637E+01 

Xe-133m 0.2900E-01 
Xe-133 0.9700E+00 
none 0.0000E+00 
Nuclide 037: 
1-134 

2 
0.3156000000E+04 
0.1340E+03 
0.1802E+01 

none 0.0000E+00 
none 0.OOOOE+00 
none 0.OOOOE+00 

Nuclide 038: 
1-135 

2 
0.2379600000E+05 
0.1350E+03 
0.1546E+01 

Xe-135m 0.1500E+00

Xe-135 
none 
Nuclide 
Xe-131m

0.8500E+00 
0.0000E+00 

039:

1 
0.1028160000E+07 
0.1310E+03 
0.9415E+00 

none 0.0000E+00 
none 0.OOOOE+00 
none 0.0000E+00 
Nuclide 040: 
Xe-133 

1 
0.4531680000E+06 
0.1330E+03 
0.3290E+03 

none 0.00001+00 
none 0.OOOOE+00 
none 0.0000E+00 
Nuclide 041: 
Xe-133m 

1 
0.1890432000E+06 
0.1330E+03 
0.1372E+02 

Xe-133 0.1000E+01 
none 0.0000E+00 

none 0.0000E+00 
Nuclide 042: 
Xe-135 

1 
0.3272400000E+05 
0.1350E+03 
0.4250E+02 

Cs-135 0.1000E+01 
none 0.0000E+00 
none 0.0000E+00 
Nuclide 043: 
Xe-135m 

1 
0.9174000000E+03 
0.1350E+03 
0.6201E+02

I - - ---- . -- I 'A -0 1
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Xe-135 
none 
none 
Nuclide 
Xe-138

0.1000E+01 
0.OOOOE+00 
0.0000E+00 

044:

0.8502000000E+03 
0.1380E+03 
0.2743E+03 

Cs-138 0.1000E+01 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 045: 
Cs-134 

3 
0.6507177120E+08 
0.1340E+03 
0.OOOOE+00 

none 0.OOOOE+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 046: 
Cs-136 

3 
0.1131840000E+07 
0.1360E+03 
0.OOOOE+00 

none 0.OOOOE+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 047: 
Cs-137 

3 
0.9467280000E+09 
0.1370E+03 
0.OOOOE+00 

Ba-137m 0.9500E+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 048: 
Ba-139 

6 
0.4962000000E+04 
0.1390E+03

0.0000E+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 049: 
Ba-140 

6 
0.1100736000E+07 
0.1400E+03 
0.OOOOE+00 

La-140 0.1000E+01 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 050: 
La-140 

9 
0.1449792000E+06 
0.1400E+03 
0.OOOOE+00 

none 0.OOOOE+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 051: 
La-141 

9 
0.1414800000E+05 
0.1410E+03 
0.OOOOE+00 

Ce-141 0.1000E+01 
none 0.0000E+00 
none 0.OOOOE+00 
Nuclide 052: 
La-142 

9 
0.5550000000E+04 
0.1420E+03 
0.OOOOE+00 

none 0.OOOOE+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 053: 
Ce-141 

8 
0.2808086400E+07

0. 1410E+03 
0.OOOOE+00 

none 0.OOOOE+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 054: 
Ce-143 

8 
0.1188000000E+06 
0.1430E+03 
0.0000E+00 

Pr-143 0.I000E+01 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 055: 
Ce-144 

8 
0.2456352000E+08 
0.1440E+03 
0.OOOOE+00 

Pr-144m 0.1800E-01 
Pr-144 0.9800E+00 
none 0.OOOOE+00 
Nuclide 056: 
Pr-143 

9 
0.1171584000E+07 
0.1430E+03 
0.OOOOE+00 

none 0.OOOOE+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 057: 
Nd-147 

9 
0.9486720000E+06 
0.1470E+03 
0.OOOOE+00 

Pm-147 0.1000E+01 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 058: 
Np-239 

8

0.2034720000E+06 
0.2390E+03 
0.OOOOE+00 

Pu-239 0.1000E+01 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 059: 
Pu-241 

8 
0.4544294400E+09 
0.2410E+03 
0.OOOOE+00 

U-237 0.2400E-04 
Am-241 0.1000E+01 
none 0.0000E+00 
Nuclide 060: 
Cm-242 

9 
0.1406592000E+08 
0.2420E+03 
0.OOOOE+00 

Pu-238 0.1000E+01 
none 0.0000E+00 
none 0.OOOOE+00 
End of Nuclear 

Inventory File
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ATTACHMENT B 
RADTRAD Dose Conversion Factor (DCF)' File - JAFHAFG11&11 

JAFHA FGR11&12 added 8 nuclides; deleted Tel29m,Tel3lm,Tel32,Cm244,AM-242,Pu238-240 2/2001 
Implicit daughter halflives (m) less than 90 and less than 0.100 of parent

9 ORGANS DEFINED IN THIS FILE: 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 

60 NUCLIDES DEFINED IN THIS FILE: 
Co-58 Y 
Co-60 Y 
Kr-83m data entered by Gopal J.  
Kr-85 
Kr-85m 
Kr-87 
Kr-88 
Rb-86 D 
Sr-89 Y 
Sr-90 Y 
Sr-91 Y Including:Y-91m 
Sr-92 Y 
Y-90 Y 
Y-91 Y 
Y-92 Y 
Y-93 Y 
Zr-95 D 
Zr-97 Y Including:Nb-97m Includ: 
Nb-95 Y 
Mo-99 Y 
Tc-99m D
Ru-103 
Ru-105 
Ru-106 
Rh-105 
Sb-127

Y 
y 
Y 
Y 
w

Including:Rh-103m 

Including:Rh-106

Patel NUCORE/10/08/2001

ing:Nb-97

Sb-129 
Te-127 
Te-127m 
Te-129 
Br-83 
Br-84 
1-130 
1-131 
1-132 
1-133 
1-134 
1-135 
Xe-131m 
Xe-133 
Xe-133m 
Xe-135 
Xe-135m 
Xe-138 
Cs-134 
Cs-136 
Cs-137 
Ba-139 
Ba-140 
La-140 
La-141 
La-142 
Ce-141 
Ce-143 
Ce-144 
Pr-143 
Nd-147 
Np-239 
Pu-241 
Cm-242 

INGESTION 

Co-58 
GONADS

w 
w 
w 
w 
D 
D 
D 
D 
D 
D 
D 
D

D 
D 
D 
D 
D 
W 
D 
D 
Y 
Y 
Y 
y 
y 
W 
y 
w

data entered by Gopal J. Patel NUCORE/01/23/2002 
data entered by Gopal J. Patel NUCORE/01/23/2002 
data entered by Gopal J. Patel NUCORE/01/23/2002

Including:Xe-135m 
data entered by Gopal J. Patel NUCORE/10/08/2001

data entered by Gopal J. Patel NUCORE/10/08/2001 

data entered by Gopal J. Patel NUCORE/10/08/2001 
data entered by Gopal J. Patel NUCORE/1O/08/2001 

Including:Ba-137m 

Including:Pr-144m, Including:Pr-144

CLOUDSHINE GROUND GROUND GROUND INHALED INHALED 

SHINE 8HR SHINE 7DAY SHINE RATE ACUTE CHRONIC 

4.660E--14 2.867E-1I 5.828E-10 9.970E-16-1.OOOE 6.170E-10 1.040E-O0
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CALC. TITLE: Fuel Handling Accident - AST Analysis for Relaxation of 
Secondary Containment Operability

CALC. NO.: JAF-CALC-RAD-04410

ORIGINATOR/DATE

5. 565E-i0 
5.319E-i0 
5.430E-i0 
7.716E-10 
5.530E-i0 
5.255E-10 
5.553E-I0 
6.664E-10 

1.480E-09 
1.413E-09 
1 .371E-09 
1.407E-09 
1.879E-09 
1.359E-09 
1.365E-09 
1.419E-09 
1.667E-09

9.520E-16-1.OOOE 9.370E-10 1.790E-10 
9.100E-16-1.000E 1.600E-08 8.530E-I1 
9.290E-16-I.OOOE 9.230E-10 2.600E-l0 
1.320E-15-1.000E 6.930E-10 1.250E-i0 
9.460E-16-1.OOOE 8.720E-i0 6.310E-11 
8.990E-16-1.OOOE 1.890E-09 1.580E-09 
9.500E-16-1.000E 2.940E-09 8.090E-10 
1.140E-15-1.DOOE 0.000E O.pOOE

2.450E-15-1.000E 
2.340E-15-1.000E 
2.270E-15-1.000E 
2.330E-15-1.000E 
3.110E-15-1.OOOE 
2.250E-15-1.OOOE 
2.260E-15-1.OOOE 
2.350E-15-1.OOOE 
2.760E-15-1.OOOE

BREAST 
LUNGS 
RED MARR 

BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Co-60 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Kr-83m 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER

4.760E-09 3.190E-09 
1.840E-08 1.100E-09 
3.450E-07 8.770E-i0 
1.720E-08 1.320E-09 
1.350E-08 9.390E-10 
1.620E-08 7.880E-10 
3.600E-08 4.970E-O9 
5.910K-08 2.770E-09 
0.O00E O.O00E

5.300E-14 
4. 640E-14 
4.530E-14 
7. 410E-14 
4. 770E-14 
4. 440E-14 
4.760E-14 
5.580E-14 

1.230E-13 
1.390E-13 
1.240E-13 
1.230E-13 
1.780E-13 
1.270E-13 
1.200E-13 
1.260E-13 
1.450E-13 

1.710E-18 
5.050E-18 
1.640E-19 
3.830E-19 
2.250E-18 
6.430E-19 
5.300E-19

EFFECTIVE 1.500E-18 O.000E 0.000E O.000E1.OK00 0.O00E 0.O00E 
SKIN(FGR) 3.560K-17 O.000E 0.0000E O.OOOEi.OOO 0.00E 0.O00E 
Kr-85

1.170E-16 8.121E-14 
1.340E-16 7.891E-14 
1.140E-16 7.056E-14 
1.090E-16 6.998E-14 
2.200E-16 1.287E-13 
1.180E-16 7.459E-14 
1.090E-16 6.941E-14 
1.190E-16 7.603E-14 
1.320E-14 2.304E-il

1.704E-12 2.820E-18-1.OOOE 
1.656E-12 2.740E-18-1.OOOE 
1.481E-12 2.450E-18-i.OOOE 
1.469E-12 2.430E-18-1.OOOE 
2.702E-12 4.470E-18-1.OOOE 
1.565E-12 2.590E-18-1.OOOE 
1.457E-12 2.410E-18-1.OOOE 
1.596E-12 2.640E-18-i.OOOE 
4.835E-10 8.OOOE-16-1.OOOE

3. 653E-12 
3.560E-12 
3.351E-12 
3.304E-12 
7 .446E-12 
3.374E-12 
3.257E-12 
3.537E-12 
3.164E-i1

0. O00E 
0. 000E 
0.000E 
0.000K 
0.O00E 
0.O00E 

0.000K 
0.O00E 

0.000E

1.570E-16-1.OOOE 0.000E 
1.530E-16-1.OOOK 0.000E 
1.440E-16-1.OOE O.000E 
1.420E-16-1.OOE O.000E 
3.200E-16-1.OOOE O.O00E 
1.450E-16-1.OOOE 0.000E 
1.400E-16-1.OOOE O.000E 
1.520E-16-1.OOOE 0.000E 
1.360E-15-1.OOO0 0.000E

0.000E 
0. 000E 
0.000E 
0.000K 
0.O000E 
0.O00E 
0.000E 
O.O00E 
O.000E 

0. 000E 
0. 000E 
0. 000E 
0. O00E 
0. 000E 
0.000E 
0.000E 
0. 000E 
0.000E

4.OOOE-14 4.962E-12 5.026E-12 7.610E-16-1.OOOE 0.000E 0.000E

2.737E-1 I 
2. 617E-i I 
2.671E-il 
3.795E-11 
2. 720E-I11 
2.585E-1i 
2.732E-i I 
3. 278E-1I1 

7.056E- I1 
6.739E-1i 
6.537E-lI 
6.710E-Il 
8. 956E-11 
6.480E-11 
6. 508E-lI 
6.768E-Il 
7. 948E-Ii

4.500E-14 4.740E-12 
4.040E-14 4.'603E-12 
4.000E-14 4.70'8E-12 
6.020E-14 6.,14E-12 
4.130E-14 4.473E-12 
3.910E-14 4.S90E-12 
4.12QE-14 4.773E-12 
1.370E-13 8.802E-11

BREAST 
LUNGS 
RED MARR' 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Kr-88 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Rb-86 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Sr-89 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Sr-90 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Sr-91 
GONADS

2.278E-li 

2.139EK-i 
2.190E-il 
2.886E-il 
2.012E-lI 
2.139E-lI 
2.202E-li 
5. 607E-li 

2.788E-12 
2. 662E-12 
2.553E-12 
2.619E-12 
3.635E-12 
2. 599E-12 
2.542E-12 
2.665E-12 
2.210E-10 

7. 155E-14 
7.212E-14 
5. 689E-14 
5.345E-14 
1.560E-13 
6.063E-14 
5. 603E-14 
6.523E-14 
1.914E-10 

9. 590E-15 
1.008E-14 
6.307E-15 
5.558E-15 
2.393E-14 
7.171E-15 
6.422E-15 
8.179E-15 
4.032E-12

4.802E-12 7.270E-16-1.ODOE 
4.663E-i2 7.060E-16-1.OOOE 
4.769E-12 7.?20E-16-1.O0OE 
6.598E-12 9.90E-16-1.000E 
4.531E-12 6,860E-16-1.000E 
4.G6(ý1E"l7 7.040E-16-1.000E 
4.835E-12 7.320E-16-1.D00E 
8.916E-il 1.350E-14-1.OOOE 

2.655E-1 .1.800E-15-1.OOOE 2.537F--Iý I.7,20E-Iý-1.000E1 

2.493g-Ii 1.60E-15-1.000E 
2.552S-11 l7•0K-15-1.000E 
3.363E-ii 2.280E-15-i.000E 
2.345E-il 1.590E-15-1.OOOE 
2.493E-ii 1.690E-15-1.OOOE 
2.567E-11 1.740E-15-1.OOOE 
6.534E-il 4.430E-15-1.OOOE

5.187E-1i 
4.953E-il 
4.750E-Il 
4.873E-li 
6.764E-1i 
4.836E-11 

4.729E-lI 
4.958E-i 
4.111E-09 

1.436E-12 
I. 447E-12 
1. 142E-12 
1.073E-12 
3. 131E-12 
1.217E-12 
1. 124E-12 
1.309E-12 
3.841E-09 

2.014E-13 
2. 116E-13 
1.324E-13 
1.167K-13 
5.025E-13 
1.506E-13 
1.348E-13 
1.717E-13 
8.465E-i

9.740E-17-1.OOOE 
9.300E-17-1.OOOE 
8.920E-17-1.000E 
9.150E-17-1.OOOE 
1.270E-16-1.OOOE 
9.080E-17-1.OOOE 
8.880E-17-1.OOOE 
9.310E-17-1.OOOE 
7.720E-15-1.OOOE 

2.490E-18-1.OOOE 
2.510E-18-1.OOOE 
1.980E-18-1.OOOE 
1.860E-18-1.OOOE 
5.430E-18-1.OOOE 
2.110E-18-1.O000E 
1.950E-18-1.OOOE 
2.270E-18-l1.OOO I 
6.660K-15-1.000E 

3.330E-19-1.ODOE 
3.500E-19-1.O0OE 
2.190E-19-1.O00E 
1.930E-19-1.OOOE 
8.310E-19-1.OOOE 
2.490E-19-1.OOOE 
2.230E-19-1.OOOE 
2.8410E-19-1.OOOE 
1.400E-16-1.O00E

O.O000 0.000v 
O.OO0E O.O00E 
O.000E O.OOOE 
O.O00E O.O00E 

O.OOOE 0.000E 0.000K 0.00CR 

0.OOOE 0.000C 
O.OOOE 0.00CR 

O.O00E 0.O00E 
O.OOOE 0.O00E 
O.OOOE 0.O00E 
O.O00E 0.OOOE 
O.OOOE 0.O00E 
O.OOOE 0.O00E 
O.000K O.O00E 
0.OOOE o.ooo0 
O.OOOE 0.O00E 

1.340E-09 2.150E-09 
1.330E-09 2.140E-09 
3.300E-09 2.140E-09 
2.320E-09 3.720E-09 
4.270E-09 6.860E-09 
1.330E-092.140E-09 
1.380E-09 2.330E-09 
1.790E-09 2.530E-09 
O.OOOE O.000E 

7.950E-12 8.05OE-12 
7.960E-12 7.980E-12 
8.350E-08 7.970E-12 
1.070E-10 1.080E-10 
1.590E-i0 1.610E-10 
7.960E-12 7.970E-12 
3.970E-09 8.250E-09 
1.120E-08 2.500E-09 
0.OOOE 0.000E 

2.690EK10 5.040E-lI 
2.690E-10 5.040E-lI 
2.860E-06 5.040E-Il 
3.280E-08 6.450E-09 
7.090E-08 1.390E-08 
2.690E-10 5.040E-11 
5.730E-09 6.700E-09 
3.510E-07 3.230E-09 
0.000E 0.000E

4.819E-14 2.155E-il 5.062E-11 1.026E-15-1.OOOE 5.669E-11 2.520E-10

9. 900E-14 
1. 10KE-13 
1.010E-13 
1.000E-13 
1.390E-13 
1.030E-13 
9.790E-14 
1.020E-13 
1.350E-13 

4.7IOE-15 

5.340E-15 
4.710E-15 
4. 640E-15 
7.050E-15 
4.840E-15 
4.520E-15 
4.810E-15 
4 .850E-14 

7.730E-17 
9. 080E-17 
7. 080E-I7 
6.390E-17 
1. 940E-16 
7.600E-17 
6.710E-17 
7.730E-17 
3.690E-14 

7.780E-18 
9.490E-18 
6.4 40E-18 
5.440E-18 
2.280E-17 
7.330E-18 
6.110E-18 
7.530E-18 
9.200E-15

0.O00E O.OOOEI.0OOE 
0.O00E 0.OOOEI.0OOE 
0.O00E 0.OOOE.OOOE 
0.O00E 0.OOOEI.OOOE 
0.000E 0.OOOEI.OOOE 
0.000E O.OOOEI.OOOE 
O.000E O.OOOEI.OOOE

0.000E 0.000E 
0.000E 0.000E 
0.000E 0.000E 
0.000E 0.000E 
0.000K 0.000K 

0.000E 0.000E 
0.00DE 0.000E

0.000K 
0.O00E 
0.O00E 
0.O00E 

0. 000E 
0.O00E 
0.000E

GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Kr-85m 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN (FGR) 
Kr-87 
GONADS

7.310E-15 
8.410E-15 
7.040E-15 
6.430E-15 
1.880E-14 
7. 330E-15 
6.640E-15 
7.480E-i5 
2.240E-14

2.594E-12 
2.527E-12 
2.379E-12 
2. 346E-12 
5.286E-12 
2.395E-12 
2.313E-12 
2.511E-12 
2.247E-1i

I I



9.806E-16-1.OOOE 1.775E-11 3.676E-11 
9.376E-16-1.OOOE 2.170E-09 1.055E-11 
9.570E-16-1.000E 2.275E-11 5.659E-11 
1.360E-15-1.OOOE 1.306E-11 2.070E-11 
9.693E-16-1.OOOE 9.930E-12 1.968E-12 
9.268E-16-1.000E 5.802&-10 2.557E-09 
9.793E-16-1.O00E 4.547E-10 8.455E-10 
8.080E-15-1.000E 0.0002 O.000E 

1.300E-15-1.000E 1.020E-11 8.180E-11 
1.240E-15-1.000E 6.490E-12.1.700E-1f 
1.210E-15-1.OOOE 1.050E-09 7:220E-12 
1.240E-15-1.OOOE 6.980E-12 2.290E-11 
1.640E-15-1.000E 4.360E-12 8.490E-12 
1.180E-15-1.OOOE 3.920E-12 1.300E-12 
1.200E-15-1.000E 2.900E-10 1.720E-09 
1.250E-15-1.OOOE 2.180E-10 5.430E-10 
1.860E-15-1.000E 0.OOOE 0.OOOE 

5.750E-18-1.OOOE 5.170E-13 1.430E-14 
5.720E-18-1.OOOE 5.170E-13 1.270E-14 
4.760E-18-1.000E 9.310E-09 1.260E-14

BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN (FGR) 
Sr-92 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Y-90 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Y-91 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN (FGR) 
Y-92 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN (FGR) 
Y-93 
GONADS

5.477E-14 
4.803E-14 
4.691E-14 
7. 674E-14 
4.938E-14 
4. 610E-14 
4 .924E-14 
9.938E-14 

6.610E-14 
7. 480E-14 
6. 670E-14 
6.620E-14 
9.490E-14 
6.820E-14 
6.450E-14 
6.790E-14 
8.560E-14 

1.890E-16 
2.200E-16 
1.770E-16 
1.620E-16 
4. 440E-16 
1.870E-16 
1. 680E-16 
1.900E-16 
6.240E-14 

2.560E-16 
2.930E-16 
2.500E-16 
2.410E-16 
4.560E-16 
2.600E-16 
2.390E-16 
2.600E-16 
3.850E-14 

1.270E-14 
1.440E-14 
1.270E-14 
1.250E-14 
1.950E-14 
1.300E-14 
1.220E-14 
1.300E-14 
1. 140E-13

2.650E-16-1.000E 
2.530E-16-1.000E 
2.430E-16-1.000E 
2.480E-16-1.000E 
3.500E-16-1.000E 
2.460E-16-1. 000E 
2.410E-16-1.000E 
2.530E-16-1.000E 
1.390E-14-1.000E

1.520E-11 3.700E-13 
1.510E-11 3.670E-13 
5.170E-13 1.260E-14 
3.870E-09 9.680E-09 
2.280E-09 2.910E-09 
0.O00E 0.000E 

8.200E-12 3.540E-12 
8.920E-12 5.540E-13 
9.870E-08 2.020E-13 
3.190E-10 6.590E-12 
3.180E-10 6.130E-12 
8.500E-12 1.290E-13 
4.200E-09 8.570E-09 
1.320E-08 2.570E-09 
O.000E O.000E 

2.610E-12 1.960E-11 
1.500E-12 3.550E-12 
1.240E-09 1.390E-12 
2.070E-12 4.910E-12 
1.510E-12 1.750E-12 
1.050E-12 1.770E-13 
2.030E-10 1.700E-09 
2.110E-10 5.150E-10 
0.O00E 0.000E

4.670E-15 2.108E-12 4.989E-12 9.510E-17-1.OOOE 5.310E-12 2.200E-11

2.059E-11 
1 .970E-1I 
2.011E-I1 
2.852E- 11 
2.035E-11 
1.948E-11 
2.057E-11 
1.748E-10 

1.593E-11 
1.520E-11 
1.483E-11 
1. 520E-1 1 
2. O1OE-1 1 
1.446E-11 
1.471E-11 
1.532E-11 
2.280E-11 

1.586E-13 
1. 578E-13 
1.313E-13

4.838E-11 
4.626E-11 
4 .722E-11 
6.7 09E-11 
4 .782E-11 
4. 573E-11 
44832E-11 
3.987E-10 

1.830E-1i 
1.745E-11 
1.703E-1I 
1.745E-1i 
2. 308E-11 
1.661E-I1 
1. 689E-11 
1.759E-11 
2. 61BE-1i 

1. 601E-12 
1.593E-12 
1.326E-12

2.026E-12 
1. 937E-12 
1. 97ýE'-12 
2.94 8E-12 
1. 908E-12 
1. 919E'r12 
2.021E-12 
2.726E-10 

2. 182E-11 
2.084711i 
1. 989E-11 
2.030E-11 
2.875E-11 
2.076E-1i 
1.963E-1I 
2.078E-il 
2.561E-I1

4.794E-12 
4.585E-12 
4.66'9 -12 
6.9774-12 
4 .516E-12 
4 .543E-12 
4.784E-12 
6.4 2E-1Q 

4.421 -lO 
4.223 -10 
4.030E-10 
4.112E-10 
5.824E-10 
4.205E-10 
3. 978E-10 
4 .211E-10 
5. 190E-10

9.140E-17-1.OOOE 1.740E-12 3.130E-12 
8.740E-17-1.OOOE 2.520E-09 8.670E-13 
8.900E-17-1.OOOE 4.040E-12 4.930E-12 
1.330E-16-1.000E 3.140E-12 1.730E-12 
8.610E-17-1..000E 9.260E-13 1.260E-13 
8.660E-17-1.900E 9.250E-10 4.090E-09 
9.120E-17-1.OOOE 5.820E-10 1.230E-09 
1.2302-14-LOOOE 0.OOOE 0.OOOE 

7.590E-16-1.900E 1.880E-09 8.160E-10 
7.250E-16-1:000E 1.910E-09 1.050E-1O 
6.9202E6-1.COOE 2.170E-09 2.340E-11 
7.060E16-1.O00E 1.300E-08 2.140E-10 
I.O00E-15-1.OOOE 1.030E-07 4.860E-10 
7.220E-16-1.OOOE 1.440E-09 8.270E-12 
6.830E-16-1.OOOE 2.280E-09 2.530E-09 
7.230E-16-1.O.OOE 6.390E-09 1.020E-09 
8.910E-16-1.OOOE O.OOOE 0.OOOE

BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Zr-95 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN{FGR) 
Zr-97 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Nb-95 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Mo-99 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Tc-99m 
GONADS

5.300E-15 
4 .680E-15 
4 .580E-15 
7.580E-15 
4.790ErI15 
4.510E -151 
4 .800E-15 
8.500Q-14 

3. 530E-14 
4. 010E-14 
3. 510E-14 
3.430E-14 
5.620E-14 
3.610E-14 
3.360E-14 
3. 600E-14 
4.500E-14 

4. 331E-14 
4. 928E-14 
4.322E-14 
4.224E-14 
6.897E-14 
4.443E-14 
4.139E-14 
4.432E-14 
9. 835E-14 

3.660E-14 
4. 160E-14 
3. 650E-14 
3.560E-14 
5.790E-14 
3.750E-14 
3.490E-14 
3.740E-14 
4 .300E-14 

7. 130E-15 
8.130E-15 
7.060E-15 
6.820E-15 
1.240E-14 
7.270E-15 
6.740E-15 
7.280E-15 
3. 140E-14

5.750E-15 2.334E-12 3.877E-12 1.240E-16-1.000E 2.770E-12 9.750E-12
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CALC. TITLE: Fuel Handling Accident - AST Analysis for Relaxation of 
SecondaryCContainment Operability E e CALC. NO.: JAF-CALC-RAD-04410 REVISION NO. 0 

ORIGINATOR/DATE G. Patel REVIEWR/DATE M. Drucker 
05/23/02 05/24/02

2.179E-11 7.799E-11 9.253E-16-1.OOOE 
2.083E-11 7.455E-11 8.846E-16-1.000E 
1.992E-11 7.127E-11 8.456E-16-1.OOOE 
2.034E-11 7.279E-11 8.634E-16-1.000E 
2.881E-11 1.031E-10 1.224E-15-1.000E 
2.061E-11 7.377E-11 8.755E-16-1.OOOE 
1.966E-11 7.035E-11 8.345E-16-1.OOOE 
2.078E-11 7.438E-11 8.824E-16-1.000E 
2.281E-10 8.148E-10 9.587E-15-1.000E 

2.253E-i1 4.435E-10 7.850E-16-1.OOOE 
2.150E-11 4.231E-10 7.490E-16-1.OOOE 
2.055E-11 4.045E-10 7.160E-16-1.OOOE 
2.101E-11 4.135E-10 7.320E-16-1.OOOE 
2.957E-11 5.819E-10 1.030E-15-1.OOOE 
2.144E-11 4.220E-10 7.470E-16-1.OOOE 
2.032E-11 4.OOOE-10 7.080E-16-1.O00E 
2.147E-11 4.226E-10 7.480E-16-1.OOOE 
2.598E-11 5.112E-10 9.050E-16-1.000E 

4.282E-12 4.403E-11 1.550E-16-1.OOOE 
4.116E-12 4.233E-11 1.490E-16-1.OOOE 
3.867E-12 3.977E-11 1.400E-16-1.OOOE 
3.923E-12 4.034E-11 1.420E-16-1.000E 
6.105E-12 6.278E-11 2.210E-16-1.000E 
4.033E-12 4.147E-11 1.460E-16-1.000E 
3.812E-12 3.920E-11 1.380E-16-1.000E 
4.061E-12 4.176E-11 1.470E-16-1.OOOE 
1.039E-10 1.068E-09 3.760E-15-1.OOOE

1.840E-10 6.228E-10 
4.706E-11 8.137E-1I 
4.108E-09 1.770E-11 
6.376E-11 1.302E-10 
3.504E-11 4.558E-11 
2.315E-11 2.671E-12 
2.041E-09 6.990E-09 
1.171E-09 2.283E-09 
0.OOOE O.000E 

4.320E-10 8.050E-10 
4.070E-10 1.070E-10 
8.320E-09 2.740E-11 
4.420E-10 1.990E-10 
5.130E-10 2.940E-10 
3.580E-10 1.180E-11 
1.070E-09 1.470E-09 
1.570E-09 6.950E-10 
0.O00E 0.000E 

9.510E-11 2.180E-l0 
2.750E-11 3.430E-11 
4.290E-09 1.510E-11 
5.240E-11 8.320E-11 
4.130E-il 6.320E-11 
1.520E-i 1.030E-11 
1.740E-09 4.280E-09 
1.070E-09 1.360E-09 
0.000E 0.OOOE

1.261E-13 1.273E-12 4.570E-18-1.O00E 
3.228E-13 3.259E-12 1.170E-17-1.000E 
1.385E-13 1.398E-12 5.020E-18-1.000E 
1.291E-13 1.303E-12 4.680E-18-1.000E 
1.468E-13 1.482E-12 5.320E-18-1.000E 
2.897E-10 2.924E-09 1.050E-14-1.000E 

1.756E-13 3.546E-12 6.110E-18-1.000E 
1.713E-13 3.459E-12 5.960E-18-1.000E 
1.526E-13 3.082E-12 5.310E-18-1.000E 
1.521E-13 3.070E-12 5.290E-18-1.000E 
2.903E-13 5.862E-12 1.010E-17-1.000E 
1.564E-13 3.157E-12 5.440E-18-1.000E 
1.509E-13 3.047E-12 5.250E-18-1.OOOE 
1.650E-13 3.332E-12 5.740E-18-1.000E 
1.989E-10 4.016E-09 6.920E-15-1.O00E

3.855E-12 4.872E-12 
3.680E-12 4.652E-12 
3.535E-12 4.468E-12 
3.608E-12 4.560E-12 
5.091E-12 6.435E-12 

3.579E-12 4.523E-12 
3.506E-12 4.431E-12 
3.680E-12 4.652E-12 
2.022E-10 2.556E-10



3.752E-12 1.200E-16-1.OOOE 2.150E-1I2 3.570E-12 
3.533E-12 1.130E-16-1.OOOE 2.280E-1-1 3.140E-12 
3.439E-12 1.100E-16-1.OOOE 3.360E-12 6.290E-12 
8.942E-12 2.860E-16-1.OOOE 2.620E-I 4.060E-12 
3.564E-12 1.140E-16-1.OOOE 5.010E-IL 8.460E-11 
3.439E-12 1.100E-16-1.OOOE 1.020E-11 3.340E-11 
3.783E-12 1.210E-16-1.OO0E 8.800E-12 1.680E-11 
4.502E-12 1.440E-16-1.OOOE 0.OOOE 0.000E

BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN (FGR) 
Ru-103 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN ( FGRI 
Ru-105 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN (FGR) 
Ru-106 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN (FGR) 
Rh-05 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN (FGR) 
Sb-127 
GONADS

6.650E-15 
5.4 90E-15 
4. 910E-15 
1. 630E-14 
5.750E-15 
5. 150E-15 
5.890E-15 
7. 140E-15 

2. 191E-14 
2.512E-14 
2.180E-14 
2. 100E-14 
3.892E-14 
2.241E-14 
2. 080E-14 
2. 251E-14 
2. 774E-14 

3. 720E-14 
4.240E-14 
3.700E-14 
3.590E-14 
6.280E-14 
3.800E-14 
3.540E-14 
3.810E-14 
6.730E-14 

1.010E-14 
1.160E-14 
1.010E-14 
9.750E-15 
1. 720E-14 
1.030E-14 
9.630E-15 
1.040E-14 
1.090E-13 

3. 640E-15 
4. 160E-15 
3.570E-15 
3.380E-15 
7.530E-15 
3.680E-15 
3.390E-15 
3.720E-15 
1.070E-14

3.260E-14 1.985E-11 2.441E-10 7.100E-16-1.O00E 2.520E-10 6.140E-10

2.258E-12 
2. 127E-12 
2.070E-12 
5.383E-12 
2. 145E-12 
2.070E-12 
2. 277E-12 
2. 710E-12 

1.404E-11 
1.350E-11 
1.273E-11 
1.287E-11 
1.958E-11 
1.331E-11 
1.248E-11 
1. 332E-11 
1.785E-11 

1.327E-11 
1.271E-1I 
1.210E-11 
1.230E-11 
1.809E-11 
1 .260E-11 
1. 189E-11 
1.265E-11 
7.368E-11 

6.4 11E-12 
6.152E-12 
5.836E-12 
5.893E-12 
8.883E-12 
6.066E-12 
5.721E-12 
6.095E-12 
4.082E-10 

2. 127E-12 
2.063E-12 
1. 935E-12 
1. 946E-12 
3.332E-12 
1.983E-12 
1.885E-12 
2.031E-12 
4.691E-12

3.720E-14 
3. 240E-14 
3. 140E-14 
5.520E-14 
3. 330E-14 
3.090E-14 
3. 330E-14 
5.580E-14

1. 90.4E-11 
1.809E-II 
1.834E-11 
2.720E-11 
1.884E-1i 
1.775E-11 
1.890E-11 
7. 947E-11

2. 341. E- 10 
!2.224E710 
2. 25E-10 
3.34-5E-10 
2. 311EL-10 
2. 183E-10 
2.332JE-10 
9.799E-10

6.970E-14 2.336E- 1 1 3.23iE-11 
7.910E-14 2.222E-11 3.074E-11 
6.980E-14 2.141E-11 2.964E-1I 
6.860E-14 2.190E-11 3.029E-11 
1.070E-13 3.033E-11 4.196E-11 
7.160E-14 2.174E-11 3.007E-11I 
6.710E-14 2.125E-11 2.939E-11I 
7.140E-14 2.238E-11 3.096E-11I 
1.050E-13 8.273E-11 1.144E-10

BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REýAINDER 
EFFECTIVE 
SKIN(FGR) 
Sb-129 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Te-127 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Te-127m 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Te-129 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Br-83 
GONADS

1.191E-13 
1.158E-13 
1.060E-13 
1.058E-13 
1.862E-13 
1.106E-13 
1.036E-13 
1.125E-13 
1.173E-11 

4.689E-13 
5.150E-13 
1.602E-13 
1. 24 9E-13 
9.005E-13 
2.779E-13 
1.999E-13 
3.251E-13 
1.496E-12 

3.889E-13 
3.800E-13 
3.298E-13 
3.298E-13 
5.753E-13 
3.525E-13 
3.262E-13 
3.590E-13 
3.429E-11

2. 661E-13 
2.588E-13 
2.370E-13 
2.365E-13 
4. 162E-13 
2.472E-13 
2.316E-13 
2.515E-13 
2. 622E-11 

9.642E-12 
1.059E-11 
3.295E-12 
2. 567E-12 
1.852E-11 
5.714E-12 
4. 111E-12 
6.684E-12 
3.076E-11 

3. 922E-13 
3. 832E-13 
3.326E-13 
3.326E-13 
5. 802E-13 
3.555E-13 
3.289E-13 
3.621E-13 
3.458E-11

6. 810E-16-1.OOOE 
6.470E-16-1.:OOOE 
6.560E-16-1.[000E 
9.730E-16-1.0OOE 
61.740E-16-1.002E 
6.350E-16-I.Oo0E 
6.7 60E-16-1.O000E 

2.850E-15-1.000E 

I.44qE-5-1-A000E 
1.370E-15-1.:OD0E 
1.32bE-15-1.000E 
1.350E-15-1.O00E 
1.870E-15-1.000E 
1.340E-15-1.OOOE 
1.310E-15-1.000E 
1.380E-15-1.000E 
5.100E-15-1.000E

9.120E-11 7.600E-11 
6.940E-09 1.570E-11 
1.610E-10 1.330E-10 
1.340E-10 5.240E-11 
6.150E-11 4.640E-12 
2.330E-09 5.870E-09 
1.630E-09 1.950E-09 
0.OOOE 0.000E 

2.150E-11 1.510E-10 
1.280E-11 2.560E-11 
8.980E-10 9.390E-12 
1.700E-11 3.670E-11 
1.460E-11 1.340E-11 
9.720E-12 1.470E-12 
1.870E-10 1.450E-09 
1.740E-10 4.840E-10 
0.OOOE 0.000E

5.480E-18-1.000E 2.020E-12 4.020E-12 
5.330E-18-1.OOOE 1.880E-12 3.OOOE-12 

4.880E-18-1.OOOE 4.270E-10 2.890E-12 
4.870E-18-1.000E 4.090E-12 6.570E-12 
8.570E-18-1.OOOE 4.090E-12 6.460E-12 
5.090E-18-1.O00E 1.840E-12 2.860E-12 
4.770E-18-1.OOOE 1.110E-10 6.130E-10 

5.180E-18-1.000E 8.600E-11 1.870E-10 
5.400E-16-1.OOOE 0.000E 0.000E 

1.630E-17-1.OOOE 1.100E-10 1.250E-10 
1.790E-17-1.OOOE 1.100E-10 9.740E-11 
5.570E-18-1.000E 3.340E-08 9.620E-11 

4.340E-18-1.000E 5.360E-09 5.430E-09 
3.130E-17-1.O00E 2.040E-08 2.070E-08 
9.660E-18-1.000E 9.660E-11 9.430E-11 
6.950E-18-1.O00E 1.660E-09 2.980E-09 
1.130E-17-1.OOOE 5.810E-09 2.230E-09 
5.200E-17-1.OOOE 0.000E 0.O00E 

6.510E-17-1.OOOE 5.050E-13 1.590E-12 
6.360E-17-1.OOOE 5.390E-13 6.050E-13 
5.520E-17-1.000E 1.530E-10 4.910E-13 
5.520E-17-1.000E 6.190E-13 7.640E-13 
9.630E-17-1.000E 6.220E-13 5.400E-13 
5.900E-17-1.OOOE 5.090E-13 3.360E-13 
5.460E-17-1.O00E 7.280E-12 1.790E-10 
6.010E-17-1.O00E 2.090E-11 5.450E-11 
5.740E-15-1.0002 O.OOOE 0.O00E

3.740E-16 O.000E O.OOOE O.0002I.0002 3.280E-12 7.350E-12

2.783E-10 
2. 677E-10 
2.522E-10 
2.551E-10 
3.882E-10 
2. 639E-10 
2. 472E-10 
2.64 1E-10 
3. 543E-10 

1.861E-11I 
1.783E-11 
1. 697E-11 
1.725E-11 
2.537E-11 
1. 766E-11 
1.667E-11 
1.773E-11 
1.033E-10 

1.340E-10 
1. 286E-10 
1. 220E-10 
1.232E-10 
1. 856E-10 
1.268E-10 
1. 196E-10 
1.274E-10 
8. 531E-09 

1.411E-11 
1.369E-11 
1.284E-11 
1.291E-11 
2.210E-11 
1. 316E-11 
1.2502-11 
1. 347E-11 
3.112E-11

4.892E-16-1.OOOE 3.070E-10 5.720E-10 
4.705E-16-1.000E 3.110E-10 1.200E-10 
4.432E-16-1.OOOE 1.561E-08 7.310E-11 
4.483E-16-1.OOOE 3.190E-10 1.660E-10 
6.823E-16-1.000E 2.370E-10 9.631E-11 
4.638E-16-1.000E 2.570E-10 6.250E-11 
4.346E-16-1.O00E 1.250E-09 2.110E-09 
4.642E-16-1.000E 2.421E-09 8.271E-10 
6.229E-16-1.OOOE 0.000E O.000E 

8.070E-16-1.000E 1.590E-11 9.670E-11 
7.730E-16-1.OOOE 6.610E-12 1.590E-11 
7.360E-16-1.OOOE 5.730E-10 6.210E-12 
7.480E-16-1.OOOE 7.700E-12 2.350E-11 

1.100E-15-1.000E 4.620E-12 8.890E-12 
7.660E-16-1.OOOE 4.150E-12 1.820E-12 

7.230E-16-1.OOOE 1.610E-10 8.540E-10 
7.690E-16-1.OOOE 1.230E-10 2.870E-10 
4.480E-15-1.OOOE 0.000E 0.000E 

2.230E-16-1.OOOE 1.300E-09 1.640E-09 
2.140E-16-1.OOOE 1.780E-09 1.440E-09 

2.030E-16-1.OOOE 1.040E-06 1.420E-09 

2.050E-16-1.OOOE 1.760E-09 1.460E-09 
3.090E-16-1.OOOE 1.610E-09 1.430E-09 
2.110E-16-1.OO0 1.720E-09 1.410E-09 
1.990E-16-1.000E 1.200E-08 2.110E-08 
2.120E-16-1.OOOE 1.290E-07 7.400E-09 
1.420E-14-1.OOOE 0.OOOE O.000E 

7.980E-17-1.OOOE 2.110E-11 5.800E-11 
7.740E-17-1.OOOE 5.610E-12 8.970E-12 
7.260E-17-1.OOOE 9.580E-10 3.860E-12 
7.300E-17-1.OOOE 7.770E-12 1.470E-11 
1.250E-16-1.000E 4.460E-12 6.750E-12 
7.440E-17-1.OOOE 2.880E-12 2.910E-12 
7.070E-17-1.00OE 4.530E-10 1.270E-09 
7.620E-17-1.OOOE 2.580E-10 3.990E-10 
1.760E-16-1.OOOE O.OOOE O.000E

2.370E-16 
2.730E-16 
2.320E-16 
2.210E-16 
4.650E-16 
2.400E-16 
2.210E-16 
2.420E-16 
1.140E-14 

1. 900E-16 
2.690E-16 
7.6202-17 

6.430E-17 
3.940E-16 
1.500E-16 
8.640E-17 
1.470E-16 
8.490E-16 

2.710E-15 
3.120E-15 
2.640E-15 
2.540E-15 
4.880E-15 
2.740E-15 
2.520E-15 
2.750E-15 
3.570E-14



4.290E-16 O.OOOE 
3.690E-16 O.0OOE 
3.540E-16 O.OOOE 
6.750E-16 O.OOOE 
3.800E-16 O.OOOE 
3.520E-16 O.O00E 
3.820E-16 0.OOOE 
1.850E-14 O.OOOE 

9.160E-14 O.OOOE 
1.020E-13 0.OOOE 
9.270E-14 O.OOOE 
9.260E-14 0.O00E 
1.280E-13 0.O00E 
9.500E-14 0.O000 
8.990E-14 O.OOOE 
9.410E-14 0.OOOE 
1.880E-13 0.OO0E 

1.010E-13 O.OOOE 
1.160E-13 0.OOOE 
1.010E-13 0.OOOE 
9.820E-14 O.OOOE 
1.680E-13 O.OOOE 
1.040E-13 0.O00E 
9.660E-14 O.OOOE 
1.040E-13 O.OOOE 
1.360E-13 0.OOOE

BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN (FGR) 
Br-84 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
1-130 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN (FGR) 
1-131 
GONADS 
BREAST 
LUNGS 
RED HARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
1-132 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN (FGRC 
1-133 
GONADS

0.O00E 
O.000E 
O.000E 
0.000E 

O.OOOE 
0. ONEI 

O.00OE 

0.000E 

O.000E 0.000EI 
0.000EI 
O.000E 0.000E 
0. ONOEI 

0.000E 

O.00OE 
0. ONE 

O.000E 
0.000E 
0. O00E 
0.O00EI 

0.000E 
0.OO0E 
0.O00E 

0. ONOE

1.119E-11 
1.082E-1I 
1.016E-11 

1.022E-11 
1. 675E-11 
1.053E-11 
9.908E-12 
1.067E-1 1 
1.825E-11 

2.523E-11 
2.414E-11 
2.305E-11 
2.360E-11 
3.327E-11 
2. 381E-11 
2.283E-11 
2.403E-11 
8. 199E-1I

O.0001E.000E 3.290E-12 7.340E-12 
O.OO0E1.000E 1.500E-10 7.350E-12 
O.OOOE1.000E 3.300E-12 7.350E-12 

O.OOOE1.000E 3.200E-12 7.33OE-12
O.OOOEI.OOOE 

O.OOOE1.000E 
O.000EI.O00E 

O.000E1.000E 

O. 00051.00E 
O.0001E.000E 
O.000EI.O00E 
O.000EI.OOOE 

O.OOOEI.OO0E 
0. 00051.00E 
O.000EI.OOOE 
O.OO0E1.000E 

O.O00EI.OOOE 

O.000EI.O00E 
O.000EI.OOOE 
O.000EI.OOOE 
O.0I.OOOE10E 
O.O00EI.OOOE 
O.OOEI. OOOE 
O.OOOEI.OOOE 
O.O00E1.OOOE

1.789E-10 
1.730E-10 
1. 626E-10 
1. 635E-10 
2. 679E-10 
1. 685E-10 
1.585E-10 
1.707E-10 
2. 920E-10 

2.771E-1I 
2.652E-11 
2.532E-11 
2.592E-11 
3.655E-11 
2.616E-1I 
2.509E-11 
2.640E-11 
9.007E-11

3.290E-12 7.330E-12 
1.130E-11 6.540E-11 
2.330E-11 2.470E-11 
O.OOOE 0.O0OE 

2.840E-12 6.750E-12 
3.310E-12 6.620E-12 
1.560E-10 6.990E-12 
3.270E-12 6.210E-12 
2.990E-12 5.560E-12 
3.120E-12 5.200E-12 
1.870E-11 1.480E-10 

2.610E-11 4.910E-11 
O.OOOE O.OOOE 

2.810E-11 5.520E-11 

4.870E-11 7.320E-11 
6.030E-10 7.180E-11 
4.550E-11 6.740E-11 
4.030E-11 6.120E-11 
1.990E-08 3.940E-08 
8.020E-11 1.970E-10 
7.140E-10 1.280E-09 
O.OOOE0 O.OOE

3.940E-16-1.000E 
3.810E-16-1.0OOE 
3.580E-16-1.O0OE 
3.600E-16-1.OD0E 
5.900E-16-1.OOOE 
3.710E-16-1.000E 
3.490E-16-1.OO0E 
3.760E-16-1.000E 
6.430E-16-1.DO0E 

2.320E-15-1.OD0E 
2.220E-15-1.O00E 
2.120E-15-1.OOOE 
2.17OE-15-1.O00E 
3.060E-15-1.O0OE 
2.190E-15-1.000E 
2.100E-15-1.CODE 
2.210E-15-1.000E 
7.540E-15-1.000E

2.530E-11 4.070E-11 
7.880E-11 1.210E-10 
6.570E-10 1.020E-10 
6.260E-I1 9.440E-11 
5.730E-11 8.720E-11 
2.920E-07 4.760E-07 
8.030E-11 1.570E-10 
8.890E-09 1.440E-08 
O.OOOE O.OOOE 

9.950E-12 2.330E-11 
1.410E-11 2.520E-1I 
2.710E-10 2.640E-11 
1.400E-11 2.460E-11 
1.240E-11 2.190E-11 
1.740E-09 3.870E-09 
3.780E-11 1.650E-10 
1.030E-10 1.820E-10 
O.OOOE 0.000E

2.870E-14 1.585E-11 6.748E-11 6.270E-16-1.OOE 1.950E-11 3.630E-11

BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAfNDER 
EFFECTIVE 
SKIN(FGR) 
I-134 

GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
1-135 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Xe-131m 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 

SKIN(FGR) 
Xe-133 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 

THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Xe-133m 
GONADS

3.280E-14 
2.860E-14 
2.770E-14 
4.870E-14 
2. 930E-14 
2.730E-14 
2. 94bEIl14 
5.830E-14

1.519E-111 6.468E-11 6.010E-16-1.OOOE 
1.446E-Ký 6.156.E-II 5,.720E-16-1ý000E 

.4665-11 6.Z42E-11 5'800E-16-1.qOOE 

.161E-11 9.202E-11 8.550E-16-1.OOOE 
t 502q-11 6.393E-11 5.940E-16-1.OOOE 

.416E-11; 6.63ýE-ll 5.610E-16-1.OOOE 
1.5O9E-11 6.425E-11 5.970E-16-1.600E 
i.:150E-10 4.897E-10 4.550E-15-1.OOOE 
i I '

1.270E-13 1.200E-1• 
1.440E-13 I.145E-Il 
1.270E-13 1.100E-11

1. 250E-13 
1.960E-13 
1.300E-13 
1. 220E-13 
1. 300E-13 
1. 870E-13 

8.078E-14 
9.143E-14 
8. 145E-14 
8. 054E-14 
1. 184E-13 
8.324E-14 
7.861E-14 
8.294E-14 
1. 156E-13 

4.570E-16 
6.020E-16 
2. 670E-16 
2.270E-16 
1 .060E-15 
3.910E-16 
2.7 10E-16 
3.890E-16 
4.820E-15 

1.610E-15 
1. 960E-15 
1. 320E-15 
1. 070E-15 
5. 130E-15 
1. 510E-15 
1.240OE-15 
1. 560E-15 
4. 970E-15

1. 127E-11 
1.568E-11 
1.127E-11 
1.091E-11 
1.150E-11 
4.477E-11 

3. 113E-11 
2. 971E-11 
2.886E-11 
2. 965E-11 
3. 983E-11 
2.852E-11 
2.883E-11 
2.989E-11 
9.82 6E-11

1.202P-II 
1.14"7E-II 

1. 102E-11 
1. 129E-11 
1.571E-11 
1. 129E-11 
1.093E-11 
1. 152E-11 
4.485E-11 

5.489E-11 
5.240E-11 
5.089E-11 
5.228E-11 
7.024E-11 
5.030E-11 
5.084E-11 
5.271E-11 
1. 733E-10

0.000E O.O0OE 
0.000E 0.OONE 
O.000E 0.O00E 

0.000E O.O00E 

0.0005 O.O00E 
0.000E 0.O000E 
O.0005 0.OO0E 

O.000E O.000E

1.465E-12 
1.505E-12 
1.045E-12 
8.791E-13 
4.254E-12 
1.181E-12 
1.042E-12 
1.299E-12 
1. 953E-12

2.940E-11 4.680E-11 
8.200E-10 4.530E-11 
2.720E-11 4.300E-11 
2.520E-11 4.070E-11 
4.860E-08 9.100E-08 
5.OOOE-11 1.550E-10 
1.580E-09 2.800E-09 
O.OOOE 0.O00E

2.640E-1S-1.OOOE 4.250E-12 1.100E-11 
2. 52g-15-1.000E 6.170E-12 1.170E-11 

2.420E-I5-1.600E 1.430E-10 1.260E-11 

2.480E-15-1.900E 6.080E-12 1.090E-11 
3.450E-15-1.000E 5.310E-12 9.320E-12 
2.480E-15-1.OO0E 2.880E-10 6.210E-10 
2.400E-15-1.OOOE 2.270E-11 1.340E-10 
2.530E-15-1.OOOE 3.550E-11 6.660E-11 
9.850E-15-1.O00E 0.OOOE 0.000E 

1.599E-15-1.OOOE 1.700E-11 3.610E-11 
1.526E-15-1.O0OE 2.340E-11 3.850E-11 
1.482E-15-1.OOOE 4.410E-10 3.750E-11 
1.523E-15-1.OOOE 2.240E-11 3.650E-11 
2.046E-15-1.OOOE 2.010E-11 3.360E-11 
1.465E-15-1.OOOE 8.460E-09 1.190E-08 
1.481E-15-1.OOOE 4.700E-11 1.540E-10 
1.535E-15-1.OOOE 3.320E-10 6.080E-10 
5.047E-15-1.OOOE O.OOOE O.000E

0.O00EI.OOOE O.OOOE 
O.OOOE1.OOOE 0.000E 
0.O00E1.000E 0.000E 
0.000E1.000E O.0OOE 

0.O00E1.000E O.OOEI 
0.OOOE1.000E O.OOOE 

O.000EI.OOOE O.OOOE 

0.00OEI.000E O.OOOE 
0.00051.000E 0.0005

2.052E-11 
2. 107E-11 
1.464E-11 
1.231E-I1 
5.958E-11I 
1.653E-11 
1.4 60E-11 
1.819E-11 
2.734E-11

0 . CODE 
O.OOOE 
O.OOOE 
O.O00E 

O.O00E 

O.OOOE 0.O00E 
0.O00E 0.0005

5.200E-17-1.000E 
5.340E-17-1.000E 
3.710E-17-1.OOOE 
3.120E-17-1.CODE 
1.51OE-16-1.000E 
4.190E-17-1.O00E 
3.700E-17-1.OD0E 
4.610E-17-1.000E 
6.930E-17-1.OOOE

0. CODE D.O00E 

0. CODE 
0. CODE 
0 . CODE 
0. CODE 

0.DOGOE 
0 . CONE 

0.000E

O.OOOE 
0.000E 

O.O0OE 
0.O00E 
O.OOOE 
0.0001: 
0.0005 
0.O00E 
0.000E

1.420E-15 0.0005 D.OOOE O.000 E1.000E O.000E 0.0OOE
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1.780E-14 
2.040E-14 
1.760E-14 
1.680E-14 
3.450E-14 
1.810E-14 
1. 670E-14 
1.820E-14 
2.980E-14 

1.090E-13 
1.240E-13 
1.090E-13 
1.070E-13 
1.730E-13 
1. 120E-13 
1 .050E-13 
1. 120E-13 
1.580E-13



O.O000 O.000E 
O.ODOE O.OOOE 
O.OO0E O.O00E 
O.O00E 0.O00E 
O.000E O.000E 
O.000E 0.000E 
O.O00E 0.000E 
O.000E O.000E

BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Xe-135 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Xe-135m 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN{FGR) 
Xe-138 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Cs-134 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Cs-136 
GONADS

O.O0OE1.000E O.000E 
O.OOOE1.000E O.000E 
O.OOOEI.OOOE O.OOOE 
O.000E1.000E O.000E 

O.000EI.000E O.OOOE 

O.000EI.OOOE O.000E 
O.000E1.000E O.000E 
O.OE1.000E O.OOOE

1.194E-Il 
1. 166E-I1 
1.086E-1I 
1.086E-I1 
1.997E-i 
1.100E-l1 

1.058E-li 
1.142E-11 
9.867E-1I

O.DOOE 
0.000E 
O.O00E 

0.000E 
O.OOOE 
O.000E 
O.000E 
O.000E

2.530E-16-1.OOOE 0.O00E 0.000E 
2.470E-16-1.OOOE 0.000E 0.000E 
2.300E-16-1.OOO 0.O000E 0.O00E 
2.300E-16-1.OOOE 0.O00E 0.O00E 
4.230E-16-1.OOOE 0.O00E 0.O00E 
2.330E-16-1.O00E 0.O00E 0.O00E 
2.240E-16-1.00EO 0.000E 0.000E 
2.420E-16-1.00E O.O00KE 0.O00E 
2.090E-15-1.OOE O.O000E 0.000E

1. 700E-15I 
1.190E-15 
1. 100E-15I 
3.230E-15 
1.360E-15 
1. 150E-15 
1.370E-15 
1.040E-14 

1. 170E-14 
1.330E-14 
1.130E-14 
1.070E-14 
2.570E-14 
1. 180E-14 

1.080E-14 
1. 190E-14 
3. 120E-14 

2. 000E-14 
2.2290E-14 
1. 980E-14 
1. 910E-14 
3.500E-14 
2.040E-14 
1.890E-14 
2.040E-14 
2.970E-14 

5.590E-14 
6.320E-14 
5. 660E-14 
5.600E-14 
8.460E-14 
5. 770E-14 
5. 490E-14 
5.770E-14 
1.070E-13 

7.400E-14 
8. 430E-14 
7.370E-14 
7. 190E-14 
1.200E-13 

7.570E-14 
7.060E-14 
7.570E-14 
9.450E-14

5.455E-12 
5.325E-12 
4. 959E-12 
4. 959E-12 
9. 120E-12 
5.023E-12 
4.829E-12 
5.217E-12 
4 .506E-1i 

0.OO0E o.( 
0.O000E 0.  
O.O000E 0.  
0.O00DE 0.  
0.O00E D.C 
O.000E D.C 
0.O000E 0.  
0.000 D.C 
O.O00E D.C 

0.000 D.C 
0.000K D.C 
0.000 D.C 
0.000E O.C 
0.000E D.C 
O.O000 D.C 
0.O00E 0.C 
0.O00E 0.C 
D.OOOE 0.C 

4 .607E-l1 
4.406E-li 
4.204E-II 
4.262E-I1 
6. 105E-I1 
4.377E-11 
4.147E-II 
4.377E-1I 
6.249E-i1

0.O00E 0.O00E 
0.O00E 0.O00E 
0.OOOE 0.OOOE 
0.O00E 0.000K 
O.000E 0.O00E 
O.000E O.000E 
O.000E O.000E 
O.000E O.000E 
O.000E O.000E

0. 000E 
0. 000E 
0. 000E 
O.O00E 
0.000K 

0.O00E 
0.O00E 
0.000K 
0.000K

0. 000E 
0.000E 
0. 000E 
0. 00OE 
0.000K 
0.000K 

0.O00E 
0.O00E 
0.O00E

1.600E-15-1.O0OE 1.300E-08 2..060E-08 
1.530E-15-1.OOOE 1.080E-08 1.720E-08 
1.460E-15-1.O0OE 1.180E-08 1.760E-08 
1.480E-15-1.OOKE 1.180E-08 1.870E-08 
2.120E-15-1.OOOE 1.100E-08 1.740E-08 
1.520E-15-1.OOOE 1.11OE-08 1.760E-08 
1.440E-15-1.OO0E 1.390E-08 2.210E-08 
1.520E-15-1.OOOE 1.250E-08 1.980E-08 
2.170E-15-1.00E O.O000E 0.000E

1.040E-13 6.223E-11 3.102E-09 2.180E-15-1.OOOE 1.880E-09 3.040E-09

BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 

Cs-137 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 

REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Ba-139 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Ba-140 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
La-140 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN{FGR) 
La-141 
GONADS

1.1809-13 
1.040E-13 
1.OIOE-13 
1.660E-13 
1.070E-13 
9.950E-14 
1.060E-13 
1.250E-13 

2. 669E-14 
3.047E-14 
2. 649E-14 
2.583E-14 
4. 382E-14 
2.725E-14 
2.536E-14 
2.725E-14 
4.392E-14 

2.130E-15 
2.450E-15 
2.030E-15 
1. 870E-15 
5.,290E-15 
2. 130E-15 
1.920E-15 
2. 170E-15 
6. 160E-14 

8.410E-15 
9. 640E-15 
8.270E-15 
7. 930E-15 
1.550E-14 
8.530E-15 
7.890E-15 
8.580E-15 
2.520E-14 

1. 140E-13 
1.290E-13 
1. 150E-13 
1. 140E-13 
1. 690E-13 
1. 180E-13 
1. llOE-13 
1. 170E-13 
1. 660E-13

5.966E-ii 1.056q,09 2.090E-15-1.OOOE 
5.71OE-II'I.0I1g•09'2.000E-15-1.OPOE 

5.824E-i 1.031E-09 2.040E-15-1.OOOE 
8.422E-:ii I.491E-.09 2.950E-15-1.0bOE 
5.852E-ill'1.036E-09 2.050E-15-1.OpOE 
5.652E-11 1.OOiE-09 1.980E-15-1.0OOE 
5.966E-1i 1.056E-09 2.090E-15-1.ObOE 
7.251E-il1 1.284E-09 2.540E-15-1.OpOE 

1.669E-.11.3.530E-10 5.810E-16-7100OE 
1.596E-11 3.376E-10'5.585E-16-1.OOOE 
1.517E-11 3.209E-10 5.3095-16-1.000E 
1.542E-11 3.26OE-10 5.394E-16-1,OOOE 
2.238E-1I 4.734E-10 7.832E-16-1.OOOE 
1.588E-i1 3.358E-I0 5.556E-16-1.OOOE 

1.490E-11 3.152E-i0 5.215E-16-1.OOOE 
1.585E-11 3.353E-10 5.546E-16-1.0OOE 
5.253E-1 11.11OE-09 1.836E-15-1.OOO(

3.368E-13 
3.297E-13 
3.002E-13 
2. 932F-13 
6.841E-13 
3.044E-13 
2.932E-13 
3.227E-13 
7.241E-il 

5.451E-12 
5.280E-12 
4.852E-12 
4.880K-12 
8.020E-12 
5.109E-12 
4. 766E-12 
5. 137E-12 
5.565E-11 

6.027E-11 
5.758E-il 
5.596E-il 
5.731E-11 
7.776E-li 
5.462E-li 
5.569E-1i 
5.812E-iI 
2.217E-I0

3.429E-13 
3. 357E-13 
3.057E-13 
2.985E-13 
6. 965E-13 
3.1OOE-13 
2. 985E-13 
3.286E-13 
7.373K-11 

9.607E-li 
9.305E-li 
8. 550E-il 
8.601E-li 
1. 413E-10 
9.003E-Il 
8.399E-il 
9.053E-il 
9.808E-10 

4.425E-i0 
4.228E-i0 
4.109E-i0 
4.208E-i0 
5. 709E-10 
4.010E-10 
4.089E-10 
4.267E-I0 
1. 628E-09

4.790E-17-1.OOE 
4.690E-17-1.OOOE 
4.270E-17-1.000E 
4.170E-17-1.O00E 
9.730E-17-1.000E 
4.330E-17-1.000E 
4.170E-17-1.OOOE 
4.590E-17-1.OOOE 
1.030E-14-1.OOE 

1,910E-16-1.000E 
1.850E-16-1.OOOE 
1.700E-16-1.OOO 
1,710E-16-1i.000E 
2.810E-16-1.O0OE 
1.790E-16-1.OOOE 
1.670E-16-1 .000E 
1.800E-16-1.OOO 
1.950E-15-1.OOOEK 

2.240E-15-1.OOOEK 
2.140E-15-1.O000E 
2.080E-15-1.OOOEK 
2.130E-15-1.OOOE 
2.890E-15-1.OOOE 
2.030E-15-1.OOOE 
2.070E-15-1.OOOE 
2.160E-15-1.OOOE

1.670E-09 2.650E-09 
2.320E-09 2.620E-09 
1.860E-09 2.950E-09 
1.700E-09 2.710E-09 
1.730E-09 2.740E-09 
2.190E-09 3.520E-09 
1.980E-09 3.040E-09 

0.000K O.O00E 

8.760E-09 1.390E-08 
7.840E-09 1.240K-08 
8.820E-09 1.270E-08 
8.300E-09 1.320E-08 
7.940E-09 1.260E-08 
7.930E-09 1.260E-08 
9.120E-09 1.450E-08 
8.630E-09 1.350E-08 
0.OOOE 0.O00E 

2.560E-12 1.560E-12 
2.460E-12 5.170E-13 
2.530E-10 3.890E-13 
3.410E-12 8.590E-13 
2.490E-12 4.380E-13 
2.400E-12 2.660E-13 
4.820E-1I 3.570E-IO 
4.640E-11 1.080E-i0 
O.O00E 0.000E 

4.300E-I0 9.960E-10 
2.870E-I0 1.590E-10 
1.660E-09 6.630E-11 
1.290E-09 4.390E-10 
2.410E-09 5.530E-10 
2.560E-10 5.250E-i1 
1.410E-09 7.370E-09 
1.010E-09 2.560E-09 
O.000E O.O00E

4.540E-10 
1.450E-10 
4.210E-09 
2.140E-10 
1.410E-1O 
6.870E-il 
2.120E-09 
1.310E-09

1. 340E-09 
1.800E-10 
4.010E-lI 
2.8 IOE-0 
9.770E-li 
6.400E-12 
6. 260E-09 
2. 280E-09

8.240E-15-1.OOOE 0.000E O.O00E

2.330E-15 7.315E-13 9.675E-13 4.740E-17-1.OOOE 1.010E-1I 3.'170E-12
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9.646E-i0 
9.224E-10 
8.802E-i0 
8.922E-I0 
1.278E-09 
9.163E-10 
8. 681E-0 
9.163E-i0 
1. 308E-09

000E 0.O00EI.OOOE N00E 0.O00E1.000E 

0OEK 0.O00EI.OOOE 
0OEK 0.OO0E1.O00E 
0ONE 0.000E1.O00E 
O00NE O.OOOE.OOOE 
ONE O.OE00E1.O0OE 
OOK O.0001E.000E 
OOK O.O0OE1.000E 

ONEO 0.000E1.000E 
tONE 0.000E1.000E 
O00E 0.000EI.OOOE 
D0OE O.OOOEI.OOOE 

DOOE 0.O00EI.OOOE 
OOE 0.OOOEI.OOOE 
OE 0O.OOOE1.OOOK 

O00E .OOOEI.OOOE 
OO0E 0.OOOE1.OOOE



2.640E-15 7.007E-13 
2.340E-15 6.713E-13 
2.310E-15 6.852E-13 
3.490E-15 9.923E-13 
2.390E-15 6.590E-13 
2.260E-15 6.682E-13 
2.390E-15 7.007E-13 
6.580E-14 1.667E-10 

1.400E-13 1.978E-11 
1.570E-13 1.885E-11

BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
La-142 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Ce-141 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Ce-143 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Ce-144 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Pr-143 
GONADS

1.846E-11 
1. 900E-1 1 
2.484E-11 
1.768E-11 
1.853E-11 
1. 916E-11 
9. 111E-lI 

2. 213E-12 
2. 170E-12 
1. 951E-12 
1.860E-12 
5. 166E-12 
2.003E-12 
1.894E-12 
2.118E-12 
3.788E-12 

7. 900E-12 
7.688E-12 
6.893E-12 
6. 787E-12 
1. 323E-11 
7.211E-12 
6.734E-12 
7.396E-12 
1 .058E-10

2.725E-15 6.328E-13 
3.129E-15 6.274E-13 
2.639E-15 5.228E-13 
2.507E-15 4.755E-13 
5.441E-15 1.646E-12 
2.753E-15 5.529E-13 
2.534E-15 5.086E-13 
2.773E-15 5.909E-13 
8.574E-14 7.648E-13

9.267E-13 4.540E-17-1.000E 9.8409-12 7.070E-13 
8.879E-13 4.350E-17-1.O00E 6.460E-10 2.720E-13 
9.063E-13 4.440E-17-1.000E 2.930E7ii 1.070E-12 
1.312E-12 6.430E-17-1.000E 1.200E-10 6.060E-13 
8.716E-13 4.270E-17-1.000E 9.400E-12 5.290E-14 
8.838E-13 4.330E-17-1.O00E 2.280E-101 1.240E-09 
9.267E-13 4.540E-17-1.000E 1.570E-10 3.740E-10 
2.204E-10 1.080E-14-].000E O.OOOE 0.000E

2.034E-11 
1. 938E-11 
1.898E-11 
1. 954E-11 
2.554E-11 
1.818E-11 
1.906E-11 
1.970E-11 
9.368E-11 

4.332E-11 
4 .247E-11 
3.820E-11 
3.641E-II 
1.011E-10 
3. 922E-11 
3.708E-11 
4.14 6E-11 
7. 416E-11 

4. 958E-11 
4 .825E-I1 
4 .325E-11 
4 .259E-11 
8.302E-11 
4.525E-11 
4 .226E-11 
4 .642E-11 
6.638E-10

2.540E-15-1.OOOE 1.660E-11 6.990E-11 
2.420E-15-1.OOOE 1.130E-11 1.540E-11 
2.370E-15-1.OOOE 3.010E-10 8.400E-12 
2.440E-15-1.OOOE 1.360E-11 1.930E-11 
3.190E-15-1.OOOE 1.110E-11 7.400E-12 
2.270E-15-1.OOOE 8.740E-12 1.160E-12 
2.380E-15-1.OOOE 8.070E-11 5.200E-10 
2.460E-15-1.OOOE 6.840E-11 1.790E-10 
1.170E-14-1.OOOE O.OOOE 0.OOOE 

7.710E-17-1.OOOE 5.540E-11 1.080E-10 
7.560E-17-1.OOOE 4.460E-11 1.110E-11 
6.800E-17-1.OOOE 1.670E-08 1.430E-12 
6.480E-17-1.OOOE 8.960E-11 3.390E-11 
1.800E-16-1.OOOE 2.540E-10 2.300E-11 
6.980E-17-1.OOOE 2.550E-11 1.800E-13 
6.600E-17-1.OOOE 1.260E-09 2.500E-09 
7.380E-17-1.OOOE 2.420E-09 7.830E-10 
1.320E-16-1.OOOE O.OOOE 0.OOOE

2.980E-16-1.OOOE 
2.900E-16-1.OOOE 
2.600E-16-1.OOOE 
2.560E-16-1.000E 
4.990E-16-1.OOOE 
2.720E-16-1.OOOE 
2.540E-16-1.00OE 
2.790E-16-1.000E 
3.990E-]5-1.OOOE

1.319E-11 6.088E-17-1.000E 
1.307E-11 5.922E-17-1.OOOE 
1.089E-11 5.362E-17-1.000E 
9.907E-12 5.247E-17-1.OOOE 
3.429E-11 1.127E-16-1.OOOE 
1.152E-11 5.418E-17-1.OOOE 
1.060E-11 5.283E-17-1.OOOE 
1.231E-11 5.766E-17-1.OOOE 
1.594E-11 1.250E-14-1.OOOE

7.530E-11 2.120E-10 
1.660E-11 2.320E-11 
3.880E-09 3.820E-12 
2.960E-11 5.070E-11 
1.640E-11 1.610E-11 
6.230E-12 4.350E-13 
1.420E-09 3.890E-09 
9.160E-10 1.230E-09 
O.OOOE O.OOOE 

2.390E-10 6.987E-11 
3.480E-10 1.223E-11 
7.911E-07 6.551E-12 
2.880E-09 8.923E-11 
4.720E-09 1.280E-10 
2.920E-10 5.154E-12 
1.910E-08 1.890E-08 
1.010E-07 5.711E-09 
0.OOOE 0.OOOE

2.130E-17 2.264E-14 4.032E-13 7.930E-19-1.OOOE 4.370E-18 8.990E-18

BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Nd- 147 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Np-239 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Pu-241 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR) 
Cm-242 
GONADS 
BREAST 
LUNGS 
RED MARR 
BONE SUR 
THYROID 
REMAINDER 
EFFECTIVE 
SKIN(FGR)

2.550E-17 
1. 860E-17 
1.620E-17 
5. 930E-17 
2. 050E-171 
1.760E-17 
2. 100E-17 
1.760E-14 

6. 130E-15 
7.120E-15 
5. 820E-15 
5. 400E-15 
1. 320E-14 
6. 120E-15 
5.530E-15 
6.190E-15 
1. 950E-14 

7.530E-15 
8.730E-15 
7. 180E-15 
6.500E-15 
2.000E-14 
7.520E-15 
6.760E-15

2.330E-14 
1.64 2E-14 
1. J93E-114 
5. 454E-'14 
1. 802E-.14 
1.642E-14 
2.002E-14 
5. 711E-11 

4.218E-12 
4. 132E-"12 
3. 648E-12 
3.505E-12 
8.265E-12 
3.876E-12 
3.562E-12 
3. 961E-12 
3. 135E-11

4. 149E-13 
2.923E-13 
2.659E-13 
9.711E-13 
3.208E-13 
2.923EL13 
3.564E-13 
1.017E-09 

7 .235E-11 
7.088E-11 
6.257E-11 
6.013E-11I 
1.418E-10 
6. 648E-11 
6. 111E-Il 
6.'795E-11I 
5.377E-10

4.6.91E-12 A.38QE-11I 
4.636E-12 4.329E-11 
4.115E-12 3.842E-11I 
4.005E-12 3.740E-11I 
1.O01E-11 9.349E-11I 
4.197E-12 3.919E-11I 
4.005E-12 3.740E-11I

7.690E-15 4.471E-12 4.175E-11I 
1.600E-14 7.215E-12 6.737E-11 

7.190E-20 6.653E-17 1.396E-15 
8.670E-20 7.229E-17 1.517E-15 
6.480E-20 4.090E-17 8.584E-16 
5.630E-20 4.003E-17 8.403E-16 
2.190E-19 1.385E-16 2.908E-15 
6.980E-20 4.522E-17 9.491E-16 
6.090E-20 4.291E-17 9.007E-16

8.160E-19-1.OOOE 2.220E-18 1.090E-18 
5.750E-19-1.000E 1.330E-08 1.910E-19 
5.230E-19-1. 00E 1.480E-11 1.030E-12 
1.910E-18-1.OOOE 1.490E-11 1.030E-12 
6.310E-19-1.OOOE 1.680E-18 2.660E-20 
5.750E-19-1.OOOE 1.970E-09 4.220E-09 
7.010E-19-1.000E 2.190E-09 1.270E-09 
2.O0OE-15-1.,OOE O.OOOE 0.000E.  

1.480E-16-1.000E 8.410E-11 1.790E-10 
1.450E-16-1.OOOE 3.450E-11 1.870E-11 

1.280E-16-1.OOOE 1.060E-08 2.440E-12 
1.230E-16-1.OOOE 9.190E-11 5.050E-11 
2.900E-16-1.OOOE 3.260E-10 2.220E-11 
1.360E-16-1.OOOE 1.820E-11 2.640E-13 
1.250E-16-1.OOOE 1.760E-09 3.760E-09 
1.390E-16-1.OOOE 1.850E-09 1.]80E-09 
1.100E-15-1.OOOE 0.OO0E O.OOOE

1.710E-16-1.OOOE 
1.690E-16-1.OOOE 
1.500E-16-1.OOOE 
1.460E-16-1.000E 
3.650E-16-1.O00E 
1.530E-16-1.000E 
1.460E-16-1.OOOE 
1.630E-16-1.OOOE 
2.630E-16-1.OOOE 

2.310E-21-1.OOOE 
2.510E-21-1.OOOE 
1.420E-21-1.OOOE 
1.390E-21-1.OOOE 
4.810E-21-1.000E 
1.570E-21-1.OOOE 
1.490E-21-1.000E

7.250E-20 5.558E-17 1.167E-15 1.930E-21-1.000E 
1.170E-19 2.033E-16 4.268E-15 7.060E-21-1.OOOE

7.830E-18 
1.480E-17 
1. 130E-18 
1.890E-18 
1.060E-17 
4.910E-18 
2.270E-18 
5.690E-18 
4. 290E-17

4. 893E-14 
6. 159E-14 
3.022E-15 
6.562E-15 
4.231E-14 
1. 261E-14 
1 .079E-14 
2. 751E-14 
2.700E-13

1.013E-12 
1.275E-12 
6.257E-14 
1. 359E-13 
8. 759E-13 
2. 610E-13 
2.235E-13 
5. 697E-13 
5.589E-12

1.700E-18-1.OOOE 
2.140E-18-1.OOOE 
1.050E-19-1.OOOE 
2.280E-19-1.OOOE 
1.470E-18-1.OOOE 
4.380E-19-1. 000E 
3.750E-19-1.000E 
9.560E-19-1.OOOE 
9.380E-18-1.000E

7.450E-11 1.620E-10 
1.630E-11 1.720E-11 
2.360E-09 2.400E-12 
2.080E-10 4.660E-11 
2.030E-09 3.590E-11 
7.620E-12 2.070E-13 

9.590E-10 2.770E-09 
6.780E-10 8.820E-10 
O.OOOE 0.000E 

2.760E-07 5.660E-11 
2.140E-11 2.790E-15 
3.180E-06 4.480E-15 
1.430E-06 2.780E-10 
1.780E-05 3.480E-09 
9.150E-12 1.010E-15 
6.020E-07 I.H50E-10 
1.340E-06 2.070E-10 
O.OOOE 0.0001 

5.700E-07 5.200E-09 
9.440E-10 8.950E-12 
1.550E-05 8.840E-12 
3.900E-06 3.570E-08 
4.870E-05 4.460E-07 
9.410E-10 8.820E-12 
2.450E-06 4.020E-08 
4.670E-06 3.100E-08 
0.000E 0.000E
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1.4420E-13 
1.420E-13 
1.950E-13 
1.450E-13 
1. 380E-13 
1.4 40E-13 
2. 160E-13 

3.380E-15 
3.930E-15 
3. 170E-15 
2.830E-15 
9.410E-15 
3.350E-15 
2. 980E-15 
3.430E-15 
1.020E-14 

1.280E-14 
1.470E-14 
1.230E-14 
1. 170E-14 
2.520E-14 
1.280E-14 
1. 170E-14 
1.290E-14 
3.960E-14



ATTACHMENT C 
RADTRAD FHA Input/Output File.- J16FHA96VTOO.O0

########N################N#################N##########################f 
RADTRAD Version 3.02 run on 5/17/2002 at 11:24:37 

File information N Nft# ffth###N ft NH N M H ft NNftN # Nf#HftN f NHftliftN HftH H HH N t t H#H H f N Nft#t #ftH #ftN ftN ftN

Plant file name 
Inventory file name 
Scenario file name 
Release file name = 
Dose conversion file name =

ft N 
I ft 

#NNN## 
# 
N 
#

N ft 
N N 

N ft 
N ft 

###NN ft

C:\Radtrad\Accept\Fitz Patrick\J16FHA96VTOO.psf 
c:\radtrad\defaults\jl.6fha200_def.txt 
C:\Radtrad\Accept\Fitz Patrick\Jl6FHA96VTOO.psf 
c:\radtrad\defaults\jafharft.rft 
c:\radtrad\defaults\jafhafgll&12.txt

ft 
N 
ft 
ft 
H 
N 
H

N N 
##l N 
NH N 

N N

#I N 
N H 
####H#H 
# 
ft 
ft

NI 
N 
N 
ft

#I 
H 
#I 
N

Nf####f 
H 
H 
N

I # H 
I # NI 

NUN# N

Radtrad 3.02 1/5/2000 
JAF FHA Occurring In Reactor Bldg With RB Vent Release, Pool DF = 200, 
Peaking Factor = 1.6, Decay Time - 96 Hrs, CR Normal Flow Rate -2,112 cfm, 
No SGTS Filtration, and Plant Vent Release @ 99,800 cfm 
Nuclide Inventory File: 
c:\radtrad\defaults\jl.6fha200_def.txt 
Plant Power Level: 
2.5870E+03 

Compartments: 
3 

Compartment 1: 
Reactor Building 

3 
2.6000E+06 

0 
0 
0 
0

0 
Compartment 2: 
Environment 

2 
0.OOOOE+00 

0 
0 
0 
0 
0 

Compartment 3: 
Control Room 

1.0100E+05 
0 
0 
0 
0 
0 

Pathways: 
3 

Pathway 1: 
Reactor Building to Environment 

1 
2 
2 

Pathway 2: 
CR Air Intake 

2 
3 
2 

Pathway 3: 
CR Exhaust to Environment 

3 
2 
2 

End of Plant Model File 
Scenario Description Name: 

Plant Model Filename: 

Source Term:
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# #
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CALCULATION CONTINUATION SHEET ISHEET No. 54 of 78

CALC. TITLE: Fuel Handling Accident - AST Analysis for Relaxation of 
Secondary Containment Operability

CALC. NO.: JAF-CALC-RAD-04410

ORIGINATOR/DATE

1 
1 I.O000E+00 

c:\radtrad\defaults\jafha fgll&12.txt 
c:\radtrad\defaults\jafha_rtt.rft 

9.6000E+01 
0 
0.0000E+00 5.70002E-0 4.3000E-01 1.0000E+00 

Overlying Pool: 
0 
0.0000E+00 
0 
0 
0 
0 

Compartments: 
3 

Compartment 1: 
0 
1 
0 
0 
0 
0 
0 
0 
0 

Compartment 2: 
0 
1 
0 
0 
0 
0 
0 
0 
0 

Compartment 3: 
1 
1 

0 
0 
0 
0 
0 
0 
0 

Pathways: 
3 

Pathway 1: 
0

0 
0 b 
0 

1 
3 
9.6000E+01 
9.8000E+01 
8.1600E+02 
0 
0 
0 
0 
0 
0 

Pathway 2: 
0 
0 
0 
0 
0 

2 
9.60002401 
8.1 600E+02 
0 
0 
0 
0 
0 
0 

Pathway 3: 
0 
0 
0 
0 
0 
1 
2 
9.6000E+01 
8.1600E+02 
0 
0 
0 
0 
0 
0 

Dose Locations: 
3 

Location 1:

9.9800E+04 
0.0000E+00 
O.O000E+00

O.O000E+00 
0.00006400 
0.OOOOEtOO

0.00002E+0 0.0000E+00 
0.6000E+00 0.0000E+00 
0.0000E+00 0.000E+00

2.1120E+03 0.0000E+00 0.0000E+00 0.0000E+00 
2.1120E+03 O.O000E+00 O.0000E+0 O.O0002E+00 

2.1120E+03 0.0000E+00 0.0000E+00 0.0000E+00 
2.1120E+03 O.0000E+00 0.0000E+00 0.0000E+00

I



Exclusion Area Boundary 
2 
1 
2 
9.6000E401 1.7900E-( 
8. 1600E+02 0. OOOOE+( 
1 
2 
9.6000E+01 3.5000E-( 
8.1600E+02 0.O00OE+( 
0 

Location 2: 
Low Population Zone 

2 
1
5 
9.6000E+01 
1.0400E+02 
1.2000E+02 
1.9200E+02 
8.1600E+02 
1 
4 
9.6000E+01 
1.0400E+02 
1.2000E+02 
8.1600E+02 
0 

Location 3: 
Control Room 

3 
0 
1

04 
ý00 

04 
00

2.OOOOE-05 
.1.3400E-05 

5.5900E-06 
1.6000E-06 
0.OOOOE+00 

3.5000E-04 
1.8000E-04 
2.3000E-04 
0.OOOOE+00

2 
9.6000E+01 3.500OE-04 
8.1600E+02 0.0000E+00 
1 

4 
9.6000E+01 1.OOOOE+00 
1.2000E+02 6.0000E-01 
1.9200E+02 4.0000E-01 
8.1600E+02 O.O000E+00 

Effective Volume Location: 
1 
6 
9.6000E+01 3.5200E-03 
9.8000E+01 3.3100E-03 
1.0400E+02 1.4300E-03 
1.2000E+02 7.7300E-04 
1.9200E+02 6.0700E-04

8. 1600E+02 O.OOOOE+00 
Simulation Parameters: , 

9.6000E+01 1.0000E-01 
9ý.8000E+01 5.0000E-O1 
1.0400E+02 1. 0000E00 

i I.2000E+02 2.00005E+Q0 
: 1.9200E+02 4.OOOE,+00 
8.1600E+02 O.OOOOE+00 

Output Filename: 
C: \Radtrad\Accept\Fitz Patrick\J16E•HA96VT00.o0" 

1 
1 
1 

0 
0 

End of Scenario File
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#########################1#######################################•#####• 
RADTRAD Version 3.02 run on 5/17/2002 at 11:24:37 

#######################k################################################ 

####################################################################### 

Plant Description ####1############K#######•###########1#############1#################### 

Number of Nuclides = 60 

Inventory Power = 1.OOOOE+00 MWth 

Plant Power Level - 2.5870E+03 MWth 

Number of compartments 3 

Compartment information 

Compartment number I (Source term fraction = 1.OOOOE+00 

Name: Reactor Building 
Compartment volume = 2.6000E+06 (Cubic feet) 
Pathways into and out of compartment 1 

Pathway to compartment number 2: Reactor Building to Environment 

Compartment number 2 
Name: Environment 
Pathways into and out of compartment 2 

Pathway to compartment number 3: CR Air Intake 
Pathway from compartment number 1: Reactor Building to Environment 
Pathway from compartment number 3: CR Exhaust to Environment 

Compartment number 3 
Name: Control Room 
Compartment volume = 1.0100E+05 (Cubic feet) 
Pathways into and out of compartment 3 

Pathway to compartment number 2: CR Exhaust to Environment 
Pathway from compartment number 2: CR Air Intake 

Total number of pathways = 3

•##########################i##,#######•#####•##########################Ny 
RADTRAD Version 3.02 run oh 5/17/2002 at i11:24:37 

#####H######N#########"#############•############,######################"# 

ý###########P########################################################f## 

ScenarioDescription 

Time between shutdown and -fitst release 9=.6000E+0l (Hours) 

Radioactive Decay is enabled 
RELEASE NAME = RG-1.183, Tables 3 Section 3.2 
Release-Fractions and Timings 

GAP EARLY IN-VESSEL 
0.0036 hrs 0.0000 hrs 

NOBLES 5.0000E-02 0.0000E+00 
IODINE 5.0000E-02 0.0000E+00 
CESIUM 1.2000E-01 0.OOOOE+00 
TELLURIUM 0.OOOOE+00 0.0000E+00 
STRONTIUM O.O000E+00 O.OOOOE+00 
BARIUM 0.O000E+00 0.OOOOE+00 
RUTHENIUM 0.OOOOE+00 0.OOOOE+00 
CERIUM 0.OOOOE+00 0.0000t+00 
LANTHANUM 0.OOOOE+00 0.OOOOE+00

Iodine fractions 
Aerosol 
Elemental 
Organic 

COMPARTMENT DATA 

Compartment number 

Compartment number 

Compartment number 

PATHWAY DATA

0.OOOOE+00 
5.7000E-01 
4 .3000E-01 

1: Reactor Building 

2: Environment 

3: Control Room

Pathway number 1: Reactor Building to Environment 

Pathway Filter: Removal Data

Time (hr) 

9. 6000E+01 
9.8000E#01

Flow Rate 
(cfm) 

9.9800E+04 
0.OOOOE+00

Filter Efficiencies (%) 
Aerosol Elemental Organic 

0.OOOOE+00 O.OOOOE+00 O.OOOOEtOO 
0.OOOOE±00 O.OOOOE+00 0.0000E+O0



8.1600E+02 0.0000E+00 0.0000E+00 O.0000E+00 0.0000E+00 

Pathway number 2: CR Air intake 

Pathway Filter: Removal Data

Time (hr) Flow Rate 

(cfm) 
9.6000E+01 2.1120E+03 
8.1600E+02 2.1120E+03

Filter Efficiencies (%) 
Aerosol Elemental Organic 

O.0000E+00 O.0000E+00 0.0OOOE00 
0.0000E+00 0.0000+E00 0.0000+E00

Pathway number 3: CR Exhaust to Environment 

Pathway Filter: Removal Data

Time (hr) Flow Rate 
(cfm) 

9.6000E+01 2.1120E+03 
8.1600E+02 2.1120E+03 

LOCATION DATA 
Location Exclusion Area Bounc

Location X/Q Data 
Time (hr) 
9.6000E+01 
8.1600E+02

Filter Efficiencies (%) 
Aerosol Elemental Organic 

0.0000E÷00 0.0000E+00 0.OOOOE+00 
0.00008+00 0.0000E+00 0.0000E÷00

is in compartment 2

X/Q (s * m^-3) 
1.7900E-04 
0.0000+E00

Location Breathing Rate Data 
Time (hr) Breathing Rate (m^3 * sec^-l) 

9.6000E+01 3.5000E-04 
8.1600E+02 0.0000E+00 

Location Low Population Zone is in compartment 2

Location X/Q Data 
Time (hr) X/( 
9.6000E+01 
1.0400E+02 
1.2000E+02 
1.9200E+02 
8.1600E+02 

Location Breathing Rat 
Time (hr) BrE 
9.6000E+01 
1.0400E+02 
1.2000E+02 
8.1600E+02 

Location Control Room

Q (s * m^-3) 
2.0000E-05 
1.3400E-05 
5.5900E-06 
1.6000E-06 
0.0000E+00 

te Data 
eathing Rate (m^3 * sec^-]) 

3.5000E-04 
1.8000E-04 
2.3000E-04 
0.0000E+00 

is in compartment 3

Location X/Q Data 
Time (hr) X/q (s,*-Wm.3) 

9.6000E+01 3.5209E8-i3 
9.8000E+01 3.3100E-03 

S 1.04008+021.0E03, 

1.2000E+02 7.7306E104 
1.9200E÷02 6.0700E-04 
8.1600E+02 0 'OO000E.p;00 

Location Breathing Rate Data .1 
Time (hr) !Bfeathing R6te (mW3 sec'-l) 
9.6000E+01 31.5000E-04 
8.1600E+02 0 .0000E00 

Location Occupancy Factor Data 
Time (hr) Occupancy Factor 
9.6000E801 1.0000E+00 
1.2000E+02 6.0000E-01 
1.9200E+02 4.0000E-01 
8.1600E+02 0.0000t+00 

USER SPECIFIED TIME STEP DATA - SUPPLEMENTAL TIME STEPS 
Time Time step 

0.OOOOE+00 I.OOOOE-01 
2.0000E+00 5.0000E-01 
8.0000E+00 1.O000E+00 
2.4000E+01 2.0000E+00 
9.6000E+01 4.0000E+00 
7.2000E+02 0.0000÷+00
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################################i#################i#################### 
RADTRAD Version 3.02 run on 5/17/2002 at 11:24:37 

#######################################################################

if ftftft 
if if 
if if 
if if 
if if 
ft if 
ififif ft

if i 
ft i 
#t # 
#t # 
if # 
if ft 

#### i i

ififfif# if#ft## 
#f #f i 
if #i 
ft if##ff# 
ft ft 
ft ft 
ft f

if 
if 
if 
ft

####if

if if####f 
if ft 
#f # 
if f 
ft f 
# ft 

ft

Dose, Detailed model and Detailed Inventory Output 

###########################E##############o######################### 

Exclusion Area Boundary Doses:

Time (h) = 96.0036 Whole Body Thyroid 
Delta dose (rem) 1.1581E-04 3.2527E-02 
Accumulated dose (rem) 1.1581E-04 3.2527E-02

TEDE 
I. 1070E-03 
1. 1070E-03

Low Population Zone Doses: 

Time (h) = 96.0036 Whole Body Thyroid TEDE 
Delta dose (rem) 1.2940E-05 3.6344E-03 1.2368E-04 
Accumulated dose (rem) 1.2940E-05 3.6344E-03 1.2368E-04 

Control Room Doses: 

Time (h) = 96.0036 Whole Body Thyroid TEDE 
Delta dose (rem) 1.6771E-07 1.1244E-03 3.4429E-05 
Accumulated dose (rem) 1.677]E-07 1.1244E-03 3.4429E-05 

Control Room Compartment Nuclide Inventory:

Time (h) = 96.0036 
Kr-85 
Kr-85m 
1-130 
1-131 
1-133 
1-135 
Xe-131m 
Xe-133 
Xe-133m 
Xe-135

Ci 
6.8910E-03 
2.6587E-08 
2.6760E-07 
1.6627E-03 
1.2510E-04 
1.2294E-07 
1.3972E-03 
3.6328E-01 
7.2382E-03 
5.2687E-05

kg 
1.7564E-08 
3.2307E-18 
1.3721E-16 
1.3411E-11 
1. 1043E-13 
3.5006E-17 
1.6681E-11 
1.9408E-09 
1.6131E-11 
2.0631E-14

Atoms 
1.2444E+17 
2.2889E+07 
6.3559E+08 
6.1653E+13 
5.0003E+11 
1.5616E+08 
7.6682E+13 
8.7877E+15 
7.3041E+13 
9.2033E+10

Bq 
2.5497E+08 
9.8372E+02 
9.9011E+03 
6.1519E+07 
4.6287E+06 
4.5486E+03 
5. 1696E+07 
1.3441E+10 
2.6781E+08 
1.9494E+06

Control Room Transport Group Inventory:

Time (h) = 96.0036 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg) 

Time (h) = 96.0036 
Noble gases (atoms) 
Elemental I (atoms) 
Organic T (atoms) 
Aerosols (kg)

Atmospher&l 
1. 3338E+17 

S3.54P8E÷13i 
S2.6726E+13 

O.O0000+00 

Deposition 
Surfaces 

o. 0000E'+00 
0.0000E+00 
0.0000E+00 
0.0000E+00

Sump 
0.0000E+00 
0.OOOE+00 
0.O000E+00 
0.OOOOE+00

Overlying 
Pool 

0.0000E+00 
0.00006E+00 
0.0000E+00 
0.0009E+00

Recirculating 
Filter 

O.0000E+00 
O.OOOOE+00 
O.0000E+00 
O.0000E+00

CR Air Intake Transport Group Inventory:

Time (h) - 96.0036 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

0.OOOOE+00 
0.0000E+00 
0.O000E+00 
O.O000E+00

CR Exhaust to Environment Transport Group Inventory:

Time (h) = 96.0036 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

O.0000E+00 
0.OOOOE+00 

0.0000E+00 
0.0000E+00

Exclusion Area Boundary Doses: 

Time (h) = 98.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 2.7640E-02 7.7682E+00 2.6434E-01 
Accumulated dose (rem) 2.7756E-02 7.8008E+00 2.6545E-01 

Low Population Zone Doses:

Time (h) = 98.0000 Whole Body Thyroid 
Delta dose (rem) 3.0883E-03 8.6796E-01 
Accumulated dose (rem) 3.1012E-03 8.7160E-01

TEDE 
2.9536E-02 
2.9659E-02

Control Room Doses: 

Time (h) = 98.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 1.9116E-02 1.2836E+02 3.9302E+00 
Accumulated dose (rem) 1.9116E-02 1.2836E+02 3.9302E+00
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Control Room Compartment Nuclide Inventory:

Time (h) = 98.0000 
Kr-85 
Kr-85m 
Kr-88 
1-130 
1-131 
1-133 
1-135 
Xe-131m 
Xe-133 
Xe-133m 
Xe-135

Ci 
2. 6364E-01 
7.4690E-07 
3.1970E-10 
9. 1538E-06 
6.3159E-02 
4.4782E-03 
3.8150E-06 
5.3198E-02 
1.3747E+01 
2.6973E-01 
1.7311E-03

kg 
6.7199E-07 
9.0759E-17 
2.5496E-20 
4.6934E-15 
5.0945E-10 
3.9532E-12 
1.0863E-15 
6.3511E-10 
7.3442E-08 
6.0113E-10 
6.7788E-13

Control Room Transport Group Inventory:

Time (h) = 98.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg) 

Time (h) = 98.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Atmosphere 
5.1030E+18 
1.3555E+15 
1.0225E+15 
O.O000E+00

Sump 
O.0000E+00 
0.0000E+00 
O.O000E+00 
0.0000±E00

Atoms 
4.7610E+18 
6.4301E+08 
1.7448E+05 
2.1742E+10 
2.3420E+15 
1.7900E+13 
4.8460E+09 
2.9196E+15 
3.3254E+17 
2.7219E+15 
3.0239E+12 

Overlying 
Pool 

0.O000E+00 
O.0000E+00 
O.0000E+00 
0.0000E+00

: Bq 
9.7549E+09 
2.7635E+04 
1.1829E+01 
3.3869E+05 
2.3369E+09 
1.6569E+08 
1.4116E+05 
1.9683E+09 
5.0864E+21 
9.9800+E09 
6.4052E+07

Deposition Recirculating 
Surfaces Filter 

0.0000E+00 0.000E+00 
0.0000E+00 0.0000E+00 
0.0000+E00 0.0000E+00 
0.0000E+00 O.0000E+00

CR Air Intake Transport Group Inventory:

Time (h) = 98.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

O.O000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00

CR Exhaust to Environment Transport Group Inventory:

Time (h) = 98.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

O.O000E+00 
0.0000E+00 
0.O000E+00 
O.O000E+00

Exclusion Area Boundary Doses: 

Time (h) = 1.04.0000 Whole Body Thyroid 
Delta dose (rem) l.5322E-Q 'I[. 24.7E-03 
Accumulated dose (rem) 2.7771E-02" 7.8051E+00 

Low Population Zone Doses:

TEDE 
1.4709E-04 
2.6560E-01

Time (h) = 104.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 1.7120E-06 4.8321E-04 1.6435E-05 
Accumulated dose (rem) 3.1030E-03 8.7208E-01 2.9676E-02 

Control Room Doses: 

Time (h) = 304.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 3.6023E-03 2.4271E+01 7.4311E-01 
Accumulated dose (rem) 2.2718E-02 1.5263E+02 4.6733E+00 

Control Room Compartment Nuclide Inventory:

Time (h) = 104.0000 
Kr-85 
Kr-85m 
1-130 
1-131 
1-133 
1-135 
Xe-131m 
Xe-133 
Xe-133m 
Xe-135

Ci 
1.4536E-04 
1.6276E-10 
3.605iE-09 
3.4082E-05 
2.0217E-06 
1.1212E-09 
2.8908E-05 
7.3335E-03 

1.3740E-04 
6.0406E-07

kg 
3.7051E-10 
1.9778E-20 
1.8485E-18 
2.7491E-13 
1.7847E-15 
3.1928E-19 
3.4513E-13 
3.9178E-11 
3.0621E-13 
2.3654E-16

Control Room Tiansport Group Inventory:

Time (h) = 104.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg) 

Time (h) = 104.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Atmosphere 
2.8137E+15 
7.4737E+I1 
5.6381E+11 
0.00002E00 

Deposition 
Surfaces 

0.O000E+00 
0.0000E+00 
O.O000E+00 
0.0000E+00

Sump 
O.O000E+00 
0.0000+E00 
O.O000E+00 
O.00002E00

Atoms 
2.6250E+15 
1.4012E+05 
8.5628E+06 
1.2638E+12 
8.0809E+09 
1.4242E+06 
1.5866E+12 
1.7740E+14 
1.3865E+12 
1.0552E+09 

Overlying 
Pool 

0.O0000E+00 
0.0000E+00 
O.0000E+00 
O.0000E+O0

Bq 
5.3784E+06 
6.0222E+00 
1.3339E+02 
1.2610E+06 
7.4803E+04 
4.1486E+01 
1.0696E+06 
2.7134E+08 
5.0838E+06 
2.2350E+04

Recirculating 
Filter 

O.O000E+00 
0.0000E+00 
0.00000E+0 
0.0000E+00

CR Air Intake Transport Group Inventory:
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Time (h) = 104.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

0.OOOOE+00 
0.0000E+00 
0.OOOOE+00 
O.OOOOE+00

CR Exhaust to Environment Transport Group Inventory:

Time (h) = 104.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

0.OOOOE+00 
0.OOOOE÷00 
O.OOOOE+00 
0.OOOOE+00

Exclusion Area Boundary Doses: 

Time (h) = 120.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 8.1527E-09 2.3263E-06 7.9023E-08 
Accumulated dose (rem) 2.7771E-02 7.8051E+00 2.6560E-01 

Low Population Zone Doses: 

Time (h) = 120.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 6.1031E-10 8.9561E-08 3.3:388E-09 
Accumulated dose (rem) 3.1030E-03 8.7208E-01 2.9676E-02 

Control Room Doses: 

Time (h) = 120.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 1.9173E-06 1.3059E-02 3.9975E-04 
Accumulated dose (rem) 2.2720E-02 1.5264E+02 4.6737E+00 

Control Room Compartment Nuclide Inventory:

Time (hi - 120.0000 
Kr-85 
Xe-133

Ci kg Atoms Bq 
2.8615E-13 7.2935E-19 5.1673E+06 1.0588E-02 
1.3220E-11 7.0628E-20 3.1980E+05 4.8915E-01

Control Room Transport Group Inventory:

Time (h) = 120.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Atmosphere Sump 
5.5395E+06 0.OOOOE+00 
1.4714E+03 0.OOOOE+00 
1.1I00E+03 0.OOOOE+00 
0.O000E+O0 0.OOOOE+00

Overlying 
Pool 

0.OOOOE+00 
0.OOOE+00 
0.0000E+00 
O.OO0OE+O0

Time (h) = 120.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

SuFfaces 
0.OOOOE+00 
0.OOOOE+00 
0.OOOOE+00 
0.ooooE+*0

.Filter 
000oo0dE+00 
0.OOOOE+00 
0,OOOE+00 
0!OOOOE+00

CR Air Intake Transport Group Inventory:

Time (h) = 120.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Fliter 

0.OOOOE+00 
0.OOOOE+00 
0.OOOOE+00 
0.OOOOE+00

CR Exhaust to Environment Transport Group Inventory:

Time (h) = 120.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

0.OOOOE+00 
0.OOOOE+00 
0.OOOOE+00 
0.O000E+00

Exclusion Area Boundary Doses: 

Time (h) = 192.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 1.4703E-17 4.3148E-15 1.4612E-16 
Accumulated dose (rem) 2.7771E-02 7.8051E+00 2.6560E-01 

Low Population Zone Doses:

Time (h) = 192.0000 
Delta dose (rem) 
Accumulated dose (rem)

Whole Body Thyroid TEDE 
4.5917E-19 8.8549E-17 3.1562E-18 
3.1030E-03 8.7208E-01 2.9676E-02

Control Room Doses: 

Time (h) = 192.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 3.0576E-15 2.1419E-11 6.5543E-13 
Accumulated dose (rem) 2.2720E-02 1.5264E+02 4.6737E+00 

Control Room Compartment Nuclide Inventory:

Time (h) = 192.0000 Ci kg Atoms

Control Room Transport Group Inventory:

Time (h) = 192.0000 Atmosphere
Overlying 

Pool
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Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg) 

Time (h) = 192.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

3.4803E-33 
9.2444E-37 
6.9739E-37 
O.OOOOE+00 

Deposition 
Surfaces 

0.OOOOE+00 
O.OOOOE+00 
O.OOOOE+00 
O.OOOOE+00

0.OOOOE+00 0.OOOOE+00 
0.OOOOE+00 0.OOOOE+00 
O.00OOE+00 0.OOOOE+00 
O.00OOEiOO 0.O00OOE40

Recirculating 
Filter 

0.OOOOE+00 
0.OOOOE+00 
0.OOOOE+00 
0.OOOOE+00

CR Air Intake Transport Group Inventory:

Time (h) = 192.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

O.OOOOE+00 
0.OOOOE+00 
O.OOOOE+00 
O.OOOOE+00

CR Exhaust to Environment Transport Group Inventory:

Time (h) = 192.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

0.OOOOE+00 
0.OOOOE+00 
0.OOOOE+00 
0.OOOOE+00

Exclusion Area Boundary Doses: 

Time (h) = 816.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 6.2186E-57 2.0827E-54 6.9629E-56 
Accumulated dose (rem) 2.7771E-02 7.8051E+00 2.6560E-01 

Low Population Zone Doses: 

Time (h) = 816.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 5.5585E-59 1.2233E-56 4.2805E-58 
Accumulated dose (rem) 3.1030E-03 8.7208E-01 2.9676E-02 

Control Room Doses: 

Time (h) = 816.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 1.4842E-54 1.1866E-50 3.6275E-52 
Accumulated dose (rem) 2.2720E-02 1.5264E+02 4.6737E+00

Control Room Compartment Nuclide Inventory:

Time (h) = 816.0000 Ci kg Atoms

Control Room Transport Group Inventpry:

Time (h) = 816.0000 
Noble gases (atoms) 
Elemental I! (atoms) 
Organic I (atoms) 
Aerosols (kg) 

Time (h) = 816.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Atmosphere 
0.OOOOE+00 
0.OOOOE+00 
0.00OOE+00 
0O.000EtO0

: ýump 
0.OOOOE+00 
0.0000E-00 
b.0000E+O0 
0.OOOOE+00

Deposition Recirculating 
Surfaces Filter 
0.OOOOE+00 O.OOOOE+00 
0.OOOOE+00 0.OOOOE+00 
0.OOOOE+00 0.OOOOE+00 
0.OOOOE+00 0.OOOOE+00

CR Air Intake Transport Group Inventory:

Time (h) = 816.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

0.OOOOE+00 
O.OOOOE+00 
O.OOOOE+00 

O.OOOOE+00

CR Exhaust to Environment Transport Group Inventory:

Time (h) = 816.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic i (atoms) 
Aerosols (kg) 

334

Pathway 
Filter 

0.OOOOE+00 
0.OOOOE+00 
0.0000E+00 
0.OOOOE+00

Bq

Overlying 
Pool 

0.OOOE+00 
O.OOOOE+00 
0. O00bE+oo 
0.0000E+00



1-131 Summary

Reactor Building 
1-131 (Curies) 

1.7705E+01 
I. [4l433E02 

4.5819E+01 
2.2936E+01 
I.4. 114H F 10 1 
-. 1411Et00 

2.8768E+00 
1.4401E+00 
1.1434Et-00 
1.1422E+00 
1.1410E+00 
1.1397E+00 
1.1385E200 
1.1373Ei00 
1.13612E00 
1.1348E+00 
1.1336E+00 
1.1324E+00 
I.1312E+00 
1.1299E200 
1.1287E200 
I].l:"/l!,E 100 
I.126.3E00 
1.1251E200 
1.1239E+00 
1.1227E+00 
1.1215E+00 
1.1202E+00 
1.1190E+00 
1.1178E+00 
1.1166E+00 
1.1154E+00 
1.1142E+00 
1.1130E+00 
1.1118E+00 
1.1106E+00 
1.1094E+00 
1.0565E+00 
8.1575E-01 
8.6712E-02

Environment 
1-131 (Curies) 

1.1329E-02 
4.7460E-01 
6.8921E401 
9.1837E+01 
].0134E.02: 
1.0912E 102 
1.1203E+02 
1.1349E+02 
1.1380E+02 
1.1382E+02 
1.1383E+02 
1.1384E+02 
1.1384E+02 
1.1385E+02 
1.1385E+02 
1.1385E+02 
1.1386E+02 
1.1386E+02 
1.1386E+02 
1.1386E+02 
1.1386E+02 
1.1 38 ()3.1) 

1.1386E402 
1.1386E+02 
1.1386E+02 
1.1386E+02 
1.1386E+02 
1.1386E+02 
1.1386E+02 
1.1386E+02 
1.1386E+02 
1.1386E+02 
1.1386E+02 
1.1386E+02 
1.1386E+02 
1.1386E+02 
1.1386E+02 
1.1386E+02 
1.1386E+02 
1.1386E+02

Control Room 
1-131 (Curies) 

3.9740E-05 
1.6627E-03 
1.8314E-01 
1.9111E-01 
1 .6'1) 3.-01 
1.2892E-01 
9.6702E-02 
7.0491E-02 
6.3159E-02 
4.3355E-02 
2.9761E-02 
2.0429E-02 
1.4023E-02 
9.6262E-03 
6.6078E-03 
4.5359E-03 
3.1136E-03 
2.1373E-03 
1.4672E-03 
1.0071E-03 
6.9133E-04 
4.7 456K-04 
3.2576E-04 
2.2362E-04 
1.5350E-04 
1.0537E-04 
7.2329E-05 
4.9650E-05 
3.4082E-05 
2.3379E-05 
1.6037E-05 
1.1001E-05 
7.5460E-06 
5.1762E-06 
3.5507E-06 
2.4356E-06 
1.6707E-06 
6.3351E-14 
3.0731E-53 
0.0000E+00

Cumulative Dose Summary

Exclusion Area Bounda
TEDE 
(rem) 

2.6424E-05 
1.1070E-03 
1.6079E-01 
2.1425E-01 
2.4101E-01 
2.5455E-01 
2.6132E-01 
2.6474E-01 
2.6545E-01 
2.6550E-01 
2.6553E-01 
2.6555E-01 
2.6556E-01 
2.6557E-01 
2.6558E-01 
2.65592-01 
2.6559E-01 
2.6559E-01 
2.6559E-01 
2.6559E-01 
2. 6560E-01 
2.6560E-01 
2.6560E-01 
2.6560E-01 
2.6560E-01 
2.6560E-01 
2.6560E-01 
2.6560E-01 
2.6560E-01 
2.6560E-01 
2.6560E-01 
2.6560E-01 
2.6560E-01 
2.6560E-01 
2.6560E-01 
2.6560E-01 
2.6560E-01 
2.6560E-01 
2.6560E-01 
2.6560E-01

Time Thyroid 
(hr) (rem) 
96.001 7.7645E-04 
96.004 3.2527E-02 
96.400 4.7250E+00 
96.100 6.G.'1582+00 
9'1.0 00 4 ,kI.CE .00 
97.300 7.4803E+00 
97.600 7.6795E+00 
97.900 7.1799E+00 
98.000 7.8008E+00 
98.300 7.8021E+00 
98.600 7.8031E+00 
98.900 7.8037E+00 
99.200 7.8041E+00 
99.500 7.8044E+00 
99.800 7.8047E+00 

100.100 7.8048E+00 
100.400 7.8049E+00 
100.700 7.8050E+00 
101.000 7.8050E+00 
101.300 7.8050E200 
101.m00 1 .,05I1 E00 
101.900(1 7.H0I5 1E0(0 
102.200 7.80512E00 
102.500 7.8051E+00 
102.800 7.8051E+00 
103.100 7.8051E+00 
103.400 7.8051E+00 
101.700 7.8051E+00 
104.000 7.8051E+00 
104.300 7.8051E+00 
104.600 7.8051E+00 
104.900 7.8051E+00 
105.200 7.8051E+00 
105.500 7.8051E+00 
105.800 7.8051E+00 
106.100 7.8051E+00 
106.400 7.8051E+00 
120.000 7.8051E+00 
192.000 7.8051E+00 
816.000 7.8051E+00

Low.Popula 
Thyroid 

(rem) 
8.6754E-05 
3.6344E-03 
5.2794E-01 
7.0345E-01 
/.qLA53E-Ol 
8.3578E-01 
8.5804E-01 
8.6926E-01 
8.7160E-01 
8.7175E-01 
8.7185E-01 
8.7192E-01 
8.7197E-01 
8.7201E-01 
8.7203E-01 
8.7204E-01 
8.7205E-01 
8.7206E-01 
8.7207E-01 
8.72072-01 
8.7207W-01 
8.7208E-01 
8.7208E-01 
8.7208E-01 
8.7208E-01 
8.7208E-01 
8.7208E-01 
8.7208E-01 
8.7208E-01 
8.7208E-01 
8.7208E-01 
8.7208E-01 
8.7208E-01 
8.7208E-01 
8.7208E-01 
8.7208E-01 
8.7208E-01 
8.7208E-01 
8.7208E-01 
8.7208E-01

ation Zone Control Room
TEDE Thyroid 
(rem) (rem) 

2.9524E-06 5.3202E-06 
1.2368E-04 1.1244E-03 
1.7966E-02 2.2188E+01 
2.3938E-02 4.9860E-01 

:.0)3!, '-02 "1.570 *1t01 
2.8441E-02 9.6878E+01 

2.9198E-02 1.1313E+02 
2.9580E-02 1.2514E+02 
2.9659E-02 1.2836E+02 
2.9664E-02 1.3597E+02 
2.9668E-02 1.4120E+02 
2.9670E-02 1.4479E+02 
2.9672E-02 1.4725E+02 
2.9673E-02 1.4894E+02 
2.9674E-02 1.5010E+02 
2.9674E-02 1.5090E+02 
2.9675E-02 1.5145E+02 
2.9675E-02 1.5182E+02 
2.9675E-02 1.5208E+02 
2.9675E-02 1.5226E+02 
2.9675q-02 1.5238,+02 
2.9676E-02 1.5246E+02 
2.9676E-02 1.5252E+02 
2.9676E-02 1.5256E+02 
2.9676E-02 1.5258E+02 
2.9676E-02 1.5260E+02 
2.9676E-02 1.5262E+02 
2.9676E-02 1.5262E+02 
2.9676E-02 1.5263E+02 
2.9676E-02 1.5263E+02 
2.9676E-02 1.5264E+02 
2.9676E-02 1.5264E+02 
2.9676E-02 1.5264E+02 
2.9676E-02 1.5264E+02 
2.9676E-02 1.5264E+02 
2.9676E-02 1.5264E+02 
2.9676E-02 1.5264E+02 
2.9676E-02 1.5264E+02 
2.9676E-02 1.5264E+02 
2.9676E-02 1.5264E+02

CALCULATION CONTINUATION SHEET SHEET No. 62 of 78 

CALC. TITLE: Fuel Handling Accident - AST Analysis for Relaxation of 
*Secondary Containment 0perabilit, 

CALC. NO.: JAF-CALC-RAD-04410 REVISION NO. 0 

ORIGINATOR/iDATE G. Patel REVIEWR/DATE M. Drucker 
05/23/02 05/24/02

Time (hr) 
96.001 
96.004 
96.400 
96.700 
'17.000 
17.300 
97.600 
97.900 
98.000 
98.300 
98.600 
98.900 
99.200 
99.500 
99.800 

100.100 
100.400 
100.700 
101.000 
101.300 
101.600 
101.900 
102.200 
102.500 
102.800 
103.100 
103.400 
103.700 
104.000 
104.300 
104.600 
104.900 
105.200 
105.500 
105.800 
106.100 
106.400 
120.000 
192.000 
816.000

T E!' 
(rt.:,a 

1. 629 ';:-07 
3.44-',::-05 
6. 79'-' -01 
1. 526: :.00 
2. 9l6 :00 
2. 966 'E+03 

3.463.E+00 
3.831'7.00 
3.930 'E+00 
4. 1634F-'.+00 
4. 323 E+00 
4. 433',6±÷00 
4. 508'C/::±00 
4.560r.'+00 
4. 596;E+00 
4.6204E+00 
4.637iE+00 
4.648tE+00 
4.656'w'+00 
4.661,*,00 
4.665, ,00 
4.668. K00 
4. 669it.+00 
4.671!E+00 
4.671("6+00 
4.672 .+00 
4.672.4E+00 
4.673.- +00 
4.6737 '+00 
4.673',E+00 
4.6736E£+00 
4.6736E*00 
4.673 2E+00 
4.673 +E*00 
4.673"E+00 
4 .6737E+00 
4.673.E+00 
4.6737E200 
4.6737E+00 
4.673'E+00



Worst Two-Hour Doses 
Note: All of the dose locations are shown below but the 

worst two-hour dose is only meaningful for the EAB 
dose location. Please disregard the two-hour worst 
doses fot the other dose locations

Exclusion Area Boundary 
Time Whole Body 
(hr) (rem) 
96.0 2.7753E-02 

Low Population Zone 
Time Whole Body 
(hr) (rem) 
96.0 3.1009E-03

Control 
Time 
(hr) 

96.0

Room 
Whole, lily 

(Iem) 
1.9116E-02

Thyroid TEDE 
(rem) (rem) 

7.80OOEt00 2.6542E-01 

Thyroid TEDE 
(rem) (rem) 

8.7151E-01 2.9656E-02 

Thyroid TE'DE 
(rem) (rem) 

1.2836E+02 3.9302E+00



ATTACHMENT D

RADTRAD Nuclide Inventory File - JAFTIDLOCAdef

Nuclide Inventory 
Name: JAF TID Core 
Inventory For LOCA 
TID-14844 Example 

Normalized Core 
Inventory 
Power Level: 

0.1000E+01 
Nuclides: 

14 
Nuclide 001: 
1-131 

2 
0.6946560000E+06 
0.1310E+03 
0.2631E+05 

Xe-131m 0.1100E-01 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 002: 
1-132 

2 
0.8280000000E+04 
0.1320E+03 
0.3845E+05 

none 0.OOOOE+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 003: 
1-133 

2 
0.7488000000E+05 
0.1330E+03

0.5502E+05 
Xe-133m 0.2900E-01 
Xe-133 0.9700E+00 
none 0.0000E+00 
Nuclide 004: 
1-134 

2 
0.3156000000E+04 
0.1340E+03 
0.6055E+05 

none 0.OOOOE+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 005: 
1-135 

2 
0.2379600000E+05 
0.1350E+03 
0.5196E+05 

Xe-135m 0.1500E+00 
Xe-135 0.8500E+00 
none 0.OOOOE+00 
Nuclide 006: 
Xe-131m 

1 
0.1028160000E+07 
0.1310E+03 
0.1582E+03 

none 0.OOOOE+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 007: 
Xe-133m 

1 
0.1890432000E+06

0. 1330E+03 
0.2305E+04 

Xe-133 0.1000E+01 
none 0.OOOOE+00 
none 0.0000E+00 
Nuclide 008: 
Xe-133 

1 
0.4531680000E+06 
0.1330E+03 
0.5529E+05 

none 0.OOOOE+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 009: 
Xe-135m 

1 
0.9174000000E:+03 
0.1350E+03 
0.1042E+05 

Xe-135 0.1000E+01 
Cs-135 0.4500E-04 
none 0.OOOOE+00 
Nuclide 010: 
Xe-135 

1 
0.3272400000E+05 
0.1350E+03 
0.7141E+04 

Cs-135 0.1000E+01 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 011: 
Kr-83m 

I

0.6588000000E+04 
0.8300E+02 
0.3137E+04 

none 0.OOOOE+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 012: 
Kr-85m 

1 
0.1612800000E+05 
0.8500E+02 
0.6735E+04 

Kr-85 0.2100E+00 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 013: 
Kr-87 

1 
0.4578000000E+04 
0.8700E+02 
0.1292E+05 

Rb-87 0.1000E+01 
none 0.OOOOE+00 
none 0.OOOOE+00 
Nuclide 014: 
Kr-88 

1 
0.1022400000E+05 
0.8800E+02 
0.1830E+05 

Rb-88 0.1000E+01 
none 0.OOOOE+00 
none 0.OOOOE+00 

End of Nuclear 
Inventory File



RADTRAD TID LO 

RADTRAD Version 3.02 run on 4/01/2002 at 11:28:46 

File information 

Plant file name = C:\Radtrad\Accept\Fitz Patrick\FPTIDCLOO.psf 
Inventory file name = C:\Radtrad\Defaults\JAFTIDLOCADEF.txt 
Scenario file name = C:\Radtrad\Accept\Fitz Patrick\FPTIDCLOO.psf 
Release file name = c:\radtrad\defaults\tid-def.rft 
Dose conversion file name = c:\radtrad\defaults\tid_30.inp 

##### "### ##0## # # # R#### H # #####f 
# # H 0 0 0 0# 9 0 A # ff# ft# 9 # # 0 # ##ft ft f ffttfft f f H ftt0 f 

H### 0 #### ###H A D# 0 #####N # 0 

#t f t f ft# # f f #tf f t # ## #ftft #t f 
ft0t f ft# tt# t f#f f

Radtrad 3.02 1/5/2000 
Fitz Patrick Cont leakage 2.75 
Nuclide Inventory File: 
C:\Radtrad\Defaults\JAFTIDLOCA 
Plant Power Level: 
2.5870E+03 

Compartments: 
3 

Compartment 1: 
Prim Cont 

3 
2.6400E+05 

0 
0 
0 
0 
0 

Compartment 2: 
Environment 

2 
O.OOOOE+00 

0 
0

cfm TID Analysis, 

DEF.txt

DMPR-105 Closes @ 12 SUrs

ATTACHMENT E 
)CA Input/Output File - FPTIDCLO0.O0 O 

0 

0 

Compartment 3: 
Control Room 

1 
1.0100E405

0 
0 

Pathways: 
4 

Pathway 1: 
Prim Cont to Environment

2 
Pathway 2: 
Environment 

2 
3 

Pathway 3: 
Environment 

2

to Control Room 

Unfiltered to Control Room

Pathway 4: 
Control Room Ehaust to Environment 

3 
2 

End of Plant Model File 
Scenario Description Name: 

Plant Model Filename: 

Source Term: 
1 
1 1.00O0Et00 

c:\radtrad\defaults\tid_30.inp 
c:\radtrad\defaults\tid def.rft 

O.OOOOE+00 
0

CALCULATION CONTINUATION SHEET SHEET No. 65 of 78 

CALC. TITLE:SFuel HandlingoAccident -OAST Analysis for Relaxation of 
Secondary Containment 0perability 

CALC. NO.: JAF-CALC-RAD-04410 REVISION NO. 0 

ORIG1NATORIDATE G. Patel REVIEWR/DATE M. Drucker 
_ 05/23/02 05/24/02



5.OOOOE-02 9.1000E-01 
Overlying Pool: 

0 
O.OOOOE+00 
0 
0 
0 
0 

Compartments: 
3 

Compartment 1: 
0 
1 
0 
0 
0 
0 
0 
0 
0 

Compartment 2: 
0 
1 
0 
0 
0 
0 
0 
0 
0 

Compartment 3: 

0 
0 
0 
0 
0 
0 
0 

Pathways: 
4 

Pathway 1: 
0 
0 
0 
0 
0
1 
2 
O.OOOOE+00 
l. 2000. +02

4.OOOOE-02 1.0000EO00

2.7500E+00 9.000OE01 9.0000E401 9.0000E+01 
:. .OIE00E.00 .00001:4 01 q.OOOOF:il '0.00001'101

0 
0 
0 
0 
0 
0 

Pathway 2: 
0 
0 
0 
0 
0 
1 
3 
o . 0000+00 
5.00002 01 
7.20002.*02 
0 
0 
0 
0 
0 
0 

Pathway 3: 
0 
0 
0 
0 
0 
1 
4 
O . 0000+00 
5.00002-01 
1. 2000E:+01 
7 . 00 0". 0 
0 
0 
0 
0 
0 
0 

Pathway 4: 
0 
0 
0 
0 
0 

'1 

0. OOOOE+00 
5. 00002-01 
I :,Ot0ill: 0 1

I,

1.5000Et04 O.OOOOE+0 O.O0000E+00 0.000OE+00 
1.1000E+03 9.0OOOE+01 9.0000E,01 9.0OOOE01 
1.1000E.03 9.0000E÷01 9.0000E+01 9.0000E+01

O.0000E+00 
2.10002E03 
3.0000E+02 
3. 00002.0'

O.00000E+O 
O.0000E+00 
O.OOOOE+00 
0.OOOOE00

0.OOOOE+00 
0.0000E+00 
O.0000÷O00 
O. 0000200

0.OOOOE+00 
0.O000E+00 
0.OOOOE00 
0.0000*E00

1.5000E+04 0.OOOOE+O0 O.O000E+00 0.0000E+00 
3.2000E+03 0.OOOOE+00 O.0000E+00 0.0000E+00 
1.4o(F.-404 O.O0002E+0 0.O0000FO.0 0.0000E00

CALCULATION CONTINUATION SHEET SHEET No. 66 of 78 

er ECALC. TITLE: Fuel Handling Accident - AST Analysis for Relaxation of aSecondary Containment 0perability (~y CALC. NO.: JAF-CALC-RAD-04410 REVISION NO. 0 

ORIGINATOR/DATE G. Patel REVIEWR/DATE M. Drucker 
05/23/02 05/24/02



7.2000E+02 1.4000E+03 0.0000E+00 
0 
0 
0 
0 
0 
0 

Dose Locations: 
3 

Location 1: 
Control Room 

3 
0 
1

2 
O.OOOOE+00 
7.2000E+02 
1

0.0000E+00 O.0000E+00

3.47OOE-04 
0.0000E+00

4 
0.0000E00 1.OOOOE+C 
2.4000E+01 6.O0000E
9.6000E+01 4.0000E-O 
7.2000E+02 0.O0000E+ 

Location 2: 
Exclusion Area Boundary 

2 
1 
2 
O.O0000+00 5.2400E-( 
2.00OEtOO0 0.0o00EI( 

2 
0.OOOOE+00 3.47002E
2.0000+E00 0.0000EfO 
0 

Location 3: 
Low Population Zone 

1 

6 
O.O000E+00 2.0400E-( 
4.OOOOE+00 2.1700E-1 
8.0000E+00 9.5300E-( 
2.4000E+01 3.9000E-I 
9.6000E+01 1.0800E-I 
7.2000E+02 0.0002OE+ 
1
4 
0.0000E+00 
8.0000E+00 
2.4000E+01 
7.2000E+02

00 
01 
01 
70 

75 
100 

04 
00

05 
06 
07 
07 
07 
00

3.4700E-04 
1.7500E-04 
2.3200E-04 
0.0000E+00

0 
Effect ive Volume" Locat ion: 

5 
0.0000E+00 9,2600E-07 
8.0000E+00 6.7500E-07 
2.4000E+01 3ý.3900E-07 
9.6000E+01 1.2600E-07 
7.2000E+02 0.0000E+00 

Simulation Parameters: 
5 
0.O000Ei 00 1.0000E-01 
2.00002E00 5.0000E-01 
8.0000E+00 1.0000E00 
2.4000E+01 4.0000E+00 
7.4400Ei02 0.0000E'00 

Output Filename: 
C :,Radtrad\Accept\Fitz Patrick\FPTIDCL0O.ol 

1 
1 

0 
0 

End of Scenario File 

n#f#nnnnn#nnfinn# nfln##f##in ####nM###H####fiiiiiilf#fiff#######fl 
RADTRAD Version 3.02 run on 4/01/2002 at 11:28:46 

f######nnn##n##nnf##n#n####f#fi#############flniiiii#f#fi#fi#######fi.  

Plant Description 

Nlj.mllDcr of Nuc I d(s - 14 

Inventory Power = 1.0000E+00 MWth 
Plant Power Level = 2.5870E+03 MWth 

Number of compartments = 3 

Compartment information 

Compartment number 1 (Source term fraction = 1.0000E+00

Name: Prim Cont 
Compartment volume = 2.6400E+05 (Cubic feet) 
Pathways into and out of compartment I 

Pathway to compartment number 2: Prim Cont 

Compartment number 2 
Name: Environment

to Environment
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CALC. TITLE: Fuel Handling Accident - AST Analysis for Relaxation of 
Secondary Containment Operability

CALC. NO.: JAF-CALC-RAD-04410

ORIGINATOR/DATE G. Patel 
05/23/02

Pathways into and out of compartment 2 
Pathway to compartment number 3: Environment to Control Room 
Pathway to compartment number 3: Environment Unfiltered to Control Room 
Pathway from compartment number I: Prim Cont to Environment 
Pathway from compartment number 3: Control Room Ehaust to Environment 

Compartment number 3 
Name: Control Room 
Compartment volume = 1.01OOE+05 (Cubic feet) 
Pathways into and out of compartment 3 

Pathway to compartment number 2: Control Room Ehaust to Environment 
Pathway from compartment number 2: Environment to Control Room 
Pathway from compartment number 2: Environment Unfiltered to Control Room 

Total number of pathways w 4

RADTRAD Version 3.02 run on 4/01/2002 at 11:28:46 

Scenario Description 

Radioactive Decay is enabled 
RELEASE NAME = TID, TID-14844, Table IV., w/Reg Guide 1 
Release Fractions and Timings, 

GAP EARLY IN-VESSEL 
0.0000 hrs 0.0000 hrs 

NOBLES i.O000E+00 0.0000E÷00 
IODINE 2.50OOE-01 0.OOOOE+00 
CESIUM 0.000F+00 0.OOOOE+00 
TELLURIUM 0.00OOEiOO 0.0000E400 
STRONTIUM O.OOOOE+00 O.O000E+00 
BARIUM O.OOOOE+0O 0.OOOOE+00 
RUTHENIUM O.OOOOE+O0 0.OOOOE+O0 
CERIUM O.0OOOE*O0 O.O000E+O0 
LANTHANUM 0.0OOOE+00 O.OOOOE+00

Iodine fractions 
Aerosol 
Elemental 
Organri c

5.OOOOE-02 
- 9.10OOE-01 

4.OOOOE-02

COM PARTMENT DATA 

Compa r tmenrl number 1: Prim Cont 

Compuart. mcnt number 2: Environment 

Comprttnmerit number 3: Control Room 

PATHWAY DATA 

Pathway number 1: Prim Cont to Environment 

Pathway Filter: Removal Data

Time (hr) Flow Rate 
(cfm) 

0.00OOEiOO 2.7500E+00 
7.20OOE402 2.7500E+00

Filter Efficiencies (M) 
Aerosol Elemental Organic 

9.OOOOE+01 9.OOOOE+01 9.OOOOE+0: 
9.OOOOE+01 9.OOOOE+01 9.OOOOE+0O

Pathway number 2: Environment to Control Room 

Pathway Filter: Removal Data

Time (hr) Flow Rate

I

Filter Efficiencies M%



(c f ) 
0.O000E+00 1.5000E+04 
5.OOOOE-Ol 1.1000E.03 
7.2000E.02 1. l00E+03

Aerosol 
0.OOOOE+00 
9. 0O00OE-01 
9. OOOOE+01

Elemental 
O.O000E+00 
9. 0000E+01 
9.0000E401

Organic 
O. 0000E00 
9. 0000E+01 
9. 0000E+01

Pathway number 3: Environment Unfiltered to Control Room 

Pathway Filter: Removal Data

Time (hr) Flow Rate 
(cfm) 

O.OOOOE.00 O.00OOE40 
5.OOOOE-01 2.1000E+03 
1.2000E+01 3.0000Ei02 
7.2000E.02. 3.00001":102

Filter Efficiencies M%) 
Aerosol Elemental Organic 

0.OOOOE+00 0.OOOOE+00 0.0000E+00 
0.OOOOE+00 0.OOOOE+00 0.OOOOE+00 
0.OOOOE+00 0.0000E00O 0.OOOOE+00 
0.00OE.00 O.I000E+00 0.0000EWO0

Pathway number 4: Control Room Ehaust to Environment 

Pathway Filter: Removal Data

Trime ihr) Flow Hate 
(cfm) 

0.OO00E.O0 1.5000E+04 
5.OOOOE-0O 3.2000E+03 
1.2000E+0I 1.4000E+03 
7.2000E+02 1.4000E+03 

LOCATION DATA 
Location Control Room i 

Location X/Q Data 
Time (hr) X/Q (s 
O.OOOOE+00 9.26C 
8.0000E400 6.75C 
2.4000E+01 3.390 
9.6000E+01 1.26C 
7.2000E+02 0.00C 

Location Breathing Rate Dat 
Time (hr) Breathin 

0.OOOOE+00 
7.2000E+02 

Location Occupancy Factor D 
Time (hr) Occupanc 

0.OOOOE+O0 1.0 
2.4000E+01 6.0 
9.6000E+O1 4.0 
7.2000E+02 0.0 

Location Exclusion Area Bou 

Location X/Q Data

Filter El ticiencies (%) 
Aerosol Elemental Organic 

O.OOOOE+00 O.OOOOE+00O O.OOOOE+00 
O.OOOOE+00 0.OOOOE+00 O.OOOOE+00 
O.OOOOE+00 0.00O0Ei0O 0.OOOOE+00 
O.O000E+O0 O.OOOOE+O0 O.OOOOE+O0

is in compartment 3 

*m^-3) 
OOE-07 
OOE-07 
OOE-07 
OOE-07 
OOE+00 

ta 

ng Rate (m^3 * sec^-l) 
3.47OOE-04 
0.OOOOE+00

Data 
cy Factor 
OOOE+O0 
OOOOE-O0 
OO0E-OI 
OOOE+00 
undary is in compartment

Time (hr) 
0.0000E*-00 
2.O0OOE*00

XIQ (s * m^-3) 
5q2400E-05 
0.OOOOE+O0

Location Breathing Rate Data 
Time (hr) Breathing Rate (m^3 * sec^-l) 

0.OOOOE+00 3.4700E-04 
2.OOOOE+00 0.OOOOE+00 

Location Low Population Zone is in compartment 2

Location X/Q Data 
Time (hr) 

O.OD0OEr00 
4. OO0OEi 00 
H. 0000E. lCO0 
2. 40O0Ei 0 1 
9.60(JOE 01 
7.2000Et02

X/Q (s * m^-3) 
2.04OOE-05 
2. 1700E-06 
9.5300E-07 
3.9000E-07 
1.0800E-07 
0.OOOOE+00

local ion Breathing Rate Data 
Tim:Il1. Ih IBreath ing Rate (m^3 

O.O0O0Eý00 3.4700E-04 
8.00OOE00 1.7500E-04 
2.4000E+01 2.3200E-04 
7.2000E402 0.OOOOE+O0

USER SPECIFIED TIME 
Trime 

0. 0000E00 
2.OOOOE+00 
I.OOOOEfO0 
2.4000EOl 
7.4400E+02

STEP DATA - SUPPLEMENTAL TIME STEPS 
Time step 

1.0000E-01 
5.OOOOE-0O 

1.O000EO0 
4.00OO0E00 
0.OOOOE+00
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RADTRAD Version 3.02 run on 4/01/2002 at 11:28:46 
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K # K 
K K 

KKKK KKKK

KKKKK 
* 
K 
K 
K 
K

KKKKK 
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Dose, Detailed model and Detailed Inventory Output 

Control Room Doses: 

Time (h) = 0.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 1.4966E-15 1.1795E-12 3.8345E-14 
Accumulated dose (rem) 1.4966E-15 1.1795E-12 3.8345E-14 

Exclusion Area Boundary Doses: 

Time (h) = 0.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 4.5373E-07 1.4981E-05 9.2173E-07 
Accumulated dose (rem) 4.5373E-07 1.4981E-05 9.2173E-07 

Low Population Zone Doses: 

Time (h) = 0.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 1.7664E-07 5.8322E-06 3.5884E-07 
Acismulated dose (trm) 1.16,i,4H:-0' / 5.N '2l.-06 O .'E I.M-0 

Control Room Compartment Nuclide Inventory:

Time (h) 
1-131 
1-132 
1-133 
1-134 
1-135 
Xe-131m 
Xe-133m 
Xe-133 
Xe-135m 
Xe-135 
Kr-83m 
Kr-85m

0.0000 ci 
3.4858E-09 
5.0942E-09 
7.2896E-09 
8.0222E-09 
6.8841E-09 
8.3839E-10 
1. 2216E-08 
2.9301E-07 
5.5221E-08 
3.7844E-08 
1.6625E-08 
3. 51b it-'08

kg 
2.8117E-17 
4.9352E-19 
6. 434 9E-3 8 
3.0072E-19 
1.9603E-18 
1.0009E-17 
2.7224E-17 
1.5654E-15 
6.0621E-19 
1.4819E-17 
8.0577E-19 
4.3371E-18

Atoms 
1.2926E+08 
2.2516E+06 
2.9137E+07 
1.3515E+06 
8.7444E+06 
4.6013E+07 
1.2327E+08 
7.0880E+09 
2.7042E+06 
6.6106E+07 
5.8464E406 
3.0718E#01

Bq 
1.2897E202 
1.8849E+02 
2.6971E+02 
2.9682E+02 
2.5471E+02 
3.1021E+01 
4.5197E+02 
1.0841E+04 
2.0432E203 
1.4002E+03 
6.1512E402 
1.3206E,03

Kr-87 6.8470E-08 2.4173E-18 1.6732E+07 2.5334E+03 
Kr-88 9.6982E-08 7.7343E-18 5.2928E+07 3.5883E+03 

Control Room Transport Group Inventory:

Time (h0 0 0.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (, tofs) 
Aerosols (kg) 

Time (h) = 0.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Atmosphere 
7.4323E+09 
1.5537E+08 
6.8296E+06 
1.8653ý-18 

Deposition 
Surfaces 

0.0000E+00 
O.0000E+00 
O.O0000+00 
0.0000E+00

Sump 
0.0000E+00 
0.O000E+00 
O.O000E+00 
O.O000E+00

Overlying 
Pool 

0.0000E+00 
0.0000E+00 
0.0000+E00 
O.O000E+00

Recirculating 
Filter 

0.O000E+00 
0.O000E+00 
0.O000E+00 
O.O000E+00

Environment to Control Room Transport Group Inventory:

Time (h)h 0.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

0.O000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00

Environment Unfiltered to Control Room Transport Group Inventory:

Time (h) = 0.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aers,)Ib; (kI)

Pathway 
Filter 

0.0000*E00 
0.0000E+00 
0.O0000+00 
0.0000E.00

Control Room Ehaust to Environment Transport Group Inventory:

Time (h) = 0.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

0.0000+00 
0.0000E+00 
O.0000E+00 
0.0000E+00

Control Room Doses: 

Time (h) = 0.5000 Whole Body Thyroid TEDE 
Delta dose (rem) 2.3237E-04 2.0133E-01 6.5126E-03 
Accumulated dose (rem) 2.3237E-04 2.0133E-01 6.5126E-03
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Exclusion Area Boundary Doses: 

Time (h) = 0.5000 Whole Body Thyroid TEDE 
Delta dose (rem) 4.1818E-01 1.4926E+01 8.8389E-01 
Accumulated dose (rem) 4.1819E-01 1.4926E201 8.8389E-01 

Low Population Zone Doses: 

Time (h) - 0.5000 Whole Body Thyroid TEDE 
Delt.a dose (reit) I .P6+10O-O 5.810BEiO00 1.4411E-01 
Accumulated dose (rem) 1.6280E-01 5.8108E+00 3.4411E-01 

Control Room Compartment Nuclide Inventory:

Time )h) = 

1-131 
1-132 
[-133 

1-134 
1-135 
Xe-131m 
Xe-133m 
Xe-133 
Xe-135m 
Xe-135 
Kr-83m 
Kr-85m 
Kr-87 
Kr-88

0.5000 ci 
7.7171E-04 
9.7178E-04 
1.5900E-03 
lI1482E-03 
1.4488E-03 
1.8572E-04 
2.6914E-03 
6.4807E-02 
3.1434E-03 
8.0793E-03 
3.0510E-03 
7.3268E-03 
1.1563E-02 
1.9038E-02

kg 
6.2247E-12 
9.4145E-14 
1.4036E-12 
4.4916E-14 
4.1255E-13 
2. 2172E-12 
5.99816-12 
3.4623E-10 
3. 4508E-14 
3.1637E-12 
1.4788E-13 
8.9030E-13 
4.0822E-13 
1.5183E-12

Control Room Transport Group Inventory:

Time (h) = 0.5000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg) 

Time (h) = 0.5000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Atmosphere 
1.6484E2+5 
3.4459E-13 
1.5147E+12 
4.13"30E-13 

Deposition 
Surfaces 

0.0000E+00 
O.O000E+00 
O.O000E+00 
0.0000+E00

Sump 
0.00002E00 
0.O0000E+00 
0.00002E00 
O.00OOE+00

Atoms 
2.8615E+13 
4.2951E+11 
6.3554E+12 
2.0186E+ I] 
1.8403E+12 
1.0193E+13 
2.7159E+13 
1.5677E+15 
1. 5393E+11 
1.4113E+13 
1.0729E+12 
6. 3077E+12 
2.8257E+12 
1.0390E+13 

Overlying 
Pool 

O.O000E+00 
0.O000E+00 
0.0000E00 
0.O000E+00

Bq 
2.8553E207 
3.5956E+07 
5.88302E07 
4.43341,01 
5.3606E207 
6.8715E206 
9.9582E+07 
2.3979E+09 
1.1631E+08 
2.9893E+08 
1.1289E+08 
2.7109E+08 
4.2784En08 
7.0441E+08

Recirculating 
Filter 

0.O000E+00 
0.O000E+00 
O.O000E+00 
O.O000E+00

Environment to Control Room Transport Group Inventory:

Time (h) = 0.5000 
Noble gases (atoms) 
Elemental I (atoms)

Pathway 
Filter 

0.0000E+00 
O.O000E+00

Organic I (atoms) 
Aerosols (kg)

O.O000E+00 
O.O000E+00

Environment Unfiltered to Control Room Transport Group Inventory:

Time (h) - 0.5000 
Noble gases (atoms) 
Elemental 1 (atoms) 
Org,ir, ic Il (,tf ,,ns) 
Aerosols (k(l)

Pathway 
Filter 

0.O000E+00 
O.O000E+00 
0.00002E00 
O.OOOQE+00

Control Room Ehaust to Environment Transport Group Inventory:

Time (n) = 0.5000 
Noble gases (atoms) 
Elementa] I (atoms) 
Organi," I (,,tom:i ) 
Aerosols (kg)

Pathway 
Filter 

O.0000E+00 
O.0000E+00 
0.0000L+ 00 
0.0000EO00

Control Room Doses: 

Time (h) = 2.0000 Whole Body Thyroid 
Delta dose (rem) 6.5586E-04 6.1447E-01 
Accumulated dose (rem) 8.8823E-04 8.1580E-01 

Exclusion Area Boundary Doses: 

Time (h) = 2.0000 Whole Body Thyroid 
Delta dose (rem) 9.1285E-01 4.4012E+01 
Accumulated dose (rem) 1.3310E+00 5.8938E+01 

Low Population Zone Doses: 

Time (h) = 2.0000 Whole Body Thyroid 
Delta dose (rem) 3.5539E-01 1.7135E+01 
Accumulated dose (rem) 5.1819E-01 2.2945E+01 

Control Room Compartment Nuclide Inventory:

Time (h) 
1-131 
1-132 
1-133 
1-134 
1-135 
Xe-131m 
Xe-133m 
Xe-133 
Xe-135m 
Xe- 135

2.0000 Ci 
5. 4931E-04 
4.4254E-04 
1.0824E-03 
2.6192E-04 
8.8594E-04 
1.8696E-04 
2.6660E-03 
6. 494 1E-02 
5.3698E-05 
7.2808E-03

kg 
4.4308E-12 
4.2872E-14 
9.5551E-13 
9. 8183E-15 
2.5227E-13 
2.2321E-12 
5.94 15E-12 
3. 4694E-10 
5.8949E-16 
2.8511E-12
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TEDE 
1.9740E-02 
2.6253E-02 

TEDE 
2.2796E+00 
3.1635E+00 

TEDE 
8.8747E-01 
1.'2316E+00 

Atoms 
2.0369E+13 
1.9559E+11 
4.3265E+12 
4.4125E+10 
1.1253E+12 
1.0261E+13 
2.6903E+13 
1.5709E+15 
2.6296E+09 
1.2718E413

Bq 
2.0324E+07 
1.6374E+07 
4.0049E+07 
9.6911E+0+ 
3.2780E+0" 
6.9176E+Of 
9.8642E+07 
2.4028E+09 
1.9868E+20 
2.6939E+Ot,



Kr-83m 
Kr-85m 
Kr-87 
Kr-88

1.7465E-03 
5.8695E-03 
5. 1579E-03 
1.3339E-02

8. 4651E-14 
7.1323E-13 
1 .8209E-13 
1 .0638E-12

Control Room Trdwaport Group Inventory:

Time (h) = 2.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg) 

Time (h) = 2.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Atmosphere 
1.6655E+15 
2.4661E+13 
1.0840E+12 
2.9607E-13

Sump 
0.OOOOE+00 
O.OOOOE+00 
0.OOOOE+00 
0.0000Ei00

6.14 19E+11 
5.0531E+12 
1 .2605E+12 
7. 2796E12 

Overlying 
Pool 

0.0000E+00 
0.00O0E+00 
0.0000E+00 
0.0000 E00

6.4621E+07 
2. 1717E+08 
1.9084E408 
4.9353E+08

Deposition Recirculating 
Suttaces FiI ter 
0.OOOOE+00 0.OOOOE+00 
O.O000E+00 O.O0000EO0 
0.OOOOE00 0.OOOOE+00 
0.OOOOE+00 O.0000OE+00

Environment to Control Room Transport Group Inventory:

Time (hi = 2.0000 
Noble gases (atoms) 
E I omental) 1 (al (m.;) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

O.OOOOE+00 
'. 14.E121 

2. 62b6bBE20 
7.1738E-05

Environment Unfiltered to Control Room Transport Group Inventory:

Time (h) = 2.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

0.0000OE+00 
0.OOOOE+00 
O.0000OE+00 
0.0000KEOO

Control Room Ehaust to Environment Transport Group Inventory:

Time (h) = 2.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg) 

Control Room Doses:

Pat hway 
Filter 

0.0000K-O0 
O.OOOOE+00 
O.OOOOE+00 
0. 0000E00

Accumulated dose (rem) 1.4394E-03 1.5172E+00 4.8471E-02 

Exclusion Area Boundary Doses:

Time (h) = 4.0000 
Delta dose (rem) 
Accumulated dose,(rem)

Whole Body Thyroid TEDE 
0.OOOO0 0 0.OOOOE+00 0.OOOOE+00 
1.3310Ei00 5.8938Et01 3.1635Es00

Low Population Zone Doses: 

Time (h) = 4.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 3.0177E-01 2.2224E+01 9.8823E-01 
Accumulated dose (rem) 8.1996E-01 4.5169E-01 2.2198E+00 

Control Room Compartment Nuclide Inventory:

Time ,(h) 
1-131 
1-132 
1-133 
1-134 
1-135 
XQ-) ]I m 
Xe-I 33itt 
Xe-133 
Xe-1I35m 
Xr!- I , 
K r-t I, 
Kr-85m 
Kr-87 
Kr-88

4.0000 ci 
5.3176E-04 
2.3616E-04 
9.8733E-04 
5.2532E-05 
7.0038E-04 
].H59SE-04 
2.5950E-03 
6.4 192E-02 
2.3289E-07 
6.2473E-03 
8. 18 I3E-04 
4.3049E-03 
1.7329E-03 
8.1821E-03

kg 
4.2892E-12 
2.2879E-14 
8.7158E-13 
1.9692E-15 
1.9943E-13 
2.2200KE-12 
5.'1834E-12 
3.4294E-10 
2. 5566E-18 
2.44641-,I? 
3.96611- 14 
5.2310E-13 
6.1179E-14 
6.5252E-13

Control Room Transport Group Inventory:

Time (h) = 4.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kq) 

Time (h1) - 4.0000 

Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Atmosphere 
1.6645EK15 
2.4045E+13 
1.0569E+12 
2.8867E-13 

Deposition 
Surfaces 
0.OOOOE+00 
0.OOOOE+00 
O.0OOKE+00 

0.OOOOE+00

Sump 
O.O000E+O0 
O.O000E+O0 
0.OOOOE+00 
0.0000E+00

Atoms 
1.9718E+13 
1.0438E+11 
3. 9464E+12 
8.8499E+09 
8.8964E+11 
I .0205E-13 
2. 6187E+K13 
1.5528E+15 
1. 1405E+07 
1 .0913E+13 
2.11T"BEKf11 
3. 7061E+12 
4.2348E+ll 
4.4654E+12 

Overlying 
Pool 

O.OOOOE+00 
O.OOOOE+00 
O.O000E+00 
0.0000E+00

Bq 
1.9675E+K-O 
8.7378E+06 
3. 6531E07 
1.9437EiOE 
2 .5914E+07 
6.8801E+0(O 
9.6016E+K-O 
2.3751E*-0
8.6168£+0[ 
2.3115EOý
3.02?18EK.0 1 
1.5928E+Ký
6.4118E+07 
3.0274E+08

Recirculating 
Filter 

O.0000KE00 
0.OOOO+E00 
0.0OOKE+O0 
0.OOOOE+00

Environment to Control Room Transport Group Inventory:

Time (h) = 4.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 5.5117E-04 7.0144E-01 2.2218E-02
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Pathway 
Time (h) = 4.0000 Filter



Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

0.0000E+00 
1.3934E+22 
6. 1248E+20 
1.6728E-04

Environment Unfiltered to Control Room Transport Group Inventory:

Time (h) = 4.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
FiIlter 

0.0000E+00 
0.0000E+00 
O.0000*E00 

0.0000gE00

Control Room Ehaust to Environment Transport Group Inventory:

Time (h) = 4.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

0.0000+E00 
0.O000E+00 
O.00.OE*00 
0.00002E00

Control Room Doses: 

Time (h) = 8.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 5.8816E-04 1.3364E+00 4.1651E-02 
Accumulated dose (rem) 2.0276E-03 2.8537E+00 9.0122E-02 

Exclusion Area Boundary Doses: 

"TinII, (h) - H 8.00000 Wh+ + feoly Thyroid TtEi2 
Delta dose (rem) 0.0000E+00 0.00002E00 0.00002E00 
Accumulated dose (rem) 1.3310E200 5.8938E+01 3.1635E+00 

Low Population Zotte Doses: 

Time (h) = 8.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 3.4542E-02 4.5329E+00 1.7382E-01 
Accumulated dose (rem) 8.5450E-01 4.9702E+01 2.3936E+00 

Control Room Compartment Nuclide Inventory:

Time (h( - 8.0000 
1-131 
1-132 
1-133 
If-It4 
1-135 
Xe-131m 
Xe'-133m 
Xe-133

ci 
5.2257E-04 
7.0525E-05 
8.6148 -04 

:I a Iffl+tt: Ot.  
4.5903E-04 
1.8370E-04 

2.4515FE-03 
6. -5f38FE-02

kg 
4.2151E-12 
6. 8324E-15 
7.60482-13 
H.iO1010-)' 
1.3011E-13 
2.1931E-12 
5.4723E-12 
3. 3464E-10

Atoms 
1.9377E+13 
3.1171E+10 
3.4434E412 

. I301Et I I 

1.0082E+13 
:.4717RE 113 
1 .515) 2 E.I

Bq 
1.9335E+07 
2.6094E+06 
3.1875E+07 
H. f q 1'.04 
1.b984EIO/ 
6.7967E+06 
;. 0852E407 
2. 16E+(9

Xe-135 
Kr-83m 
Kr-85m 
Kr-87 
Kr-88

4.5936E-03 
1.7942E-04 
2.3126E-03 
1.9535E-04 
3.0747E-03

1.7988E-12 
8. 6959E-15 
2.8102E-13 
6.8967E-15 
2.4521E-13

Control Roomr Transport Group Inventory:

Time (h) - 8.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (,•tnms) 
Aerosols (kg) 

Time (h) = 8.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Atmosphere 
1.6604E+15 
2.3972E+13 
1.0537E412 
2.8779E-13 

Deposition 
Surfaces 

0.OOOOE+00 
0.0000E+00 
0.0000E400 
0.O000E+00

Sump 
0.0000E+00 
O.0000E+00 
0.O0000E00 
0.0000+E00

8.0240E+12 
6. 3094E+10 
1 .9910E+12 
4. 7739E+ 10 
1 .6780E+12 

Overlying 
Pool 

0.O000E+00 
0.O000E+00 
0.0000E+00 
0.0000E+00

1.6996E+08 
6.6384E+06 
8.5568E+07 
7.2280E+06 
1. 1376E+08

Recirculating 
Filter 

O.O000+O00 
O.O000E+00 
0.0000E400 
O.O000E+00

Environment to Control Room Transport Group Inventory:

Time (h) = 8.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kq)

Pathway 
Filter 

O.0000E+00 
2.9821E+22 
1.3108E+21 
3.5802E-04

Envi ronm•t't (Infi t et!tpd to Conttrol Room Transport Group Inventory:

,rim, (t.) - 8.0000 
Nob| o qsos .;(aJtomes') 

Elemental I (atoms) 

Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

0.0000'+00 
0.O000E+00 
0.O000E+00 
0.O000E+00

Control oom Ehaust to Environment Transport Group Inventory:

Time (h) - 8.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aot-;,so:ý (kqj)

Pathway 
Filter 

0.000O0+00 
O.OOOOE+00 
0.0000+E00 
0. 00(00200

Control Room Doses: 

'luo (h) I12.-0000 Whole Body Thyroid TEDE

CALCULATION CONTINUATION SHEET SHEET No. 73 of 78 
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CALCULATION CONTINUATION SHEET SHEET No. 740of78

CALC. TITLE: Fuel Handling Accident - AST Analysis for Relaxation of 
Secondary Containment Operability

CALC. NO.: JAF-CALC-RAD-04410

ORIGINATORIDATE G. Patel 
05/23/02

Delta dose (rem) 2.2714E-04 9.7248E-01 
Accumulated dose (rem) 2.2547E-03 3.8262E+00

2.9971E-02 
1.2009E-01

Exclusion Area Boundary Doses: 

Time (h) = 12.0000 Whole Body Thyroid TEDE 

Delta dose (rem) 0.0000E+00 0.0000E+00 0.0000E+00 

Accumulated dose (rem) 1.33L0E+00 5.8938E+01 3.1635E+00 

Low Population Zone Doses:

Time (h) = 12.0000 Whole Body Thyroid 
Delta dose (rem) 7.7057E-03 9.5464E-01 
Accumulated dose (rem) 8.6220E-01 5.0657E+01 

Control Room Compartment Nur-lide Inventory:

Time (h) 
1-131 
1-132 
1-133 
1-134 
1-135 
Xe-131m 
Xe-133m 
Xe-133 
Xe-135 
Kr-83m 
Kr-85m 
Kr-H-7 
Kr-88

12.0000 Ci 
3.7462E-04 
1.5364E-05 
5.4833E-04 
6.8194E-08 
2.1946E-04 
1.3230E-04 
1.6939E-03 
4.4562E-02 
2.4625E-03 
2.8679E-05 
9.05'17E-04 
I. 0 ,,,-Orl 
8.4237P.-04

kg 
3.0218E-12 
1.4884E-15 
4.8404E-13 
2.5563E-18 
6.2492E-14 
1.5795E-12 
3.7751E-12 
2.3807E-10 
9.6426E-13 
1.3900E-15 
1.1006.-13 
5.66•I21:-t16 
6.1179E-14

Cort ro) Room Tr.an:,ort r(rout (riverituory:

Time (hi - 12.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg) 

Time (h) = 12.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Atmosphere 
1.2075E+15 
1.7434E+13 
7.6631E+11 
2.0930E-13 

Deposition 
Surfaces 

0.0000E+00 
O.0000E+00 
0.0000E+00 
O.O000E+00

Sump 
0.O000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00

T2DE 
3.6902E-02 
2.4305E+00 

Atoms 
1.38912E13 
6.7905E+09 
2.1917E+12 
1.1488E+07 
2.7877E2.1 
7.2612E+12 
1.7093E+13 
1.0779E+15 
4.3014E+12 
1.0085E+10 
7.7978E+11 
3. 010~t~ 
4.59)3E+11 

Overlying 
Pool 

O.00002+00 
0.0000E+00 
0.0000E+00 
0.0000E+00

Bq 
1.3861E+07 
5.6846E+05 
2.02882E07 
2.5232E+03 
8.1202E+06 
4.8952E+06 
6.2675E,07 
1.6488E+09 
9.11112E07 
1.0611E,06 
3.3513E+07 

'.) 140E,0!, 
3.1168Ei01

Recirculating 
Filter 

0.O0000+00 
0.0000E+00 
O.0000+E00 
O.0000E+00

Environment to Control Room Transport Group Inventory:

Time (h) = 12.0000
Pathway 

Fi (ter

Noble gases (atoms) O.0000E+00 
Elemental I (atoms) 4.5669E+22 
Organic I (atoms) 2.0074E+21 
Aerosols (kg) 5.4827E-04 

Environment Unfiltered to Control Room Transport Group Inventory:

Time (h) = 12.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

0.O000E+00 
0:0000+E00 
O.OOOOE+00 
0.00OOE400

Control Room Ehaust to Environment Transport Group Inventory:

Time (h) = 12.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

O.O000E+00 
O.O0000E00 
O.O0000E00 
O.O000E+00

Control Room Doses: 

Time (h) = 24.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 2.7859E-04 1.2460E+00 3.8193E-02 
Accumulated dose (rem) 2.5333E-03 5.0721E+00 1.5829E-01 

Fl-:I ti:.,ii Ar a. ol Fl'irll ry Dosesr : 

Time (h) + 24.0000 Whole Body Thyroid TEDE 
Delta• dos Crem(t 0.O0000E00 0.OOOOE+0 0 0.0000E,00 
Ar-utmuitsl i ticd ,I, (till) I.1O1(0 0500 ",.89( t+-0 s01 I .1635E+00 

Low Populat ion Zone Doses: 

Time (h) - 24.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 1.1327E-02 2.6406E+00 9.1649E-02 
Accumulated dose (rem) 8.7353E-01 5.3297E+01 2.5222E+00 

Control Room Compartment Nuclide Inventory:

Time (h)8= 24.0000 
1-131 
1-132 
1-133 
1-135 
Xe-131m 
Xe-133m 
Xe-133 
Xe-135

Ci 
1.5106E-04 
1.7386E-07 
1.5476E-04 
2.6251E-05 
1.2758E-04 
1.4353E-03 
4.1410E-02 
9.7908E-04

kg 
1.2185E-12 
1.6843E-17 
1.3662E-13 
7.4750E-15 
1.5231E-12 
3.1988E-12 
2. 2123E-10 
3.8339E-13

Atoms 
5.6015E+12 
7.6842E+07 
6.1859E+11 
3.3345E+10 
7.0017E+12 
1.4484E+13 
1.0017E+15 
1.7102E+12

Bq 
5.5893E+06 
6.4327E+03 
5.7261E+06 
9.7130E+05 
4.7203E+06 
5.3106E+07 
1.5322E+09 
3.6226E+20



Kr- 83m 
Kr-85m 
Kr-87 
Kr-88

3.0230E-07 
1.4045E-04 
2.3005E-08 
4.4709E-05

1.4652E-17 
1.7067E-14 
8.1216E-19 
3.5655E-15

r CALCULATION CONTINUATION SHEET SHEET No. 75 of 78

1.0631E+08 
1.2092E+11 
5. 6217E+06 
2.4400E+10

1.1185F+04 
5.1968E+06 
8.5118E+02 
1.6542E+06

Control Room Transport Group Inventory:

Time (h) - 24.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg) 

Time (h) = 24.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Atmosphere 
1.1988Et15 
7.3396E2]2 
3.2262E+11 
i.ktllII E5 -14 

Deposition 
Surfaces 

O.00002E00 
O.O000E+00 
O.O000E+00 
0.00002E00

OverIlying 
Sump Pool 

0.O000E+00 0.00002E00 
0.0000E+00 0.0000E+00 
0.0000000 0.OOE00 
0.0000EiO0 O0.0000.+00 

Recirculating 
Filter 

0.0000EO00 
0.0000E+00 
0.O000E+00 
0.0000+E00

Environment to Control Room Transport Group Inventory:

Time (hW = 24.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

O.O00OE+00 
4.8791E+23 
2.1447E+22 
5.8576E-03

Environment Unfiltered to Control Room Transport Group Inventory:

Time (h) = 24.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

PatIhwa y 
ViltI er 

O.0000.+00 
0.0000E+00 
0.000OEO0 
0.00OOE 00

Control Room Ehaust to Environment Transport Group Inventory:

Time (h) = 24.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg) 

Control Room Doses: 

Time (h) = 96.0000 
Delta dose (rem)

l'.4l lr4,Iy 

Filter 
0.0000.E00 
O.OOOOE±00 
O.0000E+00 
0.00000E+0

Whole Body Thyroid TEDE 
2.3308E-04 1.5289E+00 4.6258E-02

Accumulated dose (rein) 2.7664E-03 6.6011E+00 2.0454E-01 

Exclusion Area Boundary Doses: 

Time (h) = 96.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 0.0000E+00 0.0000E+00 0.0000E+00 
Accumul.,, ,, dosi , enm) I . 33101+00 5.8938t`01 3.1635F400 

Low Population Zone Doses: 

Time (h) -(6.0000 Whole Body Thyroid TEDE 
Delta dose (remn) 1 .1977F-02 6.4491Ei00 2.0606E-01 
Accumule•td dose (remn) H.8551E-01 5.97147)E+ 01 2.7282Ei00 

Control Room Compart ment Nuclide Inventory:

Time 9h) 96.0000 
1-131 
1-133 
1-135 
Xe-131m 
Xe-133m 
Xe-133 
Xe-135 
Kr-85m

Ci 
5.5996E-05 
6.7446E-06 
6.6295E-09 
5. 1431E-05 
2.6641E-04 
1.3375E-02 
1.9399E-06 
9.7927E-10

kg 
4.5167E-13 
5.9539E-15 
1.8877E-18 
6.1403E-13 
5.9373E-13 
7.1452E-11 
7.5962E-16 
1.1900E-19

Control Room Transport Group Inventory:

Time (h) = 96.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg) 

Time Ph) 96.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Atmosphere 
5.7556E+14 
3.5237E412 
1.5489EII1 
4.2304E-14 

Deposition 
Surfaces 

0.O000E+00 
O.O000E+00 
O.O000E+00 
O.O000E+00

Sump 
0.OOOOE+00 
0.0000.E00 
0.0000E+00 
0.0000E+00

Atoms 
2.0764E+12 
2.6959E+10 
8.4209E+06 
2.8227E+12 
2.6884E+12 
3.2353E+14 
3.3886E+09 
8.4306E+05 

Overlying 
Pool 

O.0000+E00 
O.O000E+00 
O.0000E+00 
O.0000E+00

Bq 
2.0719E.06 
2.4955E205 
2.4529E+02 
1.9030E206 
9.8572E+06 
4.9486E+08 
7.1775E+04 
3.6233E+01

Recirculating 
Filter 

O.0000E+00 
O. 0000E00 
O.0000E+00 
O.0000E+00

Envir onmelit tLo Control Room Transport Group Inventory:

Time (h) - 96.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

0.0000E+00 
1.1553E+25 
5.0780E+23 
1.3869E-01

Enviionment Unfrtiltered to Control Room Transport Group Inventory:

CALC. TITLE: Fuel Handling Accident- AST Analysis for Relaxation of 
Secondary Containment Operability

I CALC. NO.: JAF-CALC-RAD-04410
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Time (h) = 96.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

0.0000E+00 
o.0000E+00 
0.O000E+00 
0.0000E+00

Control Room Ehaust to Environment Transport Group Inventory:

Time (h) = 96.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

0.0000±E00 
0.OOOOE+00 
0.0000Ef00 
O.O000E+00

Control Room Doses: 

Time (h) = 720.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 9.2293E-05 9.0385E-01 2.7127E-02 
Accumulated dose (rem) 2.8587E-03 7.5049E+00 2.3167E-01 

Exclusion Area Boundary Doses: 

Time (h) = 720.0000 Whole Body Thyroid TEDE 
Delta dose (rem) 0.OOOOE+00 0.00OOE400 0.OOOOE+00 
Accumulated dose (rem) 1.3310E+00 5.8938E+01 3.1635E+00 

Low Population Zone Doses: 

Time (h) = 720.0000 Whole Body Thyroid TEDE 
Delta dose (rent) 5.3036E-03 4.34605E00 1.3529F-01 
Accumulated dose (rem) 8.9081E-01 6.4093E401 2.8635E+00 

Control Room Compartment Nuclide Inventory:

Time (h) = 720.0000 
1-131 
Xe-131m 
Xe-133m 
Xe-133

Ci 
1.4979E-06 
2.8465E-06 
1.7750E-08 
1.0835E-04

kg 
1.2082E-14 
3.3984E-14 
3. 9559E-17 
5. 7886E-13

Control Room Transport Group Inventory:

Time (h) = 720.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Atmosphere 
1.4484E+14 
8.8674E+ll 
3.8977E+10 
1.064bE-14

Sump 
O.OOOOE+00 
O.0000E+00 
O.OOOOE+00 
0.0000EO0

Atoms 
5.5542E+10 
1.5622E+ll 
1.7912E+08 
2.62)1E+12 

Overlying 
Pool 

0.0000E+00 
0.O000E+00 
0.O000E+00 
O.O0000O00

Bq 
5.5421E+04 
1.0532E+05 
6.5676E+02 
4 .0091E+06

Time (h) - "120.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic (atoms) 
Aerosols (kg)

Deposition 
Surfaces 

0.OOOOE+00 
O.OOOOEs00 
0.OOOOE+0O 
0.OOOOE+00

Recirculating 
Filter 

o.0000E+00 
0.0000E+00 
0.0000E+00 
0.O000E+00

Environment to Control Room Transport Group Inventory:

Time (h) = 720.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kq)

Pathway 
Filter 

0.OOOOE+O0 
8.9185E+25 
3.9202E+24 
1.0707E+00

Environment Unfiltered to Control Room Transport Group Inventory:

Time (h) = 720.0000 
Noble gases (atoms) 
EIemental I (atoms) 
Organic" I (atomIs) 
Aerosols (kq)

Pathway 
Filter 

0.0000E+00 
O.OOOOE00 
0.OOOOE 00 
0. 0000+E 00

Control Room Ehaust to Environment Transport Group Inventory:

Time (h) = 720.0000 
Noble gases (atoms) 
Elemental I (atoms) 
Organic I (atoms) 
Aerosols (kg)

Pathway 
Filter 

0.0000E+00 
0.O000E+00 
0.OOOOE+00 
0.0000Ef00

315 

1-131 Summary

Time (hr) 
0.000 
0.400 
0.500 
0.800 
1.100 
1.400 
1.700 
2.000 
2.300 
2.600

Prim Cont 
1-131 (Curies) 

1.7016E+07 
1.6987E+07 
1.6980E+07 
1.6959E+07 
1.6937E+07 
1.6916E+07 
1.6894E+07 
1.6873E407 
].6852E.07 
1.6830E÷07

Environment 
1-131 (Curies) 

5.3175E-04 
4.2497E+02 
5.3110E+02 
8.4922E+02 
1.1669E+03 
1.4842E+03 
1.8012E+03 
2.1177E+03 
2.4338Eý03 
2.7495E#03

Control Ro,.q 
1-131 (Curieý: 

3.4858E-09 
7.5899E-04 
7.7171E-04 
6.6990E-04 
6.1211E-04 
5.7917E-04 
5.6028E-04 
5.4931E-04 
5.4282E-04 
5.3887E-04
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CALC. TITLE: Fuel Handling Accident - AST Analysis for Relaxation of 
Sec Cod ntainment Operability

CALC. NO.: JAF-CALC-RAD-04410

ORIGINATORIDATE

U##4 8##M#M#•###8#IHC#m####*la######h##s##e###Sum #######ry########## SCumulative Dose Summary

2.900 
3.200 
3.500 
3.800 
4.000 
4.300 
4.600 
4.900 
5.200 
5.500 
5.800 
6.100 
6.400 
6.700 
7.000 
7.300 
7.600 
7.900 
8.000 
8.300 
8.600 
8.900 
9.200 
9.500 
9.800 

10.100 
10.400 
12.000 
24.000 
96.000 

720.000

1.6809E+07 
1.6788E2+07 
1.6767E+07 
1.6745E+07 
1.6731E+07 
1.6710E+07 
1.6689E+07 
1.6668E207 
1.6647E+07 
1.6626E+07 
1.6605E+07 
1.6584E+07 
1.6563E207 
1.6542E+07 
1.6521E+07 
1.6500E+07 
1.6479E+07 
1.64582E07 
1.6451E+07 
1.6431E+07 
1.6410E+07 
1.t63H9E*07 
1.6368E+07 
1.6348E+07 
1.63127Ei07 
1.6306E+07 
1.6286E+07 
I.1,1"16E2+0" 
1.5378E+07 
1.1351E+07 
8.1692E+05

3.0648E+03 
3.3797E403 
3.6943E+03 
4.0084E+03 
4.2176E+03 
4.5310E+03 
4.8441E+03 
5.1568E+03 
5.4690E+03 
5.7809E+03 
6.0924E+03 
6.4035E403 
6.7142E+03 
7.0245E+03 
7.3344E+03 
7.6439E+03 
7.9530E+03 
8.2618E203 
8.3646E+03 
8.6728E+03 
8.9806E+03 
9.2881E+03 
9.5951E+03 
9.9018E+03 
1.0208E204 
1.0514E+04 
1.0819E+04 
1.2442E204 
2.4253E+04 
8.3507E+04 
2.3851E+05

.0

5.3634E-04 
5.34628-04 
5.3335E-04 
5.3234E-04 
5.3176E-04 
5.3096E-04 
5.3021E--04 
5.2950E-04 
5.2881E-04 
5. 2813E-04 
5.2745E-04 
5.2678E-04 
5.261 1E-04 
5.2545E-04 
5.2478E-04 
5.24 12E-04 
5.2345E-04 
5.2279E-04 
5.2257E-04 
4.6044E-04 
4.2514E-04 
4.0499E-04 
3.9341E-04 
3.8666E-04 
3.8264E-04 
3.8016E-04 
3.7855E-04 
3.74622-04 
1.5106E-04 
5.5996E-05 
1.4979E-06

Exclusion Area Bounda 
Thyroid TEDE 

(rem) (rem) 
1.4981E-05,9.2173E-07 
1.1951E+01 7.1396E-01 
1.4926E+01 8.8389E-01 
2.3818E+01 1.3772E+00 
3.2663E+01 1.8492E+00 
4.1465E401 2.3028E+00 
5.0223E+01 2.7404E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E,01 3.16352E00 
5.8938E+01 3.1635E+00 
5.8938E401 3.1635E400 
5.8938E201 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E*00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635F+00 
5.8938Et01 3.16352*00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00 
5.8938E+01 3.1635E+00

Control' Room Low Population .)ne 
Thyroid TEi' 

(rem) (r,:,) 
5.8322E-06 3.5884.--07 
4.6528E+00 2.779 t-0i 
5.8108E+00 3.441t-01 
9.2725E+00 5.361':.-01 
1.2716E+01 7.1991--01 
1.6143E+01 8.965:2-01 
1.9552E+01 1.0669E+00 
2.2945E+01 1.231(E+00 
2.6322E+01 1.3912E+00 
2.9683E+01 1.546!÷+00 
3.3029E+01 1.697.'1+00 
3.6360E+01 1.844-'0') 
3.9675E+01 1.987 2+06 
4.2977E+01 2. 128 '.+00 
4.5169E+01 2.219,"+00 
4.5518E+01 2.234 h-÷00 
4.5865E+01 2.248V:+00 
4.6211E+01 2.262.' :.00 
4.6555E+01 2.275*'200 
4.6898F401 2.289.`2 00 
4.7239E+01 2.302.+0.:+00 
4.7579E+01 2.315'i:K+00 
4.7918E+01 2.328i"+00 
4.8255E+01 2.340bEi00 
4.8591E+01 2.35322+00 
4.8926E+01 2.365,2ý00 
4.9260E201 2.377*+ +00 
4.9592E+01 2.3891:'+00 
4.9702E+01 2.393(,!-+00 
4.9775E+01 2.396t,E+00 
4.9848E+01 2.3996E+00 
4.9921E+01 2.4025E+00 
4.9993E+01 2.4053E+00 
5.0066E+01 2.4082E+00 
5.0137E+01 2.4110E+00 
5.0209E+01 2.4131E+00 
5.0280E+01 2.4165E+00 
5.0657E+01 2.4305E+00 
5.3297E+01 2.5222E+00 
5.9747E+01 2.7282E+00 
6.4093E+01 2.863'E+00

TEDE 
(rem) 

3.8345E-14 
4.8510It03 
6. 5126E-03 
1.1163E-02 
1.5287E-02 
1.9104E-02 
2.2736E-02 
2.6253E-02 
2.9694E-02 
3.3083E-02 
3.6431E-02 
3.9749E-02 
4.3039E-02 
4.6305E-02 
4.8471E-02 
5.1701E-02 
5.4912E-02 
5.8104E-02 
6.1278E-02 
6.4435E-02 
6.7575E-02 
7.0698E-02 
7.3805E-02 
7.6896E-02 
7.9973E-02 
8.3034E-02 

8.60812-02 
8.9114E-02 
9.0122E-02 
9.2944E-02 
9.5483E-02 
9.7859E-02 
1.0014E-01 
1.0236E-01 
1.0455E-01 
1.0671E-01 
1.0885E-01 
1.2009E-01 
1.5829E-01 
2.0454E-01 
2.3167E-01

Time 
(hr) 
0.000 
0.400 
0.500 
0.800 
1 .100 

1.400 
1.700 
2.000 
2.300 
2.600 
2.900 
3.200 
3.500 
3. 800 
4.000 
4.300 
4.600 
4.900 
5.200 

5.800 
5.800 
6.100 
6.400 
6.700 
7.000 
7 . 7110 

7.900 
8.000 
8.300 
8.600 
8.900 
9.200 
9.500 
9.800 

10.100 
10.400 
12.000 
24.000 
96.000 

720.000

Thyroid 
(rem) 

1.1795E-12 
1.4981E-01 
2.0133E-01 
3.4564E-01 
4.7376E-01 
5.9252E-01 
7.0581E-01 
8.1580E-01 
9.2371E-01 
1.03032'400 
1.1358E+00 
1.2406E+00 
1.3448E+00 
1.4484E200 
1.5172E+00 
1.6201E+00 
1.72242*00 
1.E8243E+00 
1..9258E+00 
2.0269E tOO 
2.1276E+00 
2.2278E+00 
2.3277E+00 
2.4271E+00 
2.!5262E+00 
2.624qE2 *00 

2.72322*00 
2.8211E+00 
2..85377E00 
2.9449E200 
3.0270E+00 
3.1040E+00 
3.1778E+00 
3.2498E+00 
3.3207E+00 
3.3909E+00 
3.4605E+00 
3.8262E+00 
5.0721E+00 
6.6011E+00 
7.5049E+00

I



Worst Two-Hour Doses 

Note: All of the dose locations are shown below but the 
worst t.wo-hour dose is only meaningful for the EAB 

dose location. Please disregard the two-hour worst 

doses for the other dose locations 

ft t f #t H f ft( f t ft ftftftftftlit I Ift It ftft III ff#t ftftft t Oftf tnl ft lf ft ft U l ll ft ft II ft ft ft ft t III

Control 
Time 
(hr) 
0.0 

Exclusio 
Time 
(hr) 
0.0

Room 
Whole Body 

(rem) 
8.8823E-04 

on Area Boundary 
Whole Body 

(rem) 
].3310Ef00

Low Population Zone 
Time Whole Body 
(hr) (rem) 
0.0 5.1819iq-OL

Thyroid TEDE 
(rem) (rem) 

8.1580E-01 2.6253E-02 

Thyroid TEDE 
(rem) (rem) 

5.8938E+01 3.1635E+00 

Thyroid TEDE 
(rem) (rem) 

2.?945.E+01 1.2316E+00
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Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications

Entergy Calculation No. JAF-CALC-RAD-04409, Rev. 0, 

"CR X/Qs Using ARCON96 Code for Post-FHA Releases 
from RB Track Bay Door and RB Vent."

1



CALCULATION CONTINUATION SHEET I SHEET No. I of 43 

CALC. TITLE: CR X/Qs Using ARCON96 Code for Post-FHA Releases from RB 
Track Bay Doors and RB Vent 

CALC. NO.: JAF-CALC-RAD-04409 REVISION NO. 0 

ORIGINATOR/DATE G. Patel REVIEV¢RIDATE N1. Drucker 
05/23/02 05/24!"02 

CALCULATION COVER PAGE 

1D IP-2 0 IP-3 JAF E PNPS 

Calculation No.: JAF-CALC-RAD-04409 Revision Sheet 1 of 43 
0 (Attachments included) 

Title: Status: 
CR X/Qs Using ARCON96 Code for Post-FHA Releases from RB El Preliminary 
Track Bay Door and RB Vent NJ Pending 

"O As-Built 
SQR 0 NQR El Void 

"O Superceded 
Design Basis Calculation? 

Discipline: Meteorology Yes ONo 

This calculation supersedes calculation 

Modification No./Task No/ER No: N/A 

Software Used? Yes 0 No (If Yes, include Computer Run Summary Sheet) 

System No./Name: N/A 

Component No./Name: N/A 

(Attached additional pages if necessary) 

Print/Sign,<____________ 

Preparer: Gopal J. Patel Date: 05/23/2002 
NUCORE Consulting Services, Inc.  

Reviewer/Design Verifier: Mark Druck Date: 05/24/2002 
NUCORE Consulting Services, lnc.F7 2/•' .e.  

Other Reviewer/Desin Verifier: .Date: / 

Approver: Gary C. R6 Date:

I



CALCULATION CONTINUATION SHEET SHEET No. 2 of 43 

CALC. TITLE: CR X/Qs Using ARCON96 Code for Post-FHA Releases from RB 
Track Bay Doors and RB Vent 

S LlIergy CALC. NO.: JAF-CALC-RAD-04409 REVISION NO. 0 

ORIGINATORIDATE G. Patel REVIEWR/DATE M. Drucker 
05/23/02 05/24/02 

RECORD OF REVISIONS 

Calculation Number: JAF-CALC-RAD-04409 

Revision Description of Change Reason For Change 

No.  

0 Original Issue N/A

-r 1

i

I- I

T I

+ I

-t I

-t I



i Eutergy

CALCULATION CONTINUATION SHEET SI-IEET No. 3of43

CALC. TITLE: CR X/Qs Using ARCON96 Code for Post-FHA Releases from RB 
Track Bay Doors and RB Vent 

CALC. NO.: JAF-CALC-RAD-04409 REVISION NO. 0

ORIGINATOR/DATE M. Drucker 
05/24/02

CALCULATION SUMMARY PAGE

Calculation No. JAF-CALC-RAD-04409 Revision No. 0

CALCULATION OBJECTIVE: 

The purpose of this calculation is to determine the 95% atmospheric dispersion factors (x/Qs) (relative 
concentrations) at the James A. FitzPatrick Nuclear Power Plant (JAFNPP) control room (CR) air intake due to 
post-Fuel Handling Accident (FHA) releases from the Reactor Building Track Bay (RBTB) Doors (R-272/1) and 
RB Vent (RV).  

The CR air intake x;Qs are calculated using the NRC-sponsored computer code ARCON96 (Ref. 6.2) and 8-years 
of JAF plant-specific meteorological data (Ref. 6.1). The guidance provided in draft Regulatory Guide DG-1 II1 
(Ref. 6.3) for use of the ARCON96 code and for avoiding the use of the Vent Release Model (mixed mode 
release) in design-basis accident applications, is incorporated in the assessment of x/Q values. The RBTB doors 
and RV releases are treated as ground-level releases.  

CONCLUSIONS: 

The 95% atmospheric dispersion factors (x,'Qs) associated with the potential release paths for the design-basis 
FHA occurring in the reactor building are summarized in Section 8.0.

ASSUMPTIONS: 

The assumptions are listed in Section 4.0 of this calculation.

DESIGN INPUT DOCUMENTS: 

The design inputs are listed in Section 5.0 of this calculation and supporting reference documents are listed in 
Section 6.  

AFFECTED DOCUMENTS: 

Pending 

METHODOLOGY:

The calculation methodology complies with the guidance in Draft Regulatory Guide DG- l Il1 and the ARCON96 
code manual.
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Calculation No.: JAF-CALC-RAD-04409 Revision: 0 Date: 5/24/02

Sheet: 5 of 43 

Subject: CR X/Os Using ARCON96 Code for Post-FHA Releases from RB Track Bay Doors 
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Run No.: See Above Run Date: See Above By: NUCORE

Output Use: Z Variable Values as Noted 

[-] Tape No.: 

F-1 Disk

E] Plot Attached 
M File No.:

Description of Output: See Attachments

Comments:

(Attached additional pages if necessary) 

Review: [ Information Entered Above is Accurate 

1 Input Entry Accurate Based on Echo File Comparison to User Manual 

Z Code Properly Executed (Based on User Manual) 

Z Output Accurately Extracted or Location Specified 

Reviewer Comments:

,qjK PcRu cK'
Date Reviewer (Print/Sign)

5"-- 2,-/- 2o 0 0-1
DatePreparer (Print/Sign)



CALCULATION CONTINUATION SHEET SHEET No. 6 of 43 

CALC. TITLE: CR y/Qs Using ARCON96 Code for Post-FHA Releases from RB 
Track Bay Doors and RB Vent 

8, CALC. NO.: JAF-CALC-RAD-04409 REVISION NO. 0 

ORIGINATOR/DATE G. Patel REVIEWR/DATE M. Drucker 
05/23/02 05/24/02 

TABLE OF CONTENTS 

Section Sheet No.  

Calculation Cover Page I 

Record of Revision 2 

Calculation Summary Page 3 

Calculation Impact Review Page 4 

Computer Run Summary Sheet 5 

Table of Contents 6 

1.0 Background 7 

2.0 Purpose 8 

3.0 Method of Analytical 8 

4.0 Assumptions 10 

5.0 Input and Design Criteria 17 

6.0 References 19 

7.0 Calculation/Analysis 22 

8.0 Results Summary 33 

9.0 Conclusions/Recommendations 36 

10.0 Attachments 37 

ATTACHMENT A - ARCON96 Input/Output File - CR x/Qs for RBTB Door Release 38 

ATTACHMENT B - ARCON96 Input/Output File - CR X/Qs for RV Release 40 

ATTACHMENT C - ARCON96 Input/Output File - CR X/Qs for TB Release 42



CALCULATION CONTINUATION SHEET SHEET No. 7 of 43 

CALC. TITLE: CR X/Qs Using ARCON96 Code for Post-FHA Releases from RB 
Track Bay Doors and RB Vent 

CALC. NO.: JAF-CALC-RAD-04409 REVISION NO. 0 

ORIGINATOR/DATE G. Patel REVIEWR/DATE M. Drucker 
05/23/02 05/24/02 

1.0 BACKGROUND 

The doors and openings that constitute the reactor building (RB) pressure boundary are evaluated 

(Ref. 6.17) to determine the potential post-Fuel Handling Accident (FHA) atmospheric release 

paths. The proposed relaxation of secondary containment (SC) and associated support-system 

operability allows the equipment hatch at EL 369'-6" (Ref. 6.17.a) and RB track bay (RBTB) 

doors (R-272/1 / R-272/2) to remain open during refueling outages and other related systems 

(e.g.; Standby Gas Treatment System (SGTS)) to remain inoperable. Note that the RB is 

alternatively called secondary containment (SC).  

The RBTB doors are at ground level on the south wall of the RB (see Figure 1). They are the 

largest doors into the RB and are capable of accommodating very large items such as railcars, 

spent-fuel casks, etc. The equipment hatch is a large opening in the floor of the refuel floor 

(REF). It also can accommodate very large items, such as spent fuel casks.  

The air from the RF and the floors below the RF is exhausted to the environment via the RB vent 

(RV) during normal plant operations as well as refueling outages (Refs. 6.18 & 6.19). The 

Control Room (CR) doses are analyzed in Reference 6.15 for the post-FHA release through the 

RV, which takes credit for SGTS charcoal filtration. Since the SGTS becomes inoperable during 

a refueling outage due to the relaxation of SC and associated support-system operability, an 

unfiltered release path exists to the environment through the RV should a FHA occur.  

In conclusion, should a FHA occur, the activity from the damaged fuel is postulated to release to 

the environment at ground level through the RBTB doors via the equipment hatch and/or the RV 

via the RB ventilation system. The values of the y/Qs for these release paths are not readily 

available. Therefore, they are calculated in the following sections using the ARCON96 

computer code.
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2.0 PURPOSE 

The purpose of this calculation is to determine the values of the atmospheric dispersion factors 

(x/Qs) (relative concentrations) needed for analysis of post-accident radiological consequences at 

the James A. FitzPatrick Nuclear Power Plant (JAFNPP). Post-accident x/Qs for the control 

room (CR) air intake are those that are not exceeded more than 5.0 percent of the total hours in 

the meteorological data set (i.e., 9 5 th-percentile X/Qs). These x/Q values are determined for the 

post-FHA releases from the RBTB doors (Ref. 6.17.e) and RB Vent (RV) (Ref. 6.16.b).  

The CR air intake x/Qs are calculated using the NRC-sponsored computer code ARCON96 (Ref.  

6.2) and 8-years (1985 to 1992) of JAF plant-specific meteorological data (Ref. 6.1). The 

recommendations provided in Draft Regulatory Guide DG-1 111 (Ref. 6.3) for use of the 

ARCON96 dispersion model are incorporated (e.g., the Vent Release Model (mixed mode 

release) is not used in this analysis). The post-FHA releases through the RBTB doors and the 

RV are modeled as ground-level point sources.  

The ARCON96 computer code is verified by running the code test cases and validated by 

comparing the results.  

3.0 METHOD OF ANALYSIS 

The ARCON96 computer code was developed for calculating the X/Qs for use in control room 

habitability assessments. The ARCON96 code, in conjunction with the guidance in DG- 1111 

(Ref. 6.3), provides a method acceptable to the NRC staff for determining site-specific CR X/Q 
values for radiological habitability assessments. ARCON96 implements improved building 

wake dispersion and low-wind-speed correction algorithms, use of hourly meteorological 

observations, sector averaging and directional-dependent dispersion conditions. CR //Qs are 

calculated for averaging periods ranging from one hour to 30 days in duration.  

The location of the release point of interest is determined with respect to the primary CR air 

intake location based on the dimensions given in the building arrangement drawings (Ref. 6.5
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through 6.9). The cross-sectional area of the structure controls the downwind distance of the 

building wake (see Figures 1, 2 & 3), which is calculated for the prevailing wind. Various 

receptor data (Ref. 6.2, pages 15 & 16) and source data (Ref. 6.2, pages 17 & 18) required for the 

ARCON96 X/Q computations are established in Sections 7.4 through 7.6 based on the plant

specific configuration. The 8-year (1985-1992) JAF site-specific meteorological data files were 

formatted per the instruction format given in Table 1 of DG- 1111 and used as ARCON96 

meteorological data input. The required receptor and source input data are tabulated underneath 

the applicable figures (Figures 1, 2, and 3). The values of CR Y/Qs for the RBTB doors and RV 

are shown in Sections 8.1 and 8.2, respectively.  

CR z/Qs for turbine building releases are analyzed in Reference 6.14 using the Murphy/Campe 

model and the 8-year JAF site-specific meteorological data files. The same X/Qs are reanalyzed 

using the ARCON96 code and the source/receptor geometry given in Reference 6.14, page 55.  

The results are compared in Section 8.3. The ARCON96 test case examples (1 through 4 and 5e) 

are executed in the Microsoft Windows based environment to demonstrate that the code 

produces the identical results as shown in Section 8.4.
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4.0 ASSUMPTIONS 

The regulatory requirements in Draft Regulatory Guide DG-1 11 1 (Ref. 6.3) are adopted as 

assumptions in the following sections. They are incorporated as design inputs along with other 

plant-specific as-built design parameters provided in Section 5.0.  

4.1 Meteorological Data Input - General Considerations 

Design Input 5.1 - 8-years of JAF site-specific meteorological data - meets the following 

DG-1 Il1 RGP 2.1 requirements: 

1. The meteorological data were obtained from the Niagara Mohawk Power 

Corporation, Nine Mile Point Nuclear Generating Stations' (NMPNGSs) 

meteorological monitoring program, which provides the wind speed, wind 

direction and other measured parameters to determine atmospheric stability based 

on the guidance in Regulatory Guide 1.23 (Ref. 6.10 through 6.12). JAF and 

NMPNGS share a common site; therefore, NMPNGS' meteorological data are 

applicable to the JAF plant.  

2. The meteorological data program includes quality assurance provisions consistent 

with Appendix B of 10 CFR Part 50 (Ref. 6.11).  

3. Data are presented as hourly averages as defined in RG 1.23 (Ref. 6.12).  

4. Data are representative of overall site conditions and are free from local effects 

such as building and cooling tower wakes, brush and vegetation, or terrain (Ref.  

6.3).  

5. The 8-years of data used in the ;(/Q assessment are more than sufficient to reflect 

long-term site-specific meteorological trends.  

6. The near-ground atmosphere stability classifications for the ground level release 

are determined based on the vertical temperature difference (AT) measured 

between the lower measurement point at 30 feet and intermediate measurement
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point at 100 feet, using atmosphere stability classification criteria in RG 1.23 

(Ref. 6.12 & 6.14, page 40).  

7. The meteorological data are formatted in the text data files as shown in Table I of 

DG-1 111. The unformatted meteorological data include the following 

information per line (Ref. 6.12, pages 34-36): 

* Identifier 

* Calendar year 

* Julian day (1 to 365/366 days) 

* Hour (24-hr clock, 0 to 23) 

* Upper measurement level (200.0 ft) 

* Wind direction (degrees) 

* Wind speed (mph) 

* Sigma theta (degrees) 

* Ambient temperature (deg. F) 

* Moisture (not available) 

* Similar information for the intermediate measurement level (100 ft) 

* Similar information for the lower measurement level (30.0 ft) 

* Temperature differences between various measurement levels (deg. F) 

* Precipitation (inches of water) 

* Solar radiation (not available) 

* Visibility (not available) 

* Barometric pressure (in of Hg) 

These unformatted data are formatted to include only the critical parameters 

needed as input to the ARCON96 code to calculate X/Qs. The ARCON96 format 

is shown in Table 1 of DG-1 11. The stability classifications were adopted from 

Reference 6.12 and the ARCON96 meteorological data files are compiled in 

Reference 6.1.

ISHEET No. IlI of 43
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4.2 Determination of Source Characteristics 

Design Input 5.2 - Source Data - meets the following DG-1 1 11 RGP 2.2.1 requirement: 

The post-FHA releases through the RBTB doors and RV are qualified to be ground-level 

point sources.  

4.3 Determination of CR Intake (Receptor) Characteristics 

Design Input 5.3 - Receptor Data - meets the following DG-1 1 11 RGP 2.3 

requirements: 

1. Ventilation System Outside Air Intake 

RGP 2.3.1 requires that the CR ventilation system configuration and response 

should be evaluated during the accident condition to identify the CR outside air 

intakes for which X/Q values are calculated. Since the CR envelope is not 

isolated during and following a FHA and the normal and emergency air intakes 

are at the same location (Ref. 6.9.b), the normal air supply flow rate is used with 

the most limiting air intake location (see the following section for determination 

of the most limiting air intake location).  

2. Dual Ventilation Outside Air Intakes 

The requirements of RGP 2.3.2 to identify the limiting and favorable air intakes 

with regard to their X/Q values are met as follows: 

The primary CR air intake is located on the roof of the administrative building at 

Row V and Column 9.6, approximately (Ref. 6.7.b). The roof elevation is 322'

0" (Ref. 6.7.b) and the CR normal air intake elevation is 326'-0" (Ref. 6.8.b). The 

secondary CR air intake is located on the west side of the administrative building 

at Row B and Column 9.7, approximately (Ref. 6.9.a). Due to its location, the
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potential concentration of post-FHA activity at the CR secondary air intake is 

expected to be lower than that at the primary intake. Therefore, per RGP 2.3.2, 

the outside air intake for the CR is assumed to be from the primary intake vent.  

This is based on its' distance being relatively closer to the source points than the 

secondary intake; also, it is in the same wind direction, experiences the same 

building wake and is supplied with the same air flow rate.  

3. Infiltration Pathways 

The typical infiltration pathways that need to be considered in establishing CR 

intake x/Q values are listed in RGP 2.3.3 as follows: 

"* Control Room Envelope (CRE) doorway seals 

"* Personnel movement through CRE doors 

* CRE outside air intake and exhaust isolation dampers 

* Cable tray, conduit and piping penetrations in the CRE 

* Penetrations in ductwork located outside of the CRE and subject to 

negative pressure (e.g. fan suctions) 

* Ductwork that traverses the CRE and contains contaminated air 

* Floor drains 

The CR habitability analysis in Reference 6.15, Table 2.1, page 17 assumes an 

unfiltered air inleakage of 2,100 scfm through DMPR-105, which is located in the 

normal CR HVAC system and fails to close during CR isolation. The infiltration 

pathways listed in RGP 2.3.3 are not considered in this analysis for assessing CR 

X/Q values for releases from the RBTB doors and RV. The reason is the CR 
envelope will be maintained in the normal mode of operation (without taking 

credit for the CR emergency filtration system) and DMPR- 105 remains open to 

supply the normal airflow.
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4.4 Source-Receptor Distance 

Design Input 5.4 - Source-Receptor Distance - meets the DG-1 111 RGP 2.4 

requirement as follows: 

The source-to-receptor-distance is the shortest horizontal distance between the release 

point and intake. Therefore, the actual straight-line horizontal distances between the 

RBTB doors and RV centerlines and the CR intake are used (See Figures 1 and 2).  

4.5 Source-Receptor Direction 

Design Input 5.5 - Source-Receptor Direction - meets the DG- 1111 RGP 2.4 

requirement as follows: 

Wind direction data are recorded as the direction from which the wind blows (e.g., a wind 

blowing out of the west is recorded with a direction of 270 degrees). The JAF facility 
"plant north" is the same as "true north" (Ref. 6.13). Therefore, the actual direction from 

the CR intake to the RBTB doors and RV are south (See Figures 1 & 2) and a south wind 

will carry the plume from the RBTB doors and RV release points to the primary CR air 

intake.  

RGP 3 & 4 mainly discuss the alternative procedures for ground level releases and plume 

rise applications, which are not applicable to the evaluation of 7/Q values in this analysis.  

The qualification requirements of the site-specific experimental data in RGP 5 are 

redundant to those in RGP 2.1 and are incorporated into Assumption 4.1 above.  

4.6 Building Area 

Design Input 5.6 - ARCON96 uses the value of the building area in the high-wind speed 

adjustment for the ground level and vent release models. The actual reactor building
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vertical cross-sectional area, which is the area perpendicular to the south wind direction, 

is used in design input 5.6.  

4.7 Release Height 

Design Input 5.7 - ARCON96 uses the value of the release height to adjust the wind 

speed for the release height, determine the slant path for a ground-level release and 

correct the off-centerline data for elevated releases. The actual release heights, which are 

the centerline height of the RBTB doors and top elevation of the RV, are used in design 

input 5.7.  

4.8 Intake Height 

Design Input 5.8 - ARCON96 uses the value of the intake height to determine the slant 

path for a ground level release and correct the off-centerline data for the stack release 

model. The actual CR air intake centerline height is used in design input 5.8 for this 

analysis.  

4.9 Surface Roughness Length 

Desihn Input 5.9 - ARCON96 uses the value of this parameter in adjusting wind speeds 

to account for differences in meteorological instrumentation height and release height. A 

conservative value of 0.2 in lieu of the default value of 0.1 for most sites (Ref. 6.3, Table 

A-i) is used in design input 5.9.  

4.10 Minimum Wind Speed 

Design Input 5.10 - ARCON96 uses the value of this parameter to identify calm wind 

conditions. The code default wind speed of 0.5 mrs (Ref. 6.3, Table A-i) is used in 

design input 5.10. Consistent with DG- Ill Table A-I, use of the code default wind 

speed of 0.5 m/s is appropriate since the meteorological tower anemometer is capable of 

documenting wind speeds of less than 0.6 m/s (Ref. 6.1).
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4.11 Average Sector Wind Constant 

Design Input 5.11 - ARCON96 uses the value of this parameter to prevent 

inconsistencies between the centerline and sector average z/Qs for wide plumes.  

Although the code default value is 4.0, a conservative value of 4.3 (Ref. 6.3, Table A-1) 

is used in design input 5.11.  

4.12 Lower Measurement Height 

Design Input 5.12 - ARCON96 uses the value of this parameter to adjust the wind 

speeds for the differences between the heights of the instrumentation and the release.  

The actual height of 30 feet is used for the lower instrumentation in design input 5.12.  

4.13 Upper Measurement Height 

Design Input 5.13 - ARCON96 uses the value of this parameter to adjust the wind 

speeds for the differences between the heights of the instrumentation and the release.  

The actual height of 100 feet is used for the upper instrumentation in design input 5.13.  

Calculation JAF-CALC-RAD-00007 (Ref. 6.14, page 40) determined that the 100-foot 

intermediate measurement point is appropriate for near-ground-level releases.
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5.0 INPUT AND DESIGN CRITERIA 

Parameter Value Reference 

5.1 JAF Meteorological Data 1985-1992 6.1, 6.10. & 6.11 
Meteorological Data 

5.2 Source Data 
RBTB Door See Figure 1 Section 7.4.1, Refs. 6.5 thru 6.7 
RB Vent See Figure 2 Section 7.4.2, Refs 6.5, 6.7, 6.8 

& 6.16 
Turbine Bldg See Figure 3 Section 7.4.3, Ref 6.14, P 46-47 

5.3 CR Intake Receptor Data See Figures 1, 2, & 3 Section 7.4.1, Ref. 6.5 thru 6.8 

5.4 Source-Receptor Distance 
RBTB Door 73.55 m Section 7.4.1, Refs. 6.5 thru 6.7 
RB Vent 21.50 m Section 7.4.2, Refs 6.5, 6.7, 6.8 

& 6.16 
Turbine Bldg 28.7 m Section 7.4.3, Refs. 6.14, P 53

55 

5.5 Source-Receptor Direction 
RBTB Door 172.20 Section 7.4.1, Refs. 6.5 thru 6.7 
RB Vent 127.40 Section 7.4.2, Refs 6.5, 6.7, 6.8 

& 6.16 
Turbine Bldg 360' Section 7.4.3, Ref. 6.2 

5.6 Building Wake Area 
RBTB Door 2,284.84 m2  Section 7.4.1, Ref. 6.5 
RB Vent 2,284.84 m2  Section 7.4.2, Ref. 6.5 
Turbine Bldg 1,305 m2  Section 7.4.3. Ref. 6.5 

5.7 Release Height 
RBTB Door 2.74 m Section 7.4.1, Ref. 6.6b 
RB Vent 52.03 Section 7.4.2, Ref.6.16.b 
Turbine Bldg 32.9 m Section 7.4.3, Ref. 6.5.b 

5.8 Intake Height 16.46 m Section 7.4.1, Ref. 6.5.b, 6.7.b, 
& 6.8.b 

5.9 Surface Roughness Length 0.2 m 6.3, Table A-I
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Parameter Value Reference 

5.10 Minimum Wind Speed 0.5 m/s 6.3, Table A-1 

5.11 Averaging Sector Width i 4.3 6.3, Table A-I 
Constant 

5.12 Lower Measurement 30 feet (9.1 m) 6.1 & 6.3, Table A-I 
Height for Meteorological 
Data 

5.13 Intermediate Measurement i 100 feet (30.49 m) 6.1 & 6.3, Table A-I 
Height for Meteorological 
Data
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7.0 CALCULATION / ANALYSIS 

7.1 Control Room Air Intake x/Qs 

7.1.1 Release through Reactor Building Track Bay (RBTB) Door (R-272/1) 

The post-FHA activity is directly released to the environment when the RBTB doors are 

opened during the refueling outage. The track bay is located in the south wall of the 

Standby Gas Treatment Building (Ref. 6.5) (see Figure 1).  

The south wind will carry the post-FHA activity plume from the outer RBTB door to the 

CR air intake. The south wind will be affected by the building wake of the reactor 

building. The cross-sectional area of the reactor building will contribute to the building 

wake diffusion. The south wall surface area of the RB above EL 272'-0W will determine 

the building wake (Ref 6.5 & 6.7). The ARCON96 essential design input parameters are 

calculated in Section 7.4. 1. The ARCON96 input/output file for the RBTB door release 

X/Qs is shown in Attachment A.  

7.1.2 Release through RB Vent (RV) 

The post-FHA unfiltered activity is directly released to the environment through the RV 

when the SGTS is not operable during the refueling outage. The RV is located at the 

northeast comer of the RB (Ref. 6.16.b) (see Figure 2).  

The south wind will carry the post-FHA activity plume from the RV to the CR air intake.  

The south wind will be affected by the building wake of the reactor building. The cross

sectional area of the reactor building will contribute to the building wake diffusion. The 

south wall surface area of the RB above EL 272'-0' will determine the building wake 

(Ref 6.5 & 6.7). The ARCON96 essential design input parameters are calculated in 

Section 7.4.2. The ARCON96 input/output file for the RV release z/Qs is shown in 

Attachment B.
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7.2 Control Room Air Intake x/Qs - Test Case 

Release through Turbine Building (TB)(Test Case) 

The CR intake X/Qs are calculated for the TB release in Reference 6.14, page 16 using 

the Murphy/Campe model and 8-years (1985 to 1992) of JAF site-specific meteorological 

data. The same source/receptor geometry model shown in Figure 3 was analyzed using 

the ARCON96 code with the same 8-years of JAF site-specific meteorological data and 

the results compared in Section 8.3.  

The north wind will carry the post-FHA activity plume from the TB to the CR air intake.  

The north wind will be affected by the building wake of the turbine building. The cross

sectional area of the turbine building will contribute to the building wake diffusion. The 

north wall surface area of the TB above EL 272'-0' will determine the building wake 

(Ref. 6.5). The ARCON96 essential design input parameters are calculated in Section 

7.4.3. The ARCON96 input/output file for the TB release z/Qs is shown in Attachment 

C.  

7.3 Validation & Verification of ARCON96 Code 

The test cases in the ARCON96 manual for Examples 1 through 4 and 5e are executed 

using the ARCON96 code. The calculated results are compared in Section 8.4 with those 

in the ARCON96 User's Manual to demonstrate the consistency of results and ability of 

the code to produce the same results in the different operating environments and 

configurations.
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(Column) 0

32'-9"

EL 326'-0"

Admin Bldg

Plant North 

I t
6.i .....

239'-O"

EL 281'-O"

Figure 1: RBTB Door (Source) & CR Intake (Receptor) Geometry 

Distance to Release Point Direction Wake CR Intake 
Rece ptor Height to Source Area Height 

Release Point (feet) (meters) (feet) (meters) (degrees) (meters 2 (meters) 

RBTB Doors 241.23 73.55 9.00 2.74 172.20 2284.84 16.46
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Figure 2: RV (Source) & CR Intake (Receptor) Geometry

Distance to Release Point Direction Wake CR Intake 
Receptor Height to Source Area Height 

Release Point feet) (meters) (feet) (meters) (degrees) (meters (meters) 

RV 70.53 21.50 170.67 52.03 127.4 2284.84 16.46

bbý.
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PLANT NORTH 
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Figure 3: Turbine Bldg Surface (Source) & CR Intake (Receptor) Geometry (Test Case) 

Distance to Release Point Direction Wake CR Intake 
Receptor Height to Source Area Height 

Release Point (feet) (meters) (feet) (meters) (degrees) (meters 2 (meters) 

Turbine Bldg 94.30 28.70 108.00 32.90 360.00 1305.00 16.46
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7.4 Calculations 

The source/receptor input parameters for the ARCON96 code are calculated in the 

following sections based on the geometry models in Figures 1 through 3 using the plant

specific as-built design information (Ref. 6.5 through 6.9).  

7.4.1 Receptor/Intake Parameters for RBTB Door Release - CR Air Intake X/Qs 

The location of the outer RBTB door (R-272/1) with respect to the CR air intake is shown 

in Figure 1 (Refs. 6.5 through 6.9). The RBTB door location with respect to the CR air 

intake is such that the south wind will predominantly carry effluent from the RBTB door 

to the CR intake. Only the cross-sectional area perpendicular to the south wind is 

considered for the wake diffusion.  

1. Total Cross-Sectional Area Perpendicular to South Wind: 

= Surface area of South wall of RB 

= 151'-0" (Ref. 6.5.b, South View) x (434'-9-1/2" - 272'-0") (Ref. 6.5.b, West 

View) 

= 151' x 162.79' =24,581.29ft2 =2,284.84m 2 

- I 2,284.84 m 

2. Straight Line Distance between RBTB Door and CR Air Intake: 

Step 1: South-North Distance between Centerlines of RBTB Door and CR 

Primary Air Intake: 

= Distance between RBTB Door and Column 1 

"•- Distance between Columns 1 and 8 

"+ Distance between Columns 8 and 9 

"+ Distance between Column 9 and Centerline of Conc. Hood 

- Distance between Centerlines of Conc. Hood and CR South Air Intake
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= 72'-6" (Ref. 6.5.b & 6.6.d) + 151'-0" (Ref. 6.5.a) + 3'-6" (Ref. 6.5.a) + 14'-7" 

(Ref. 6.7.b) - 2'-6" (Ref. 6.8.b, Plan View) 

= 239'-1" -•239' 

Step 2: Net Distance of Centerline of RBTB Door and Centerline of Primary CR 

Air Intake: 

East-West Distance between Centerline of RBTB Door and Centerline of RB (at 

Column T per Ref. 6.5.a) 

= Distance between Centerline of Rail Road Track and Column W + 

Distance between Columns W and T 

= 16'-9" (Ref. 6.6.a) + 20'-0" (Ref. 6.6.a) = 36'-9" 

Distance of Centerline of Primary CR Air Intake from Centerline of RB 

= 4'-0" (Ref. 6.7.b) 

Net Distance of Centerline of RBTB Door and Centerline of Primary CR Air 

Intake 

= 36'-9" - 4%0" = 32'-9" 

Step 3: Straight Line Distance between RBTB Door and CR Air Intake 

[(32.75)2+ (239)2]1/2 = 241.23 ft 

= !73.55 m 

3. Direction (compass point in degrees) of Southerly Wind that Points Directly 

to the CR Air Intake from the RBTB Release Point: 

Step 1: RBTB Direction with Respect to CR Intake 

Height of CR Air Intake 

= 326'-0" (Ref. 6.7.b & 6.8.b) - 272'-0" (Ref. 6.5b) = 54'-O"ft = 16.46 m
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Height of RBTB Door = 18'-0" (Ref. 6.6.b) 

Height of Centerline of RBTB Door = 18'-0"/2 = 9'-0"= 2.74 m 

Height of Release Point = 2.74 m 

RBTB Direction with Respect to CR Intake 

Tan 0 = 32.75/239 = 0.137, therefore 0 = Tan' 0.137 =7.80 

Step 2: Orientation of RBTB Release with Respect to CR Air Intake, Considering 

South Wind 1800 and True North Wind 3600 (Ref. 6.2, page 16) = 1800 - 7.80 

1 172.2' 

7.4.2 Receptor/Intake Parameters for RV Release - CR Air Intake x!Qs 

The location of the RV with respect to the CR air intake is shown in Figure 2 (Refs. 6.7.b 

& 6.16). The RV location with respect to the CR air intake is such that the south wind 

will predominantly carry effluent from the RV to the CR intake. Only the cross-sectional 

area perpendicular to the south wind is considered for the wake diffusion.  

1. Total Cross-Sectional Area Perpendicular to South Wind: 

= Surface Area of South Wall of RB 

= 151'-0" (Ref. 6.5.b, South View) x (434'-9-1/2" - 272'-0") (Ref. 6.5.b, West 

View) 

= 151' x 162.79' = 24,581.29 ft2 = 2,284.84 m2 

1 2,284.84 m 

2. Straight Line Distance between RV and CR Air Intake: 

Step 1: South-North Distance between Centerlines of RV and CR Primary Air 

Intake:

I
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= Distance between Columns 6 and 7 

- Distance between Column 6 and Centerline of RV 

"± Distance between Columns 7 and 8 

"+ Distance between Columns 8 and 9 

"+ Distance between Column 9 and Centerline of Conc. Hood 

- Distance between Centerlines of Conc. Hood and CR South Air Intake 

= 18'-6" (Ref. 6.16.c) - (6'-3" + /2 (7'-0") (Ref. 6.16.c) + 18'-6" (Ref. 6.16.c) + 

3'-6" (Ref. 6.5.a) + 14'-7" (Ref. 6.7.b) - 2'-6" (Ref. 6.8.b, Plan View) 

= 42'-10" = 42.83' 

Step 2: Net Distance of Centerline of RV and Centerline of Primary CR Air 

Intake: 

East-West Distance between Centerline of RV and Centerline of RB (at Column T 

per Ref. 6.5.a): 

= (Distance between Columns T and W + Distance between Columns W and Y) 

+ Distance between Columns Y and Y3/4 

- (Distance between Column Y3/4 and Edge of RV Duct + ½ (Width of RV 

Duct)) 

= (20'-0" + 27'-9") (Ref. 6.16.b) + 16'-3-1/2" (Ref. 6.16.b) - (6" + ½/2 (7'-0")) 

(Ref. 6.16.b) = 47'-9" + 16'-3-1/2" - 4'-0" = 60'-1/2" = 60.04' 

Distance of Centerline of Primary CR Air Intake from Centerline of RB 

= 4'-0" (Ref. 6.7.b) 

Net Distance of Centerline of RV and Centerline of Primary CR Air Intake 

= 60.04 - 4'-0" = 56.041 

Step 3: Straight Line Distance between RBTB Door and CR Air Intake 

= [(42.83) 2 + (56.04) 2]-1/2 = 70.53 ft 

= 21.5m
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3. Direction (compass point in degrees) of Southerly Wind that Points Directly 

to the CR Air Intake from the RV Release Point: 

Step 1: RV Direction with Respect to CR Intake 

Height of CR Air Intake 

= 326'-0" (Ref. 6.7.b & 6.8.b)-272'-0" (Ref. 6.5b) = 54'-0"ft = 16.46 m 

Elevation of RV = 442'-8" (Ref. 6.16.b, North Elevation View) 

Height of RV Release Point = 442'-8" - 272'-0" (Ref. 6.5b) = 1701-8" = 52.03 m 

RV Direction with Respect to CR Intake 

Tan 0 = 56.04/42.83 = 1.308, therefore 0 = Tan' 1.308 = 52.60 

Step 2: Orientation of RV Release with Respect to CR Air Intake, Considering 

South Wind 1800 and True North Wind 3600 (Ref. 6.2, page 16) = 1800- 52.6' 

- 127.40 

7.4.3 Wake Area for Turbine Building Release X/Qs - CR Air Intake (Test Case) 

The location of the turbine building with respect to the CR air intake is shown in Figure 3 

(Ref. 6.14, pages 46, 47 & 55). The TB location with respect to the CR air intake is such 

that the wind from the north will predominantly carry effluent from the TB to the CR air 

intake. Only the cross-sectional area perpendicular to wind from the north is considered 

for the wake diffusion.  

1. Total Cross-Sectional Area Perpendicular to Wind from the North 

= Surface area of North wall of TB 

= 130'-0" (Ref. 6.5a [Column B to C]) 

x (3801-0" - 272'-0") (Ref. 6.5.b, West View) 

= 130' x 108' = 14,040 fi2 = 1,305 m2 

1 1,305 m' -
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2. Shortest Distance between TB Release Point and CR Intake 

The rectangular turbine building was converted into a cylinder with the same 

cross-sectional area for use in the Murphy/Campe dispersion model in JAF

CALC-RAD-00007 (Ref. 6.14, pages 43 and 53) and the equivalent diameter was 

determined. The source/receptor geometry shown in Figure 3 is the same as that 

shown in Ref. 6.14, page 55.  

Shortest Distance between TB Cylindrical Surface and CR Intake = 94.3' (Ref.  

6.14, pages 54 & 55) 

1 28.7m 

3. Direction (compass point in degrees) of Northerly Wind that Points Directly 

to the CR Air Intake from the TB Release Point: 

Height of CR Air Intake 

= 326'-0" (Ref. 6.7.b & 6.8.b) -272'-0" (Ref. 6.5.b) = 54'-0"ft = 16.46 m 

Elevation of TB Roof= 380'-0" (Ref. 6.5.b) 

Height of TB = 380'-0" - 272'-0'"= 108'-0" = 32.9 m 

Height of Release Point = 32.9 m 

Orientation of TB Release with Respect to CR Air Intake, Considering South 

Wind 1800 and True North Wind 3600 (Ref. 6.2, page 16) 

1 360'
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RESULTS SUMMARY 

Control Room X/Qs for Reactor Building Track Bay Door Release 

The 95% control room air intake X/Qs for the RBTB door release are summarized in the 

following table:

CR 95% X/Qs for RBTB 
Door Release 

Time CR 
Interval z/Q 

(hrs) (s/mr) 
0 - 2 9.07E-04 

2 - 8 8.27E-04 

8-24 3.59E-04 
24-96 2.33E-04 

96 - 720 2.03E-04

8.2 Control Room X/Qs for RB Vent Release 

The 95% control room air intake X/Qs for the RV release are summarized in the 

following table:

CR 95% X/Qs for RB 
Vent Release 

Time CR 
Interval z/Q 

(hrs) (s/mr) 

0 - 2 3.52E-03 
2-8 3.31E-03 
8-24 1.43E-03 

24 - 96 7.73E-04 

96 - 720 6.07E-04

8.0 

8.1
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8.3 Control Room X/Qs for Turbine Building Release (Test Case) 

The existing 95% control room air intake z/Qs for the Turbine Building release are 

obtained from Reference 6.14, page 16 and compared with the newly developed 

ARCON96 x/Qs in the following table:

CR 95% X/Qs for TB Release 
Time Control Room Intake 

Interval ARCON96 Existing 

X/Q X/Q 
(hrs) (s/IM 3) (s/m 3) 

0-2 4.69E-03 
2 - 8 4.02E-03 

0 - 8* 4.19E-03 3.29E-03 

8-24 1.43E-03 2.81E-03 
24 - 96 9.36E-04 2.OOE-03 

96- 720 7.12E-04 1.22E-03
*0 - 8 hr ARCON96 x/Q 

= [(4.69E-03 x 2) + (4.02E-03 x 6)] / 8 = 4.19E-03

8.4 Comparison of Results - ARCON96 Test Cases vs. V&V Cases 

The ARCON96 test case examples are re-executed after installing ARCON96 on the 

Microsoft Windows-based computer. In the following table, the results are compared 

with those in the ARCON96 User's Manual to demonstrate the code's ability to produce 

consistent results.



CALCULATION CONTINUATION SHEET SHEET No. 35 of 43 

CALC. TITLE: CR X/Qs Using ARCON96 Code for Post-FHA Releases from RB 
Track Bay Doors and RB Vent 

8 " CALC. NO.: JAF-CALC-RAD-04409 REVISION NO.  

ORIGINATOR/DATE G. Patel REVIEWR/DATE M. Drucker 
05/23/02 05/24/02 

Comparison of ARCON96 Test Cases vs. V&V Cases 

Time Interval (hrs) 

Example Release Case X/Q Values (s/mr3) 
No. Category Analyzed 0-2 2-8 8-24 24-96 96-720 

1 Ground Test 1.43E-03 1.04E-03 5.46E-04 4.49E-04 3.75E-04 

EXIVV 96 Level V&V 1.43E-03 1.04E-03 5.46E-04 4.49E-04 3.75E-04 

2 Uncapped Test 1.94E-03 1.71E-03 7.74E-04 5.37E-04 2.74E-04 
EX2VV 96 Vent V&V 1.94E-03 1.71E-03 7.74E-04 5.37E-04 2.74E-04 

3 Capped Test 1.04E-02 8.12E-03 4.OOE-03 3.03E-03 1.82E-03 

EX3VV 96 Vent V&V 1.04E-02 8.12E-03 4.OOE-03 3.03E-03 1.82E-03 

4 Stack Test 1.53E-05 1.61E-05 3.67E-06 3.71E-06 3.55E-06 

EX4VV 96 V&V 1.53E-05 1.61E-05 3.67E-06 3.71E-06 3.55E-06 

5e Multiple Test 6.73E-04 4.43E-04 1.40E-04 1.60E-04 1.38E-04 
ex5ev 96 Vent V&V 6.73E-04 4.43 E-04 1.40E-04 1.60E-04 1.38E-04
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9.0 CONCLUSIONS/RECOMMENDATIONS 

9.1 Control Room X/Qs for Reactor Building Track Bay Door and RB Vent Releases 

The 95% atmospheric dispersion factors (X/Qs) for the post-FHA release through the 

RBTB doors and RV are summarized in Sections 8.1 and 8.2 respectively. The RBTB 

door and RV releases are assumed to be ground-level release. These z/Qs should be used 

for the design basis FHA occurring in the reactor building with the releases from the 

RBTB doors and RV.  

Regulatory Exceptions 

NONE 

9.2 Control Room x/Qs for Turbine Building Release (Test Case) 

The existing 95% control room air intake X/Qs for the Turbine Building release are 

compared with the newly developed ARCON96 X/Qs in Section 8.3. The slight 

differences in the results are due to the ARCON96 code treatment.  

9.3 ARCON96 Test Cases vs. V&V Cases 

The results of selected ARCON96 test cases are compared in Section 8.4. They 

demonstrate that the ARCON96 code produces identical results for the test cases.
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10.0 ATTACHMENTS 

CD with the following electronic files: 

"* JAF Calculation: JAF-CALC-RAD-04409, Rev 0 

"* ATTACHMENT A - ARCON96 Input/Output File - Control Room X/Qs for RBTB 
Door Release 

"* ATTACHMENT B - ARCON96 Input/Output File - Control Room X/Qs for RV 
Release 

"* ATTACHMENT C - ARCON96 Input/Output File - Control Room X/Qs for TB 
Release 

"* Electronic Files for ARCON96 Test Case Examples 1 through 4 & 5e: 

"• ARCON96 Input/Output File - ARCON96 Code Test Example 1 V&V Case 

"* ARCON96 Input/Output File - ARCON96 Code Test Example 2 V&V Case 

"* ARCON96 Input/Output File - ARCON96 Code Test Example 3 V&V Case 

"* ARCON96 Input/Output File - ARCON96 Code Test Example 4 V&V Case 

"* ARCON96 Input/Output File - ARCON96 Code Test Example 5e V&V Case 

"* Meteorological Data Files - 1985 through 1992 

"* Design Verification Comments

Release ARCON96 File 
Category Name Size Date Time 

RBTB Door JRBTB.Iog 6 KB 3/4/02 22:51:29 
Plant Vent JRBVENT.log 6 KB 5/7/02 07:19:28 
Turbine Bldg JCRTB30.1og 6 KB 3/4/02 23:28:28 
Ground Level EXIVV 96.log 5 KB 3/3/02 10:45:06 
Uncapped Vent EX2VV 96.log 5 KB 3/3/02 10:45:33 
Capped Vent EX3VV 96.log 5 KB 3/3/02 10:45:52 
Stack Release EX4VV 96.log 5 KB 3/3/02 10:46:24 
Multiple Vent ex5ev 96.1og 5 KB 3/3/02 10:59:25
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ATTACHMENT A 

ARCON96 Input/Output File - Control Room x/Qs for RBTB Door Release

Program Title: ARCON96.  

Developed For: U.S. Nuclear Regulatory Commission 

Office of Nuclear Reactor Regulation 

Division of Reactor Program Management 

Date: June25,1997 11:00a.m 

NRC Contacts: J. Y. Lee Phone: (301) 415 1080, e-mail: jyll@nrc.gov 

J. J. Hayes Phone: (301) 415 3167, e-mail: hh@nrc.gov 

L. A Brown Phone: (301) 415 1232, e-mail: lab2@nrc.gov 

Code Developer: J. V. Ramsdell Phone: (509) 372 6316, e-mail: 

j_ramsdell@pnl.gov 

Code Documentation: NUREG/CR-6331 Rev. I 

The program was prepared for an agency of the United States Government.  
Neither 

the United States Government nor any agency thereof, nor any of their 

employees, makes any warranty, expressed or implied, or assumes any legal 

liability or responsibilities for any third party's use, or the results of such 

use, of any portion of this program or represents that its use by such third

party would not infringe privately owned rights.  

Program Run 3/4/2002 at 22:51:29 

******..ARCON INPUT .......  

Number of Meteorological Data Files = 8 

Meteorological Data File Names 

Co ARCON96\FITZ100\FITZ3085.MET 

C:%ARCON96\FITZ1 00\FITZ3086. MET 

C:\ARCON96\FITZ1 00\FITZ3087.MET 

C:\ARCON96\FITZ1 00\FITZ3088.MET 

C:ARCON96\FITZ1 00\FITZ3089.MET 

C: ARCON96\FITZ100\FITZ309O.MET 

C:\ARCON96\FITZ100\FITZ3091 .MET 

C:\ARCON96\FITZ1 00\FITZ3092.MET

Height of lower wind instrument (m) 

Height of upper wind instrument (m) 

Wind speeds entered as miles per hour

Ground-level release 

Release height (m) 

Building Area (m^2)

9.1 

30.5

= 2.7 

= 2284.8

Effluent vertical velocity (m/s) 

Vent or stack flow (m^3/s) =

.00 

.00



Vent or stack radius (m) = .00

Direction .. intake to source (deg) 

Wind direction sector width (deg) = 

Wind direction window (deg) -

172 

90 

127-217

Distance to intake (m) = 73.6 

Intake height (m) = 16.5 

Terrain elevation difference (m) = ,0

Output file names 

JRBTB30,log 

JRBTB30cdf

Minimum Wind Speed (mis) = .5 

Surface roughness length (m) = .20 

Sector averaging constant 4.3 

Initial value of sigma y = .00 

Initial value of sigma z = .00 

Expanded output for code testing not selected 

Total number of hours of data processed = 70128 

Hours of missing data = 1826 

Hours direction in window 22527 

Hours elevated plume w/ dir, in window = 0 

Hours of calm winds = 2293 

Hours direction not in window or calm = 43482

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL 

AVER PER. 1 2 4 8 12 24 96 168 360 720 

UPPER LIM. 1.00E-02 1.OOE-02 1.00E-02 1.00E-02 1.00E-02 1.OOE-02 1.OOE-02 1.00E-02 1.00E-02 1 00E-02 

LOWLIM. 1.OOE-06 1.00E-06 1.OOE-06 1.00E-06 1.00E-06 1.00E-06 1.00E-06 1.OOE-06 1.00E-06 1.00E-06

ABOVE RANGE 0. 0. 0. 0. 0. 0. 0.  

IN RANGE 24820. 28186. 32997. 39852. 45462. 54928.  

BELOW RANGE 0. 0 0. 0. 0. 0. 0.  

ZERO 43482. 39910, 34710 27109. 21792. 12046.  

TOTAL XiQs 68302. 68096. 67707. 66961. 67254. 66974, 

% NON ZERO 36.34 41.39 48.73 59.52 67.60 82.01

95th PERCENTILE XIQ VALUES 

9.07E-04 9.OOE-04 8.82E-04 8.47E-04 

95% X/Q for standard averaging intervals

0, 0. 0.  

65665. 65193. 64453. 64219.  

0. 0. 0.  

379. 1. 0. 0.  

66044, 65194. 64453. 64219.  

99.43 100.00 100.00 100-00

7.07E-04 5 22E-04 3.05E-04 2.63E-04 2.33E-04 2.17E-04

0 to 2 hours 9.07E-04 

2 to 8 hours 8.27E-04 

8 to 24 hours 3.59E-04 

1 to 4 days 2.33E-04 

4 to 30 days 2.03E-04 

HOURLY VALUE RANGE 

MAX XI0 MIN XIQ 

CENTERLINE 1 24E-03 3.20E-04 

SECTOR-AVERAGE 7.24E-04 1.87E-04 

NORMAL IPR(ORAM COMPLI [ION

CALCULATION CONTINUATION SHEET SHEET No. 39 of 43 

Aft, CALC. TITLE: CR x/Qs Using ARCON96 Code for Post-FHA Releases from RB 
.._Ene Track Bay Door and RB Vent 

CALC. NO.: JAF-CALC-RAD-04409 REVISION NO. 0 

ORIGINATOR/DATE G. Patel REVIEWR/DATE M. Drucker 
05/24/02 05/25/02



CALCULATION CONTINUATION SHEET SHEET No. 40 of 43 

CALC. TITLE: CR X/Qs Using ARCON96 Code for Post-FHA Releases from RB 
Track Bay Door and RB Vent 

0Y CALC. NO.: JAF-CALC-RAD-04409 REVISION NO. 0 

ORIGINATORIDATE I G. Patel REVIEWR/DATE M. Drucker 
05/24/02 05/25/02 

ATTACHMENT B 

ARCON96 Input/Output File - Control Room X/Qs for RV Release

Prograln Title: ARCON96 

Developed For: US. Nuclear Regulatory Commission 

Office of Nuclear Reactor Regulation 

Division of Reactor Program Management 

Date: June 25, 1997 11:00 aim.  

NRC Contacts: J. Y. Lee Phone: (301)415 1080 

e-iiail: jyl I @anrc.gov 

J. J. Ilayes Phone (301)415 3167 

e-mail: jjh@nrc.gov 

L.A Brown Phone:(301))415 1232 

e-mail: lab2@nrc.gov 

Code Developer: J. V. Ramsdell Phone (509) 372 6316 

e-iiail: j rainsdell(Thpnil gov 

Code Documentation: NUREG/CR-6331 Rev. I 

'Tire program was prepared for an agency of the United States Goveinmnent. Neither 

the United States Government nor any agency thereof, nor any of their 

employees, makes any warranty, expiessed or implied, or assumes any legal 

liability or responsibilities for any third party's use, or the results of such 

use, of any portion of this ptogiarni o hlrepresents that its use by such third

party would not infiinge privately oiwned rigts 

Programn Run 5/ 7/2002 at 07 19 28 

******* ARCON INPIJT *****r**** 

Number of Meteorological Data Files - 8 

Meteorological D)ata File Names 

C:\ARCON96\FWIT 100\FITZ3085 MFT 

C:\ARCON96\FITZi 00\FITZ3086.MET 

C.\ARCON96\FlITZIOOFITZ3087TMLFT 

C:\ARCON96\FITZl 00\FlTZ3088. MLT 

C:\AKRCON96\FITZ 100\IoITZ3089.MET 

C:\ARCON96\FITZ I00\FITZ3090.MFt 

C:\ARCON96\FI'TIZ 00\1 1TZ3091 .MET 

C:\ARCON96\FlITZl OO\FlI1Z3092.MIl'

I teight of lower wind instu ment (iii) 

-euight of upper wind instrument (tit) 

Wind speeds enteled as miles per hour

Ground-level release 

Release height (lii) 

Building Area (ii^2) 

I'fMiuenlt vertical velocity (Iu/s)

9.1 

30.5

52.0 

2284,8 

0o



Vent or stack flow (in^
3
/s) - 00 

Vent or stack radius (in) 0 

Direction .. intake to sorice (deg) 127 

Wind direction sector width (deg) - 90 

Wind direction window ((eg) 0982 - 172 

Distance to intake (in) 21 5 

Intake height (Imt) 16.5 

Terrain elevation difference (in) - .0 

Output file natses 

JRBVENT.log 

JRBVENT.cdf 

Minimumn Wind Speed (ni/s) 5 

Surface roughness length (in) .20 

Sector averaging constant 4.3 

Initial value of sigma y .00 

Initial value of sigma z 1)0 

Expanded output Ibr code testing no[ selected 

Total number of hours of (lita processed - 70128 

lours of missing dala 1826 

I fours direction in window 16285 

1lours elevated plume w/ dir, in window ( 0 

1 louts ofcalni winds 2388 

I lours direction not in window oi calm -- 49629

DI)STRIlIt TION SUMMARY DATA BY AVERAGING INTERVAL 

AVER, PERR 1 2 4 8 12 24 96 168 360 720 

UIPI.ER LIM. 1.00E-02 1.00E-02 1.001:-02 1.00E-02 1.001.'-02 1.00E-02 1.00E:-02 1OOE-02 1.00E-02 1.00E-02 

LOW LIM I00E-06 OOE-06 1.00F-06 1.00E-06 I.OOE-06 I.00E-06 1.00E-06 1.00E-06 IOOE-06 1.00E-06 

AIBOVE RAN(iI 0 0 0' 0 0. . 0, 0. 0 0 , 

IN RANGE 18673. 21150. 24895 30544. 35497. 45787. 64517. 65141 64453. 64219.  

BEL.OW RANGE 0 0. 0. 0 0 0 0. 0. 0. 0.  

ZERO 49629. 46946. 42812. 36417 31757. 21187. 1527. 53. 0. 0.  

TOTlAL X/Qs 68302. 68096. 67707 66961. 67254. 66974. 66044. 65194. 64453. 64219.  

% NON ZERO 27.34 31.06 3677 45.61 52.78 68.37 97.69 99.92 100.00 100.00 

95th PERCENTII1.E X/Q VALUES 

352E-03 3.5F-03 3.47F-03 336E-03 2,801--03 2.08EI-03 I.IOE-03 9.16E-04 754E-04 6.72F-04 

95% X/Q fur standard averaging intervals 

0 to 2 hours 3.52E-03 

2 to 8 hours 3.311E-03 

8 to 24 lotuis 1,43E-03 

I to 4 days 7 73F-04 

4 to 30 days 6.071"-04 

!1HJRILY VALUE RANGE 

MAX X/Q MIN X!Q 

CINTERIA NI' 4,541'-03 6,261:-04 

SECCTOR-AVERAGE 2.65E-03 3.65E-04 

NORMAL PROGRAM COMPLETION

CALCULATION CONTINUATION SHEET SHEET No. 41 of 43 

CALC. TITLE: CR X/Qs Using ARCON96 Code for Post-FHA Releases from RB 
___- Track Bay Door and RB Vent 

CALC. NO.: JAF-CALC-RAD-04409 REVISION NO. 0 

ORIGINATORIDATE G. Patel REVIEWR/DATE M. Drucker 
05/24/02 05/25/02



CALCULATION CONTINUATION SHEET SHEET No. 42 of 43 

CALC. TITLE: CR X/Qs Using ARCON96 Code for Post-FHA Releases from RB 
Track Bay Door and RB Vent nt"ergy CALC. NO.: JAF-CALC-RAD-04409 REVISION NO. 0 

ORIGINATOR/DATE G. Patel REVIEWR/DATE M. Drucker 
05/24/02 05/25/02 

ATTACHMENT C 

ARCON96 Input/Output File - Control Room X/Qs for TB Release

Program Titleý ARCON96.  

Developed For: U.S. Nuclear Regulatory Commission 

Office of Nuclear Reactor Regulation 

Division of Reactor Program Management 

Date: June 25, 1997 t 1:00 a.m.  

NRC Contacts: J. Y Lee Phone:(301)415 1080, e-mail:jyll@itrc.gov 

J. J. I ayes Plone: (301) 415 3167, e-iuail: jjh@nrc.gov 

L. A Brown Phone: (301)415 1232, e-mail: lab2('ohnrc gov 

Code Developer: J. V. Ramsdell Phone: (509) 372 6316, e-mail: j ramsdell opnl.gov 

Code Documentation: NUREG/CR-6331 Rev. I 

The program was prepared for an agency of t[le United States Government. Neithei 

the United States Governmelit nor any agency thereof, nor any of their 

eitlioyces, Imakes aliy watlillly, explessed or ilplied, Ol assiilies a•ty legal 

liability or responsibilities for any thuid party's use, or the results of such 

use, of any portion of this pioggani o1 rcpresents that its use by such third 

party would not iniinige privately owned rights.  

Piogmin Run 3/ 4/2(0(2 al 23128 29 

******* ARCON INPUT -........* 

Numbet of Meteoiological I)ata Hl'es 8

Meteorological D)ata File Names 

C:\ARCON96\F ITZ I 00\FITz3085.MEl 

C:\ARCON96\FITZI00\FITZ3086. MET 

C:\ARCON96\FIT L100\FITZ3087.MET 

C \ARCON96\FIlTI Z100\1FZ1 3088.MET 

C:\ARCON96\F[lTz100\FITZ3089 MET 

C:\AR('ON96\F IIT/ ZIOO\F IT/Z3090.MFET 

C:\ARCON96\ITZ I 00\: ITZ3091 .MET 

C:\ARCON96\FIT/ZI 00\F 1TZ3092.MET

Hleight of lower wind instrument (i) 

I height of upper wind instrument (i) = 

Wind speeds entered as miles per hour

9.1 

30.5

Giound-level release 

Release height (lii) 329 

Building Area (in 2) - 1305.0 

l-fliient vertical velocity (lii/s) .00 

VCiit il slack flow (ill^
3
/s) .00 

Vent or stack radius (ii) .00 

I)ireclion.. intake to source (deg) 360 

Wind direction sector width (deg) 90 

Wiil direction window (deg) 315 - 045 

Distance to intake (iii) 287



Intake height (ii) 

Terrain elevation diffejence (ii) 

Output file names 

JCRTB30.1og 

JCRTrB30.cdf 

Minimum Wind Speed (m/s) 

Surface roughness length (mn) 

Sector averaging constant 

Initial value of sigma y 

Initial value of sigma z

16.5 

.0 

.5 

.20 

43 

.00 

.00

Expanded output for code testing not selected 

Total number of hours of data processed = 70128 

Hours of missing data 1826 

flours direction in window 13154 

I lous elevated plume w/ dir. in window - 0 

Sfours ofcaln winds ý 2490 

flours direction not in wiidow or calm - 52658

DISTRIBUTION SUMMARY IDATA BY AVERAGING INTERVAL 

AVER. PER. I 2 4 8 12 24 96 168 
360 720 

UPPI-R LIM. 1.001:-02 1,001--02 1.001--02 1,00E-02 1.001:--02 I OOE-02 I 00E-02 I 001- : I (511
02 1.00E-02 

LOW I M. 1 00E-06 1.001E-06 I.OOE-06 1.00E-06 1,001-06 1OOE-06 1.00I1l-06 I.00E-0s 1.001
06 1.00E-06 

ABOVE RANGE 0. 0. 0. 0. 0 0. 0. 0. 0 0.  

IN RANGE 15644. 18255. 22309. 28298. 33336. 44011, 63579. 64990. 64451 
64219.  

BELOW RANGI 0 0. 0. 0. 0. 0. 0 81t. 0.  

ZERO 52658. 49841. 45398. 38663. 33918 22963. 2465. 123. 0.  

TOTAL X/Qs 68302. 68096. 67707. 66961. 67254, 66974, 66044, 65194. 644-3.  
64219.  

% NON ZERO 22.90 26.81 32.95 42.26 49.57 65.71 96.27 99.81 100,00 10000

95th PERCENTILE XtQ VAILUES 

4.69E-03 4,65E1-03 4,52E-03 4.19E-03 3.38E-03 2.35E-03 
7.89E-04 

95N XiQ lor standard averaging intervals 

0 to 2 hours 4.69E-03 

2 to 8 hours 4.02E-03 

8 to 24 hours 1,43E-03 

I to 4 days 9,36E-04 

4 to 30 days 7.12E-04 

IIOURLY VALUE RANGE 

MAX X/Q MIN X/Q 

CENTERLINE 7. 10lE-03 5.98E-04 

SECTOR-AVERAGE 4.14E-03 3.49E-04 

NORMAl. PROGRAM COMPLETION

1.29E-03 1.07E-03 8.741:-04

CALCULATION CONTINUATION SHEET I SHEET No. 43 of 43 

____ jCALC. TITLE: CR X/Qs Using ARCON96 Code for Post-FHA Releases from RB ift~rtergyTrack Bay Door and RB Vent 
LJ(egyCALC. NO.: JAF-CALC-RAD-04409 REVISION NO. 0 

ORIGINATORIDATE G. Patel REVIEWR/DATE M. Drucker 
05/24/02 05/25/02



Attachment 4 to JPN-02-016

Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications

Proposed Changes to the 
FitzPatrick Technical Specifications regarding 

Proposed License Amendment for a Limited Scope Application 
of the Alternate Source Term Guidelines in NUREG-1465 

Related to the Re-evaluation of the 
Fuel Handling Dose Consequences 

Marked-Up Pages
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Attachment 4 to JPN-02-016

Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications

The following Technical Specifications are affected by this change request.

Technical Specification Section'

3.3.6.2 
3.3.7.1 
3.6.4.1 

3.6.4.2 

3.6.4.3 

3.7.3 

3.7.4 

3.8.2 

3.8.5 
3.8.8 

B 3.3.6.2 
B3.3.7.1 
B3.6.4.1

B 3.6.4.2

B 3.6.4.3

B 3.7.3

B 3.7.4 

B 3.8.2

Pagce(s) New ITS 2 Pagie 
Number 

3.3-61 3.3.6.2-4 
3.3-62 3.3.7.1-1 
3.6-37 3.6.4.1-1 
3.6-38 3.6.4.1-2 
3.6-39 3.6.4.2-1 
3.6-41 3.6.4.2-3 
3.6-43 3.6.4.3-1 
3.6-44 3.6.4.3-2 
3.7-7 3.7.3-1 
3.7-8 3.7.3-2 
3.7-9 3.7.3-3 

3.7-11 3.7.4-1 
3.7-12 3.7.4-2 
3.7-13 3.7.4-3 
3.8-12 3.8.2-1 
3.8-13 3.8.2-2 
3.8-14 3.8.2-3 
3.8-22 3.8.5-1 
3.8-30 3.8.8-1 

B 3.3-191 B 3.3.6.2-6 
B 3.3-200 B 3.3.7.1-3 
B 3.6-84 B 3.6.4.1-1 
B 3.6-85 B 3.6.4.1-2 
B 3.6-86 B 3.6.4.1-3 
B 3.6-87 B 3.6.4.1-4 
B 3.6-90 B 3.6.4.2-1 
B 3.6-92 B 3.6.4.2-3 
B 3.6-94 B 3.6.4.2-5 
B 3.6-95 B 3.6.4.2-6 
B 3.6-98 B 3.6.4.3-2 
B 3.6-99 B 3.6.4.3-3 

B 3.6-100 B 3.6.4.3-4 
B 3.6-101 B 3.6.4.3-5 
B 3.7-16 B 3.7.3-2 
B 3.7-17 B 3.7.3-3 
B 3.7-19 B 3.7.3-5 
B 3.7-20 B 3.7.3-6 
B 3.7-21 B 3.7.3-7 
B 3.7-25 B 3.7.4-3 
B 3.7-26 B 3.7.4-4 
B 3.7-27 B 3.7.4-5 
B 3.8-27 B 3.8.2-1 
B 3.8-29 B 3.8.2-3

2



Attachment 4 to JPN-02-016

Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications

Technical Specification Section1

B 3.8.5 

B 3.8.8

Page(s) 

B 3.8-30 
B 3.8-31 
B 3.8-54 
B 3.8-55 
B 3.8-56 
B 3.6-57 
B 3.8-74 
B 3.8-75 
B 3.8-76

New ITS 2 Paqe 
Number 

B 3.8.2-4 
B 3.8.2-5 
B 3.8.5-1 
B 3.8.5-2 
B 3.8.5-3 
B 3.8.5-4 
B 3.8.8-1 
B 3.8.8-2 
B 3.8.8-3

Changed Bases pages are included for information only.  
Page numbers will change as a result of ITS repagination. This column cross-references 
the pages number in this submittal and the repaginated version.

3

Notes:
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Attachment 4 to JPN-02-016

Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications 

Table of Text Inserts 

Insert A (page B 3.3-191) 

Due to radioactive decay, the Function is only required to isolate secondary containment during 
fuel handling accidents involving handling recently irradiated fuel (i.e., fuel that has occupied part 
of a critical reactor core within the previous 96 hours.) 

Insert B (page B.3.3-200) 

Also due to radioactive decay, this Function is only required to initiate the CREVAS System 
during fuel handling accidents involving handling recently irradiated fuel (i.e., fuel that has 
occupied part of a critical reactor core within the previous 96 hours.) 

Insert C (pages B 3.6-84, B 3.6-90, B 3.6-98 and B 3.7-16) 

involving handling recently irradiated fuel (i.e., fuel that has occupied part of a critical reactor 
core within the previous 96 hours) 

Insert D (page B 3.6-85) 

Due to radioactive decay, secondary containment is only required to be OPERABLE during fuel 
handling involving handling recently irradiated fuel (i.e., fuel that has occupied part of a critical 
reactor core within the previous 96 hours).  

Insert E (pa e B 3.6-92) 

Due to radioactive decay, SCIVs are only required to be OPERABLE during fuel handling 
involving handling recently irradiated fuel (i.e., fuel that has occupied part of a critical reactor 
core within the previous 96 hours).  

Insert F (page B 3.6-99) 

Due to radioactive decay, the SGT system is only required to be OPERABLE during fuel 
handling involving handling recently irradiated fuel (i.e., fuel that has occupied part of a critical 
reactor core within the previous 96 hours).  

Insert G (page B 3.7-17) 

Due to radioactive decay, the CREVAS system is only required to be OPERABLE during fuel 
handling involving handling recently irradiated fuel (i.e., fuel that has occupied part of a critical 
reactor core within the previous 96 hours).  

Insert H (page B 3.7-25) 

Due to radioactive decay, the Control Room AC system is only required to be OPERABLE during 
fuel handling involving handling recently irradiated fuel (i.e., fuel that has occupied part of a 
critical reactor core within the previous 96 hours).

4



Attachment 4 to JPN-02-016

Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications 

Insert I (page B 3.8-27) 

involving handling recently irradiated fuel. Due to radioactive decay, AC electrical power is only 
required to mitigate fuel handling accidents involving handling recently irradiated fuel (i.e., fuel 
that has occupied part of a critical reactor core within the previous 96 hours).  

Insert J (page B 3.8-29, B 3.8-55 and B 3.8-75) 

involving handling recently irradiated fuel 

Insert K (page B 3.8-30 and B 3.8-56) 

involving handling recently irradiated fuel (i.e., fuel that has occupied part of a critical reactor 
core within the previous 96 hours).  

Insert L (page B 3.8-54 and B 3.8-75) 

involving handling recently irradiated fuel. Due to radioactive decay, DC electrical power is only 
required to mitigate fuel handling accidents involving handling recently irradiated fuel (i.e., fuel 
that has occupied part of a critical reactor core within the previous 96 hours).  

Insert M (page B 3.8-74) 

involving handling recently irradiated fuel. Due to radioactive decay, AC and DC electrical power 
is only required to mitigate fuel handling accidents involving handling recently irradiated fuel (i.e., 
fuel that has occupied part of a critical reactor core within the previous 96 hours).

5



Secondary Containment Isolation Instrumentation 
3.3.6.2 

Table 3.3.6.2-1 (page 1 of 1) 
Secondary Containment Isolation Instrumentation

APPLICABLE 
MODES OR REQUIRED 

OTHER CHANNELS 
SPECIFIED PER SURVEILLANCE ALLOWABLE 

FUNCTION CONDITIONS TRIP SYSTEM REQUIREMENTS VALUE 

1. Reactor Vessel Water 1.2,3. 2 SR 3.3.6.2.1 z 177 inches 
Level - Low (Level 3) (a) SR 3.3.6.2.2 

SR 3.3.6.2.4 
SR 3.3.6.2.5 
SR 3.3.6.2.6 

2. Drywell Pressure-High 1,2.3 2 SR 3.3.6.2.1 ! 2.7 psig 
SR 3.3.6.2.2 
SR 3.3.6.2.4 
SR 3.3.6.2.5 
SR 3.3.6.2.6 

3. Reactor Building Exhaust 1,2.3, 1 SR 3.3.6.2.1 1 24.800 cpm 
Radiation- High (a).(b) SR 3.3.6.2.3 

SR 3.3.6.2.6 

4. Refueling Floor Exhaust 1.2.3. 1 SR 3.3.6.2.1 • 24.800 cpm 
Radiation - High (a).(b) SR 3.3.6.2.3 

SR 3.3.6.2.6

During operations with a potential for draining the reactor vessel.  

During r, T g ,- ,, ement of irradiated fuel assemblies in 

ree7~
secondary containment.

Amendment

(a) 

(b)

3.3-61JAFNPP



CREVAS System Instrumentation 
3.3.7.1 

3.3 INSTRUMENTATION 

3.3.7.1 Control Room Emergency Ventilation Air Supply (CREVAS) 
System Instrumentation

LCO 3.3.7.1 The Control Room Air Inlet Radiation-High channel shall be 
OPERABLE.

r~e- _e- V1+1 
MODES 1, 2 and 3, 
During movement of irradiated fuel 

scn~dary con im-t, 

During operations wi a potential 
vessel.

assemblies in the 

for draining the reactor

ACTIONS 

CONDITION REQUIRED ACTION COMPLETION TIME 

A. Channel inoperable. A.1 Place the CREVAS 1 hour 
System in the isolate 
mode of operation.  

OR 

A.2 Declare both CREVAS 1 hour 
subsystems 
inoperable.

Amendment

APPLICABILITY:

3.3-62JAFNPP



Secondary Containment 
3.6.4.1

3.6 CONTAINMENT SYSTEMS 

3.6.4.1 Secondary Containment

The secondary containment shall be OPERABLE.

recem-•t 
APPLICABILITY: MODES 1. 2. and 3.  

During movement of irradiated fuel 
secondary containment.  

-uring operaions with a potential 
vessel (OPDRVs).

ACTI ONS

assemblies in the 

for draining the reactor

CONDITION REQUIRED ACTION COMPLETION TIME 

A. Secondary containment A.1 Restore secondary 4 hours 
inoperable in MODE 1. containment to 
2, or 3. OPERABLE status.  

B. Required Action and B.1 Be in MODE 3. 12 hours 
associated Completion 
Time of Condition A AND 
not met.  

B.2 Be in MODE 4. 36 hours

rec.e v�+ty

_________________________________________________________________________________________________ L

......... NOTE --------
LCO 3.0.3 is not 
applicable.

Suspend movement of 
-irradiated fuel 
assemblies in the 
secondary 
containment.

AND

Immedi ately

(continued)

Amendment

LCO 3.6.4.1

3.6-37JAFNPP



Secondary Containment 
3.6.4.1

ACTIONS 
CONDITION REQUIRED ACTION COMPLETION TIME 

C. (continued) C2 SsedCR 

C.! Initiate action to Immediately 
• ] suspend OPDRVs.  

SURVEILLANCE REQUIREMENTS .... .  

SURVEILLANCE FREQUENCY 

SR 3.6.4.1.1 Verify secondary containment vacuum is 24 hours 
ý 0.25 inch of vacuum water gauge.  

SR 3.6.4.1.2 Verify all secondary containment 31 days 
equipment hatches are closed and sealed.  

SR 3.6.4.1.3 Verify one secondary containment access 31 days 
door in each access opening is closed.  

SR 3.6.4.1.4 Verify the secondary containment can be 24 months on a 
maintained z 0.25 inch of vacuum water STAGGERED TEST 
gauge for 1 hour using one SGT subsystem BASIS for each 
at a flow rate s 6000 cfm. SGT subsystem

Amendment (Rev. E)3.6-38JAFNPP



SCIVs 
3.6.4.2

3.6 CONTAINMENT SYSTEMS 

3.6.4.2 Secondary Containment Isolation Valves (SCIVs)

Each SCIV shall be OPERABLE.

A Be ME 2 3•. V" y 

APPLICABILITY: MODES 1. 2, and 3.  
During movement of irradiated fuel 

•onnar~yconntninmnt., 

Durinig operations wltn a potential 
vessel (OPDRVs).

assemblies in the 

for draining the reactor

ACTIONS

-----------------------------------.. NOTES OTES-------------------- -----------
1. Penetration flow paths may be unisolated intermittently under 

admi ni strative control s.  

2. Separate Condition entry is allowed for each penetration flow path.  

3. Enter applicable Conditions and Required Actions for systems made 
inoperable by SCIVs.  

........................... o ................... ..........................  

CONDITION REQUIRED ACTION COMPLETION TIME 

A. One or more A.1 Isolate the affected 8 hours 
penetration flow paths penetration flow path 
with one SCIV by use of at least 
inoperable, one closed and 

de-activated 
automatic valve, 
closed manual valve, 
or blind flange.  

AND 

(continued)

Amendment

LCO 3.6.4.2

3.6-39JAFNPP



SCIVs 
3.6.4.2

ACTIONS (continued)

CONDITION

D. Required Action and 
associated Completion 
Time of Condition A 
or B not met during 
movement oftirradiated 
ue assem lies in the 
secondar contai nment, 

A fANS or during 
OPOR s.

REQUIRED ACTION

D.1 .---.....NOTE --------
LCO 3.0.3 is not 
applicable.

Suspend movement of 
irradiated fuel 
assemblies in the 
secondary 
containment.

Initiate action to 
suspend OPDRVs.

COMPLETION TIME

Immedi ately

Immediately

Amendment

v

I
I

JAFNPP 3.6-41



SGT System 
3.6.4.3

3.6 CONTAINMENT SYSTEMS 

3.6.4.3 Standby Gas Treatment (SGT) System

LCO 3.6.4.3 

APPLICABILITY:

Two SGT subsystems shall be OPERABLE.

re ce vv~y 

MODES 1, 2, and 3.  
During movement of irradiated fuel 

secondary containment.  
#"- ..- t•-nnr•D A1WI:DAIrTnLIlLT' • o

u-ring operations with a potential 
vessel (OPDRVs).

assemblies in the 

for draining the reactor

ACTI ONS

CONDITION REQUIRED ACTION COMPLETION TIME 

A. One SGT subsystem A.1 Restore SGT subsystem 7 days 
inoperable, to OPERABLE status.  

B. Required Action and B.1 Be in MODE 3. 12 hours 
associated Completion 
Time of Condition A AND 
not met in MODE 1. 2.  
or 3. B.2 Be in MODE 4. 36 hours

C. Required Action and 
associated Completion 
Time of Condition A 

j not met during 
ci e vvliv movement of rradiated 

(ue ass lies in the 
secondar contai nmeni? 

- " or during 
OPDRVs.

............. NOTE ............  
LCO 3.0.3 is not applicable.

C.1 

OR

Place OPERABLE SGT 
subsystem in 
operation.

Immediately

(continued)

Amendment3.6-43JAFNPP



SGT System 
3.6.4.3

ACTIONS

CONDITION

C. (continued)

(

REQUIRED ACTION
COPEINTM

C.2.1 Suspend movement of 
- irradiated fuel 

assemblies in 
secondary 
containment.

AND 

U21

Initiate action to 
suspend OPDRVs.

Immediately

Immediately

D. Two SGT subsystems D.1 Enter LCO 3.0.3. Immediately 
inoperable in MODE 1, 
2. or 3.

E. Two SGT subsystems 
inoperable during 
movement o2f4,i rradi ated 

ue assemblies in the 
secondary contai nmen,& 

ALTERAT o r during

E.1 -........ NOTE .........  
LCO 3.0.3 is not 
applicable.  
- -.... . ..............

Suspend movement of 
-irradiated fuel 

assemblies in 
secondary 
containment.

AND

Immediately

4

___________________________ 
4-

Initiate action to 
suspend OPDRVs.

Immediately

3.6-44 Amendment (Rev. J)
JAFNPP`
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CREVAS System 
3.7.3 

3.7 PLANT SYSTEMS 

3.7.3 Control Room Emergency Ventilation Air Supply (CREVAS) System

LCO 3.7.3

APPLICABILITY:

Two CREVAS subsystems shall be OPERABLE.

-------.. ---. --. ------------.NOTE ............................  
The control room boundary may be opened intermittently under 
administrative control.  

MODES 1, 2. and 3. • 
During movement of irradiated fuel assemblies in the 

secondary containment, 
Jn I r~nn K

U r,,,*.. , r , , nu 

During operations with a potential 
vessel (OPDRVs).

for draining the reactor

ACTIONS 

CONDITION REQUIRED ACTION COMPLETION TIME 

A. One CREVAS subsystem A.1 Restore CREVAS 7 days 
inoperable, subsystem to OPERABLE 

status.  

B. Two CREVAS subsystems B.1 Restore control room 24 hours 
inoperable due to boundary to OPERABLE 
inoperable control status.  
room boundary in 
MODE 1, 2. or 3.  

C. Required Action and C.1 Be in MODE 3. 12 hours 
associated Completion 
Time of Condition A or AND 
B not met in MODE 1, 
2. or 3. C.2 Be in MODE 4. 36 hours 

(continued)

Amendment (Rev. J)

f
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CREVAS System 
3.7.3

ACT I ONS
(continued)

CONDITION
i.

D. Required Action and 
associated Completion 
Time of Condition A 
not met during 
movement of ,irradiated 

/--fuel assemblies in the 
e dr ti nnmentf-, 

s--LTERA N r during 
UPKS

(

REQUIRED ACTION

------------- NOTE .............  
LCO 3.0.3 is not applicable.

D.1 Place OPERABLE CREVAS 
subsystem in isolate 
mode.  

Suspend movement of 
.irradiated fuel 
assemblies in the 
secondary 
containment.

-AND---

AND 

2..
Initiate action to 
suspend OPDRVs.

COMPLETION TIME

Immediately 

Immediately

Immediately

E. Two CREVAS subsystems E.1 Enter LCO 3.0.3. Immediately 
inoperable in MODE 1.  
2. or 3 for reasons 
other than Condition 
B.

(continued)

Amendment (Rev. E)I JAFNPP 3.7-8
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CREVAS System 3.7.3

(continued)

REQUIRED ACTION COMPLETION TIME

Immediately

Immediately

I r

F. Two CREVAS subsystems 
inoperable during 
movement of irradi ated 

ue ass-emlies in the 
s nor durntainmentg 

I-AUZT4N& or durilng

.. ........... NOTE ------------
LCO 3.0.3 is not applicable.

.1 Suspend movement of 
irradiated fuel 
assemblies in the 
secondary 
containment.

Initiate action to 
suspend OPDRVs.

I A ________________

Amendment (Rev. E)I JAFNPP
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Control Room AC System 
3.7.4

3.7 PLANT SYSTEMS 

3.7.4 Control Room Air Conditioning (AC) System

LCO 3.7.4 Two control room AC subsystems shall be OPERABLE.

APPLICABILITY: MODES 1, 2. and 3, vecevity 

During movement of irradiated fuel 
secnndmry nntai nment, 

During operations with-a potential 
vessel (OPDRVs).

assemblies in the 

for draining the reactor

ACTIONS 

CONDITION REQUIRED ACTION COMPLETION TIME 

A. One control room AC A.1 Restore control room 30 days 
subsystem inoperable. AC subsystem to 

OPERABLE status.  

B. Required Action and B.1 Be in MODE 3. 12 hours 
associated Completion 
Time of Condition A AND 
not met in MODE 1. 2.  
or 3. B.2 Be in MODE 4. 36 hours 

(continued)

3.7-11 Amendment (Rev. J)
JAFNPP



Control Room AC

AflTTO)NS (continued)

CONDITION REQUIRED ACTION j COMPLETION TIME

C. Required Action and 
associated Completion 
Time of Condition A 
not met during 
movement of rradiated 

ue assemblies in the 
econdar contai nment

-DR... -6 Z ý or during 

re C-e-,VVR

C

............. NOTE .............  
LCO 3.0.3 is not applicable.  
S.......... ...... .............

C.1 PI ace OPERABLE 
control room AC 
subsystem in 
operation.

OR 

C.2.1 Suspend movement of 
Sirradiated fuel 

assemblies in the 
secondary 
containment.

AND 

U2
Initiate action to 
suspend OPDRVs.

Immediately 

Immediately

Immediately

D. Two control room AC D.1 Enter LCO 3.0.3. Immediately 
subsystems inoperable 
in MODE 1. 2, or 3.

(continued)

Amendment

System 
3.7.4

3.7-12JAFNPP



Control Room AC System 
3.7.4

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

E. Two control room AC . ........... NOTE .............  
subsystems inoperable LCO 3.0.3 is not applicable.  
during movement of .............................  
irradiated fuel 
assemblies in the E.1 Suspend movement of Immediately 
seconar ainmen >irradiated fuel 

c i eassemblies in the 
Sor during secondary 

• OPDRVs. containment.  

AND 

Initiate action to Immediately 
suspend OPDRVs.  

SURVEILLANCE REQUIREMENTS 

SURVEILLANCE FREQUENCY 

SR 3.7.4.1 Verify each control room AC subsystem has 24 months 
the capability to remove the assumed heat 
load.

AmendmentJAFNPP 3.7-13



AC Sources - Shutdown 
3.8.2

3.8 ELECTRICAL POWER SYSTEMS 

3.8.2 AC Sources-Shutdown

LCO 3.8.2 The following AC electrical power sources shall be OPERABLE: 

a. One qualified circuit between the offsite transmission 
network and one division of the plant Class 1E AC 
electrical power distribution subsystem(s) required by 
LCO 3.8.8. "Distribution Systems-Shutdown"; 

b. One qualified circuit, which maybe the same circuit 
required by LCO 3.8.2.a, between the offsite 
transmission network and the other division of the plant 
Class 1E AC electrical power distribution subsystem(s).  
when a second division is required by LCO 3.8.8; and 

c. One emergency diesel generator (EDG) subsystem capable 
of supplying one division of the plant Class 1E AC 
electrical power distribution subsystem(s) required by 
LCO 3.8.8.

APPLICABILITY:

re c e-vity
MODES 4 and 5.  
During movement of irradiated fuel 

secondary containment.
assemblies in the

Amendment (Rev. G)

f�I� 

I�e

JAFNPP 3.8-12



AC Sources- Shutdown 3.8.2 

ACTIONS 

-- - - - - - - -- - - - - --..................... NOTE ------------------------------------

LCO 3.0.3 is not applicable.

CONDITION REQUIRED ACTION COMPLETION TIME

A. One or both required 
offsite circuits 
inoperable.  

re c .Akk

____________________________________________________________________________ 'I

------------- NOTE .............  
Enter applicable Condition 
and Required Actions of 
LCO 3.8.8, when any required 
division is de-energized as a 
result of Condition A.

A.1 Declare affected 
required feature(s), 
with no offsite power 
avail able, 
inoperable.

OR 

A.2.1 Suspend CORE 
ALTERATIONS.  

AND 

A.2.2 Suspend movement of 
- - irradiated fuel 

assemblies in the 
secondary 
containment.  

AND 

A.2.3 Initiate action to 
suspend operations 
with a potential for 
draining the reactor 
vessel (OPDRVs).  

AND

Immedi atel y 

Immediately 

Immedi atel y 

Immedi atel y 

(continued)

Amendment (Rev. G)3.8-13JAFNPP



AC Sources-Shutdown 
3.8.2

ACTIONS 

CONDITION REQUIRED ACTION COMPLETION TIME 

A. (continued) A.2.4 Initiate action to Immediately 
restore required 
offsite power 
circuit(s) to 
OPERABLE status.  

B. One required EDG B.1 Suspend CORE Immediately 
subsystem inoperable. ALTERATIONS.  

AND 

B.2 Suspend movement of Immediately 
i rradiated fuel 
assemblies in 
secondary 
containment.  

AND 

B.3 Initiate action to Immediately 
suspend OPDRVs.  

AND 

B.4 Initiate action to Immediately 
restore required EDG 
subsystem to OPERABLE 
status.

Amendment (Rev. G)3.8-14JAFNPP



DC Sources - Shutdown 
3.8.5

3.8 ELECTRICAL POWER SYSTEMS 

3.8.5 DC Sources-Shutdown

LCO 3.8.5 

APPLICABILITY:

One 125 VOC electrical power subsystem shall be OPERABLE to 
support one division of the plant Class IE DC Electrical 
Power Distribution System required by LCO 3.8.8, 
"Distribution Systems- Shutdown." 

MODES 4 and 5. T " 
During movement of irradiated fuel assemblies in the 

secondary containment.

ACTIONS

S..................................... NOTE .....................................  
LCO 3.0.3 is not applicable.  ..... ................... ......... ...........................................  

CONDITION REQUIRED ACTION COMPLETION TIME 

A. Required DC electrical A.1 Declare affected Immediately 
power subsystem required feature(s) 
inoperable, inoperable.  

OR 

A.2.1 Suspend CORE Immediately 
ALTERATIONS.  

AND 

A.2.2 Suspend movement of Immediately 
----- ,-irradiated fuel 

assemblies in the 
secondary 
containment.  

AND 

(continued)

3.8-22 Amendment (Rev. J)

I t~
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Distribution Systems- Shutdown 
3.8.8

3.8 ELECTRICAL POWER SYSTEMS 

3.8.8 Distribution Systems- Shutdown

LCO 3.8.8 The necessary portions of the AC and 125 VDC electrical 
power distribution subsystems shall be OPERABLE to support 
equipment required to be OPERABLE.

APPLICABILITY: MODES 4 and 5.  
During movement of rradiated fuel 

secondary containment.
assemblies in the

ACTIONS

-------------------------------- ----- NOTE ------------------------------------
LCO 3.0.3 is not applicable.  
................................. ...... .. ... ......... ...... ..........  

CONDITION REQUIRED ACTION COMPLETION TIME 

A. One or more required A. 1 Declare associated Immediately 
AC or 125 VDC supported required 
electrical power feature(s) 
distribution inoperable.  
subsystems inoperable.  

OR 

A.2.1 Suspend CORE Immediately 
ALTERATIONS.  

AND 

A.2.2 Suspend movement of Immediately 
irradiated fuel 
assemblies in the 
secondary 
containment.  

AND 

(continued)

AmendmentJAFNPP 3.8-30



Secondary Containment Isolation Instrumentation 
B 3.3.6.2 

BASES 

APPLICABLE 3. 4. Reactor Building and Refueling Floor Ventilation 
SAFETY ANALYSES, Exhaust Radiation-High (continued) 
LCO. and 
APPLICABILITY exhaust piping coming from the reactor building and the 

refueling floor zones. The signal from each detector is 
input to an individual monitor whose trip outputs are 
assigned to an isolation channel. Two channels of Reactor 
Building Ventilation Exhaust Radiation-High Function and 
two channels of Refueling Floor Ventilation 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 Values are chosen to promptly detect gross 
failure of the fuel cladding and are set in accordance with 
the ODCM.  

The Reactor Building and Refueling Floor Ventilation Exhaust 
Radiation-High Functions are required to be OPERABLE in 
MODES 1. 2, and 3 where considerable RCS energy exists: 
thus, there is a probability of pipe breaks resulting 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, these Functions are not 
required. In addition. the Functions are also required to 
be OPERABLE duringO ............ O12 .PDRVsdand movement of 

Yeev 4 i irradiated fuel ass e secondary containment, 
because the capability of detecting radiation releases due 
to fuel failures (due to fuel uncovery or dropped fuel 
assemblies) must be provided to ensure that offsite and 
control room dose limits are not exceeded.  

ACTIONS A Note has been provided to modify the ACTIONS related to 
secondary containment isolation instrumentation channels.  
Section 1.3, Completion Times, specifies that once a 
Condition has been entered, subsequent divisions, 
subsystems, components, or variables expressed in the 
Condition, discovered to be inoperable or not within limits.  
will not result in separate entry into the Condition.  
Section 1.3 also specifies that Required Actions of the 
Condition continue to apply for each additional failure.  
with Completion Times based on initial entry into the 
Condition. However. the Required Actions for inoperable 
secondary containment isolation instrumentation channels 

(continued)

B 3.3-191 Revision JJAFNPP



CREVAS System Instrumentation 
B 3.3.7.1

BASES

LCO 
(continued)

A high radiation level may pose a threat to control room 
personnel: thus, an alarm is provided in the control room so 
that the CREVAS System can be placed in the isolate mode of 
operation.

APPLICABILITY The Control Room Air Inlet Radiation-High Function is 
rebe OPERABLE in MODES 1. 2. and 3 and during 

9 n , r , L,,I OPDRVsI and movement of 1rra iate fuel 
assemblies in the secondary containment, to ensure that 
control room personnel are protected during a LOCA. fuel 
handling event, or vessel draindown event. During MODES 4 
and 5. when these -necified conditions are not in pro re 
(e.g. . , the probability of a LOCA 

is low: thus, e Function is not required.

ACTIONS A.1 and A.2 

With the Control Room Air Inlet Radiation-High Function 
inoperable one CREVAS subsystem must be placed in the 
isolate mode of operation per Required Action A.1 to ensure 
that control room personnel will be protected in the event 
of a Design Basis Accident. Alternately, if it is not 
desired to start a CREVAS subsystem, the CREVAS System must 
be declared inoperable within 1 hour.  

The 1 hour Completion Time is intended to allow the operator 
time to place the CREVAS subsystem in operation. The 1 hour 
Completion Time is acceptable because it minimizes risk 
while allowing time for restoration of the channel, for 
placing one CREVAS subsystem in operation, or for entering 
the applicable Conditions and Required Actions for two 
inoperable CREVAS subsystems.

SURVEILLANCE The Surveillances are modified by a Note to indicate that 
REQUIREMENTS when a channel is placed in an inoperable status solely for 

performance of required Surveillances. entry into associated 
Conditions and Required Actions may be delayed for up to 
6 hours. Upon completion of the Surveillance. or expiration 

(continued)
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Secondary Containment 
B 3.6.4.1

B 3.6 CONTAINMENT SYSTEMS 

B 3.6.4.1 Secondary Containment 

BASES

BACKGROUND The function of the secondary containment is to contain, 
dilute, and hold up fission products that may leak from 
primary containment following a Design Basis Accident (DBA).  
In conjunction with operation of the Standby Gas Treatment 
(SGT) System and closure of certain valves whose lines 
penetrate the secondary containment, the secondary 
containment is designed to reduce the activity level of the 
fission products prior to release to the environment and to 
isolate and contain fission products that are released 
during certain operations that take place inside primary 
containment, when primary containment is not required to be 
OPERABLE, or that take place outside primary containment.  

The secondary containment is a structure that surrounds the 
primary containment and is designed to provide secondary 
containment for postulated loss-of-coolant accidents inside 
the primary containment. The Secondary Containment also 
surrounds the refueling facilities and is designed to 
provide primary containment for the postulated refueling 
accident. This structure forms a control volume that serves 
to hold up and dilute the fission products. It is possible 
for the pressure in the control volume to rise relative to 
the environmental pressure (e.g., due to pump and motor heat 
load additions). To prevent ground level exfiltration while 
allowing the secondary containment to be designed as a 
conventional structure, the secondary containment requires 
support systems to maintain the control volume pressure at 
less than the external pressure. Requirements for these 
systems are specified separately in LCO 3.6.4.2. "Secondary 
Containment Isolation Valves (SCIVs)," and LCO 3.6.4.3, 
"Standby Gas Treatment (SGT) System.*

APPLICABLE There are two principal accidents for which credit is taken 
SAFETY ANALYSES for secondary containment OPERABILITY. These are a loss of 

coolant accident (LOCA) (Ref. 1) and a refueling accident 
-inside secondary containment (Ref. 2). The secondary 

[Wsea" C containment performs no active function in response to each 
of these limiting events: however, its leak tightness is 
required to ensure that fission products entrapped within 

(continued)

Revision 0JAFNPP B 3.6-B4



Secondary Containment 
B 3.6.4.1

BASES

APPLICABLE 
SAFETY ANALYSES 

(continued)

LCO

the secondary containment structure will be treated by the 
SGT System prior to discharge to the environment.  

Secondary containment satisfies Criterion 3 of 
10 CFR 50.36(c)(2)(ii) (Ref. 3).

An OPERABLE secondary containment provides a control volume 
into which fission products that leak from primary 
containment, or are released from the reactor coolant 
pressure boundary components located in secondary 
containment, or are released directly to the secondary 
containment as a result of a refueling accident, can be 
processed prior to release to the environment. For the 
secondary containment to be considered OPERABLE. it must 
have adequate leak tightness to ensure that the required 
vacuum can be established and maintained.

APPLICABILITY In MODES 1. 2, and 3. a LOCA could lead to a fission product 
release to primary containment that leaks to secondary 
containment. Therefore. secondary containment OPERABILITY 
is required during the same operating conditions that 
require primary containment OPERABILITY.

In MODES 4 and 5, the probability and consequences of the 
LOCA are reduced due to the pressure and temperature 
limitations in these MODES. Therefore, maintaining 
secondary containment OPERABLE is not required in MODE 4 
or 5 to ensure a control volume, except for other situations 
for which significant releases of radioactive material can 
be postulated, such as during operations witha tential 
for drainin the reactor vessel (OPDRVs)gr -

j Sor during movement of4irradiated fuel 
assemblies in the secondary containment.  

ACTIONS A.1 

If secondary containment is inoperable, it must be restored 
to OPERABLE status within 4 hours. The 4 hour Completion 
Time provides a period of time to correct the problem that 
is commensurate with the importance of maintaining secondary 

(continued)
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Secondary Containment 
B 3.6.4.1 

BASES 

ACTIONS A.1 (continued) 

containment during MODES 1. 2, and 3. This time period also 
ensures that the probability of an accident (requiring 
secondary containment OPERABILITY) occurring during periods 
where secondary containment is inoperable is minimal.  

B.1 and B.2 

If secondary containment cannot be restored to OPERABLE 
status within the required Completion Time, the plant must 
be brought to a MODE in which the LCO does not apply. To 
achieve this status, the plant must be brought to at least 
MODE 3 within 12 hours and to MODE 4 within 36 hours. The 
allowed Completion Times are reasonable, based on operating 
experience, to reach the required plant conditions from full 
power conditions in an orderly manner and without 
challenging plant systems.  

Movement of rjradialatf ssemblies in the secondary 
containmn and OPDRVs can be postulated 

-5'13 VA V to causý fission produc reease to the secondaryios 

con ainment. In such cases, the secondary containment is 
the only barrier to release of fission products to the 
environment. 1f6G TE-A.TI,+GN5-.ndmovement of1iradiated 
fuel assemblies must be innediate y suspended if the 
secondary containment is inoperable.  

Suspension o0 activit• shall not preclude completing 
an action thatl• ves moving a component to a safe 

position. Also, action must be immediately initiated to 
suspend OPDRVs to minimize the probability of a vessel 
draindown and subsequent potential for fission product 
release. Actions must continue until OPDRVs are suspended.  

LCO 3.0.3 is not applicable in MODES 4 or 5. However, since 
irradiated fuel assembly movement can occur in MODE 1. 2. or 
3. Required Action C.1 has been modified by a Note stating 
that LCO 3.0.3 is not applicable. If movingeirra iated fuel 
assemblies while in MODE 4 or 5, LCO 3.0.3 would not specify 
any action. If moving irradiated fuel assemblies while in 

rec l •(continued)
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Secondary Containment 
B 3.6.4.1 

BASES 

ACTIONS C.!-g (continued) 

MODE 1. 2. or 3. the fuel movement is independent of reactor 
operations. Therefore, in either case. inability to suspend 

cev��m ovement of, irradiated fuel assemblies would not be a 
sufficient reason to require a reactor shutdown.  

SURVEILLANCE SR 3.6.4.1.1 
REQUIREMENTS 

This SR ensures that the secondary containment boundary is 
sufficiently leak tight to preclude exfiltration under 
expected wind conditions. Momentary transients on the 
installed instrumentation due to gusty wind conditions are 
considered acceptable and not cause for failure of this SR.  
The 24 hour Frequency of this SR was developed based on 
operating experience related to secondary containment vacuum 
variations during the applicable MODES and the low 
probability of a DBA occurring between surveillances.  

Furthermore, the 24 hour Frequency is considered adequate in 
view of other indications available in the control room.  
including alarms, to alert the operator to an abnormal 
secondary containment vacuum condition.  

SR 3.6.4.1.2 and SR 3.6.4.1.3 

Verifying that secondary containment equipment hatches and 
one access door in each access opening are closed ensures 
that the infiltration of outside air of such a magnitude as 
to prevent maintaining the desired negative pressure does 
not occur. Verifying that all such openings are closed 
provides adequate assurance that exfiltration from the 
secondary containment will not occur. SR 3.6.4.1.2 also 
requires equipment hatches to be sealed. In this 
application, the term "sealed' has no connotation of leak 
tightness. Maintaining secondary containment OPERABILITY 
requires verifying one door in the access opening is closed.  
An access opening contains one inner and one outer door. In 
some cases, secondary containment access openings are shared 
such that a secondary containment barrier may have multiple 
outer doors. The intent is to not breach the secondary 
containment at any time when secondary containment is 
required. This is achieved by maintaining the inner or 

(continued)
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SCIVs 
B 3.6.4.2

B 3.6 CONTAINMENT SYSTEMS 

B 3.6.4.2 Secondary Containment Isolation Valves (SCIVs) 

BASES

BACKGROUND

APPLICABLE 
SAFETY ANALYSES

The function of the SCIVs. in combination with other 
accident mitigation systems, is to limit fission product 
release during and following postulated Design Basis 
Accidents (DBAs) (Refs. 1 and 2). Secondary containment 
isolation within the time limits specified for those 
isolation valves designed to close automatically ensures 
that fission products that leak from primary containment 
following a DBA, or that are released during certain 
operations when primary containment is not required to be 
OPERABLE or take place outside primary containment, are 
maintained within the secondary containment boundary.  

The OPERABILITY requirements for SCIVs help ensure that an 
adequate secondary containment boundary is maintained during 
and after an accident by minimizing potential paths to the 
environment. These isolation devices consist of either 
passive devices or active (automatic) devices. Manual 
valves, de-activated automatic valves secured in their 
closed position (including check valves with flow through 
the valve secured), and blind flanges are considered passive 
devices.  

Automatic SCIVs close on a secondary containment isolation 
signal to establish a boundary for untreated radioactive 
material within secondary containment following a DBA or 
other accidents.  

Other penetrations are isolated by the use of valves in the 
closed position or blind flanges.

The SCIVs must be OPERABLE to ensure the secondary 
containment barrier to fission product releases is 
established. The principal accidents for which the 
secondary containment boundary is required are a loss of 
coolant accident (Ref. 1) and a refueling accident insi 
secondary containment (Ref. 2). The secondary containment 

__ C

(continued)
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SCIVs 
B 3.6.4.2

BASES

APPLICABILITY 
(continued)

ACTIONS

OPERABLE is not required in MODE 4 or 5. except for 
situations under which significant radioactive releases can 
be postulated, such as during operations wi tential 
for •ranin the reactor vessel (OPDRVs 

• ,or during movement of irradriated fuel 
assemblies in the secondary containme . Moving rradiated 
fuel assemblies in the secondary containmen may also occur 
in MODES 1. 2, and 3.-• reLevv.. _

The ACTIONS are modified by three Notes. The first Note 
allows penetration flow paths to be unisolated 
intermittently under administrative controls. These 
controls consist of stationing a dedicated operator, who is 
in continuous communication with the control room, at the 
controls of the isolation device. In this way. the 
penetration can be rapidly isolated when a need for 
secondary containment isolation is indicated.  

The second Note provides clarification that, for the purpose 
of this LCO, separate Condition entry is allowed for each 
penetration flow path. This is acceptable, since the 
Required Actions for each Condition provide appropriate 
compensatory actions for each inoperable SCIV. Complying 
with the Required Actions may allow for continued operation.  
and subsequent inoperable SCIVs are governed by subsequent 
Condition entry and application of associated Required 
Actions.  

The third Note ensures appropriate remedial actions are 
taken, if necessary, if the affected system(s) are rendered 
inoperable by an inoperable SCIV.  

A.1 and A.2

In the event that there are one 
paths with one SCIV inoperable.  
flow path(s) must be isolated.  
include the use of at least one 
cannot be adversely affected by

or more penetration flow 
the affected penetration 
The method of isolation must 
isolation barrier that 
a single active failure.

(continued)

Revision 0 (Rev. E)

1-4U

B 3.6-92JAFNPP



SCIVs 
B 3.6.4.2 

BASES 

ACTIONS B.1 

With two SCIVs in one or more penetration flow paths 
inoperable, the affected penetration flow path must be 
isolated within 4 hours. The method of isolation must 
include the use of at least one isolation barrier that 
cannot be adversely affected by a single active failure.  
Isolation barriers that meet this criterion are a closed and 
de-activated automatic valve, a closed manual valve, and a 
blind flange. The 4 hour Completion Time is reasonable 
considering the time required to isolate the penetration and 
the probability of a DBA, which requires the SCIVs to close, 
occurring during this short time, is very low.  

The Condition has been modified by a Note stating that 
Condition B is only applicable to penetration flow paths 
with two isolation valves. This clarifies that only 
Condition A is entered if only one SCIV is inoperable in 
multiple penetrations.  

C.1 and C.2 

If any Required Action and associated Completion Time cannot 
be met, the plant must be brought to a MODE in which the LCO 
does not apply. To achieve this status, the plant must be 
brought to at least MODE 3 within 12 hours and to MODE 4 
within 36 hours. The allowed Completion Times are 
reasonable, based on operating experience, to reach the 
required plant conditions from full power conditions in an 
orderly manner and without challenging plant systems.  

If any Required Action and associated Completion Time are 
not met, the plant must be placed in a condition in which 
the LCO does not apply. If applicable,ic.A ble,..Tr

ecAQ V%+1 . the movement of irradiated fuel assemblis•--n the secondary 
containment must be immediately suspended. Suspension of is activit shall not preclude completion of movement 
o•a com onent o a safe position. Also, if applicable, 
ac ions must e immediately initiated to suspend OPDRVs in 
order to minimize the probability of a vessel draindown and 
the subsequent potential for fission product release.  
Actions must continue until OPDRVs are suspended.  

(continued)
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SCIVs 
B 3.6.4.2 

BASES (continued) 

ACTIONS D. -D2 and (continued) 

LCO 3.0.3 is not applicable while in MODE 4 or 5. However, 
sincetirradiated fuel assembly movement can occur in MODE 1, 

or 3, Required Action D.1 has been modified by a Note 
"ecev-'i t stating that LCO 3.0.3 is not applicable. If moving 

irradiated fuel assemblies while in MODE 4 or 5. LCO 3.0.3 •I-•would not specify any action. If moving fuel while in 

MODE 1, 2, or 3, the fuel movement is independent of reactor 
operations. Therefore. in either case, inability to suspend 
movement ofCirradiated fuel assemblies would not be a 
suf ficien reason to require a reactor shutdown.  

SURVEILLANCE SR 3.6.4.2.1 
REQUIREMENTS 

This SR verifies that each secondary containment manual 
isolation valve and blind flange that is not locked, sealed, 
or otherwise secured and is required to be closed during 
accident conditions is closed. The SR helps to ensure that 
post accident leakage of radioactive fluids or gases outside 
of the secondary containment boundary is within design 
limits. This SR does not require any testing or valve 
manipulation. Rather, it involves verification that those 
SCIVs in secondary containment that are capable of being 
mispositioned are in the correct position.  

Since these SCIVs are readily accessible to personnel during 
normal operation and verification of their position is 
relatively easy, the 31 day Frequency was chosen to provide .d 

added assurance that the SCIVs are in the correct positions., ia 
This SR does not apply to valves that are locked, sealed, or 
otherwise secured in the closed position, since these were 
verified to be in the correct position upon locking, 
sealing, or securing.  

Two Notes have been added to this SR. The first Note 
applies to valves and blind flanges located in high 
radiation areas and allows them to be verified by use of 
administrative controls. Allowing verification by 
administrative controls is considered acceptable, since 
access to these areas is typically restricted during 
MODES 1. 2, and 3 for ALARA reasons. Therefore, the 
probability of misalignment of these SCIVs, once they have P 

been verified to be in the proper position, is low.  

(continued)
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SGT System 
B 3.6.4.3 

BASES 

BACKGROUND d. A high efficiency particulate air (HEPA) filter; 
(continued) 

e. A charcoal adsorber; and 

f. A second HEPA filter.  

The SGT System equipment and components are sized to reduce 
and maintain the secondary containment at a negative 
pressure of 0.25 inches water gauge when the system is in 
operation under neutral wind conditions and the SGT fans 
exhausting at a rate of 6,000 cfm.  

The demister is provided to remove entrained water in the 
air, while the electric heater reduces the relative humidity 
of the airstream to less than 70% (Ref. 2). The prefilter 
removes large particulate matter, while the HEPA filter 
removes fine particulate matter and protects the charcoal 
from fouling. The charcoal adsorber removes gaseous 
elemental iodine and organic iodides, and the final HEPA 
filter collects any carbon fines exhausted from the charcoal 
adsorber.  

The SGT System automatically starts and operates in response 
to actuation signals indicative of conditions or an accident 
that could require operation of the system. Following 
initiation, both SGT subsystem fans start. Upon 
verification that both subsystems are operating, one 
subsystem is normally shut down.  

APPLICABLE The design basis for the SGT System is to mitigate the 
SAFETY ANALYSES consequences of a loss of coolant accident and refueling 

accident sRef. 3). For all events analyzed, the SGT System 
s own to be automatically initiated to reduce, via 

filtration and adsorption, the radioactive material released 
Y to the environment.  

The SGT System satisfies Criterion 3 of 
10 CFR 50.36(c)(2)(ii) (Ref. 4).  

(continued)
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SGT System 
B 3.6.4.3

BASES (continued)

Following a DBA. a minimum of one SGT subsystem is required 
to maintain the secondary containment at a negative pressure 
with respect to the environment and to process gaseous 
releases. Meeting the LCO requirements for two OPERABLE 
subsystems ensures operation of at least one SGT subsystem 
in the event of a single active failure. An OPERABLE SGT 
subsystem consists of a demister, heater, prefilter, HEPA 
filter, charcoal adsorber, a final HEPA filter, centrifugal 
fan, and associated ductwork, dampers, valves and controls.

APPLICABILITY In MODES 1. 2. and 3. a DBA could lead to a fission product 
release to primary containment that leaks to secondary 
containment. Therefore, SGT System OPERABILITY is required 
during these MODES.  

In MODES 4 and 5. the probability and consequences of these 
events are reduced due to the pressure and temperature 
limitations in these MODES. Therefore, maintaining the SGT 
System in OPERABLE status is not required in MODE 4 or 5.  
except for other situations under which significant releases 
of radioactive material can be postulated. such as during 
operations with a otential for draining the reactor vessel 
(OPDRVs)[-,dn• Pei _ E,!..... or during movement of 
irradiateedfuel assembies; in the secondary containment.-

A._1

With one SGT subsystem inoperable, the inoperable subsystem 
must be restored to OPERABLE status in 7 days. In this 
Condition, the remaining OPERABLE SGT subsystem is adequate 
to perform the required radioactivity release control 
function. However, the overall system reliability is 
reduced because a single failure in the OPERABLE subsystem 
could result in the radioactivity release control function 
not being adequately performed. The 7 day Completion Time 
is based on consideration of such factors as the 
availability of the OPERABLE redundant SGT subsystem and the 
low probability of a DBA occurring during this period.  

(continued)
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SGT System 
B 3.6.4.3 

BASES 

ACTIONS B.1 and B.2 
(continued) If the SGT subsystem cannot be restored to OPERABLE status 

within the required Completion Time in MODE 1. 2. or 3. the 
plant must be brought to a MODE in which the LCO does not 
apply. To achieve this status, the plant must be brought to 
at least MODE 3 within 12 hours and to MODE 4 within 
36 hours. The allowed Completion Times are reasonable, 
based on operating experience, to reach the required plant 
conditions from full power conditions in an orderly manner 
and without challenging plant systems.  

C.l, C.2.1,•C •_2 ýa-

During movement oftirradiated fuel assembli in the 
secondary containmentn Alo, - or during 

,I+ly" OPDRVs. when RequiredA cion . canno comp eted within 
the required Com letion Time, the OPERABLE SGT subsystem 
should immediately be placed in operation. This action 
ensures that the remaining subsystem is OPERABLE, that no 
failures that could prevent automatic actuation have 
occurred, and that any other failure would be readily 
detected.  

-.I•vi'i ca An alternative to Required Action C.1 is to immediately 

L m J suspend activities that represent a potential for releasing 
radioactive material to the secondary containment, thus 
placing the in a cond n hat minimizes risk. If 
appl icable, C.........r.•jmovement of• irrad iatea uel\ 

assemblies musti mediately Desuspended. Suspension o 

.b,; \ .,%•,• ativii:•must not precl ude compl eti on of movement of 

actions must immediatelymbe initiated to susend OPDRVs in 

S~order to minimize the probability of a vesseldraindowni and 

subsequent potential for fission product release. Actions 
must continue until OPDRVs are suspended.  

LCO 3.0.3 is not applicable in MODE 4 or 5. However, since 

irradiated fuel assembly movement can occur in MODE 1. 2. or 

3, the Required Actions of Condition C have been modified by 

a Note stating that LCO 3.0.3 is not applicable. If moving 

S~irradiated fuel assemblies while in MODE 4 or 5, LCO 3.0.3 
would not specify anny action. If moving irradia e uel 

assemblies while in MODE 1. 2. or 3. the fuel movement is 

independent of reactor operations. Therefore, in either 

(conti nued)
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BASES

ACTIONS

SGT System 
B 3.6.4.3 

C.1. C.2.1, C. nd• (continued) re (ev vik 

case, inability to suspend movement of rradiated fuel 
assemblies would not be a sufficient reason to require a 
reactor shutdown.  

D.1 

If both SGT subsystems are inoperable in MODE 1, 2. or 3.  
the SGT System may not be capable of supporting the required 
radioactivity release control function. Therefore, action 
is required to enter LCO 3.0.3 immediately.

hetwST sub st are(inoperable, if applicable, 
;ALTRATIONS ar~)movement of'irradiated fuel assemblies in 
"seco~ndary cotanment must immediately be suspended.  
Suspension of t-shall not preclude completion 
of movement o a componen o a safe position. Also, if 
applicable, actions must immediately be initiated to suspend 
OPDRVs in order to minimize the probability of a vessel 
draindown and subsequent potential for fission product 
release. Actions must continue until OPDRVs are suspended.

LCO 3.0.3 is not applicable in MODE 4 or 5. However, since 
irradiated fuel assembly movement can occur in MODE 1. 2, or 
3, Required Action E.1 has been modified by a Note stating 
that LCO 3.0.3 is not applicable. If moving4irradiated fuel 
assemblies while in MODE 4 or 5. LCO 3.0.3 wou not specify 
any action. If movingpirradiated fuel assemblies while inn 
MODE 1, 2. or 3, the fuel movement is independent of reactor 
operations. Therefore, in either case, inability to suspend 
movement of irradiated fuel assemblies would not be a 
sufficientf reason to require a reactor shutdown.

SURVEILLANCE SR 3.6.4.3.1 
REQUIREMENTS 

Operating each SGT subsystem fan for t 10 continuous hours 
ensures that both subsystems are OPERABLE and that all 
associated controls are functioning properly. It also 
ensures that blockage, fan or motor failure, or excessive 

(continued)
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CREVAS System 
B 3.7.3

BASES

BACKGROUND The CREVAS System is designed to maintain the control room 
(continued) environment for a 31 day continuous occupancy after a DBA 

without exceeding 5 rem whole body dose or its equivalent to 
any part of the body. A single CREVAS subsystem will 
pressurize the control room to 2 0.125 inches water gauge 
above the Turbine Building and outside atmosphere to prevent 
infiltration of air from surrounding buildings, since these 
are the only adjacent areas to the control room that could 
be directly contaminated by a design basis accident. CREVAS 
System operation in maintaining control room habitability is 
discussed in the UFSAR, Sections 9.9.3.11 and 14.8.2, 
(Refs. 1 and 2. respectively).  

APPLICABLE The ability of the CREVAS System to maintain the 
SAFETY ANALYSES habitability of the control room is an explicit assumption 

for the safety analyses presented in the UFSAR, Chapters 6 
and 14 (Refs. 3 and 4, respectively). The isolate mode of 
the CREVAS System is assumed to operate following a loss of 
coolant accident, refueling accidenj' main steam line break, 

f-- and control rod drop accident, as discussed in the UFSAR.  rTi771' Section 14.8.2 (Ref. 2). The radiological doses to control 
room personnel as a result of the various DBAs are 
summarized in Reference 2.  

The CREVAS System satisfies Criterion 3 of 
10 CFR 50.36(c)(2)(ii) (Ref. 5).

Two redundant subsystems of the CREVAS 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 could result in exceeding a dose of 
5 rem to the control room operators in the event of some 
DBAs.  

The CREVAS System is considered OPERABLE when the individual 
components necessary to control operator exposure are 
OPERABLE in both subsystems. A subsystem is considered 
OPERABLE when its associated: 

a. Fans are OPERABLE (i.e., one control room emergency 
air supply fan, one air handling unit fan, one 
recirculation exhaust fan); 

(continued)
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CREVAS System 
B 3.7.3 

BASES 

LCO b. A prefilter, two HEPA filters and charcoal adsorbers 
(continued) are not excessively restricting flow and are capable 

of performing their filtration functions; and 

c. Ductwork, valves, and dampers are OPERABLE, and air 
circulation can be maintained.  

In addition, the control room boundary must be maintained, 
including the integrity of the walls, floors, ceilings, 
ductwork, and access doors such that the pressurization 
limit of SR 3.7.3.3 can be met. However, it is acceptable 
for access doors to be open for normal control room entry 
and exit, and not consider it to be a failure to meet the 
LCO.  

The LCO is modified by a Note allowing the control room 
boundary to be opened intermittently under administrative 
controls. 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 consist of stationing a dedicated individual 
at the opening who is in continuous communication with the 
control room. This individual will have a method to rapidly 
close the opening when a need for control room isolation is 
indicated.  

APPLICABILITY In MODES 1, 2. and 3. the CREVAS System must be OPERABLE to 
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 
CREVAS 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);._.x 

During movement of irradiated fuel assemblies in the 
secondary containment.  

(continued)
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CREVAS System 
B 3.7.3 

BASES 

ACTIONS C.1 and C.2 
(continued) 

In MODE 1, 2. or 3, if the inoperable CREVAS subsystem or 
control room boundary cannot be restored to OPERABLE status 
within the associated Completion Time, the plant must be 
placed in a MODE that minimizes risk. To achieve this 
status, the plant 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 plant conditions from full 
power conditions in an orderly manner and without 
challenging plant systems.  

LCO 3.0.3 is not applicable when in MODE 4 or 5. However.  
sincem rradiated fuel assembly movement can occur in MODE 1.  

or 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 ikLradiated fuel 
assemblies is not sufficient reason to require a reactor 

During movement o irradiated fuel assemblies in the 
secondary containmentr d'•.i.- CORE AILTP ATIOQ"or during 
OPDRVs, if the inoperiabe CiVAS subsystem can•onit be 
restored to OPERABLE status within the required Completion 
Time, the OPERABLE CREVAS subsystem may be placed in the 
isolate mode. This action ensures that the remaining 
subsystem is OPERABLE, 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 control 
room. This places the plant in a condition that minimizes 
risk.  

(continued)
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CREVAS System 
B 3.7.3

BASES

D.1.rD.2.dD,-.- (continued) 

If applicable m ovement of irradiated 
fuel assemblies in the secondary containment must be 
suspended immediately. Suspension of " shall 
not preclude completion of movement o a componen o sa e 
position. Also, if applicable, action must be initiated zehprobability of immediately to suspend OPDRVs to minimize the probability of 

vessel draindown and the subsequent potential for fission 
product release. Action must continue until the OPDRVs are 
suspended.

t.1

If both CREVAS subsystems are inoperable in MODE 1. 2. or 3 
for reasons other than an inoperable control room boundary 
(i.e., Condition B). the CREVAS System may not be capable of 
performing the intended function and the plant is in a 
condition outside the accident analyses. Therefore, 
LCO 3.0.3 must be entered immediately.  

LCO 3.0.3 is not applicable when in MODE 4 or 5. However, 
since irradiated fuel assembly movement can occur in MODES 

or 3, the Required Actions of Condition F are modified 
by a Note indicating that LCO 3.0.3 does not apply. If 
Movlngrradiated fuel assemblies while in MODE 1. 2, or 3, 
the fuel movement is independent of reactor operations.  
Therefore, inability to suspend movement ofk!Tradiated fuel 
assemblies is not sufficient reason to require~a reactor 
shutdown.  

During movement of irradiated fuel assemblies in the 
secondary containment -1, ALTEPR-A!1Q~or during 
OPDRVs, with two CREVAS subsystems inoperable, action must 
be taken immediately to suspend activities that present a 
potential for releasing radioactivity that might require 
isolation of the control room. This places the plant in a 
condition that minimizes risk.

(continued)
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CREVAS System 
B 3.7.3 

•- BASES 

ACTONSff. ý ýd(continued) 
SI ACTIONS FI 

If applicable, 1,Rm At EATIONS movement of irradiated 
fuel assemblies in the secondary tontainment must be c, 
suspended immediately. Suspension ofthse aetiv~tie~hall 
not preclude completion of movement of a componen to at safee 
position. If applicable, action must be initiated 
immediately to suspend OPDRVs to minimize the probability of 
a vessel draindown and subsequent potential for fission 
product release. Action must continue until the OPDRVs are 
suspended.  

SURVEILLANCE SR 3.7.3.1 
REQUIREMENTS 

This SR verifies that a subsystem in a standby mode starts 
on demand and continues to operate. These subsystems 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 three months provides an adequate 
check on this system. Since the CREVAS System does not 
contain heaters, it need only be operated for k 15 minutes 
to demonstrate the function of the system. The 92 day 
Frequency is based on the known reliability of the equipment 
and the two subsystem redundancy available.  

SR 3.7.3.2 

This SR verifies that the required CREVAS testing is 

performed in accordance with the Ventilation Filter Testing 
Program CVFTP). 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.  

(continued)
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Control Room AC System 
B 3.7.4 

BASES (continued) 

APPLICABILITY In MODE 1, 2. or 3. the Control Room AC System must be 
OPERABLE to ensure that the control room temperature will 
not exceed equipment OPERABILITY limits following control 
room isolation.  

In MODES 4 and 5, the probability and consequences of a 
Design Basis Accident are reduced due to the pressure and 
temperature limitations in these MODES. Therefore, 
maintaining the Control Room AC 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 a potential for draining the 
reactor vessel (OPDRVrs)e 

l During movement of irradiated fuel assemblies in the 
secondary containment. _k__k___-_-___ 

ACTIONS A.1 

With one control room AC subsystem inoperable, the 
inoperable control room AC subsystem must be restored to 
OPERABLE status within 30 days. With the plant in this 
condition, the remaining OPERABLE control room AC subsystem 
is adequate to perform the control room air conditioning 
function. However, the overall reliability is reduced 
because a single active component failure in the OPERABLE 
subsystem could result in loss of the control room air 
conditioning function. The 30 day Completion Time is based 
on the low probability of an event occurring requiring 
control room isolation, the consideration that the remaining 
subsystem can provide the required protection, and the 
availability of alternate safety and nonsafety cooling 
methods.  

B.1 and B.2 

In MODE 1, 2, or 3, if the inoperable control room AC 
subsystem cannot be restored to OPERABLE status within the 
associated Completion Time, the plant must be placed in a 

(continued)
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Control Room AC System 
B 3.7.4 

BASES 

ACTIONS B.1 and B.2 (continued) 

MODE that minimizes risk. To achieve this status, the plant 
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 plant conditions from full power conditions in an 
orderly manner and without challenging plant systems.  
C.1. C.2.1, C2W n 

LCO 3.0.3 is not applicable while in MODE 4 and 5. However, 
since irradiated fuel assembly movement can occur in MODES 

a' i, or 3 the Required Actions of Condition C are modified 
by a Note indicating that LCO 3.0.3 does not apply. If 
movingirradiated fuel assemblies while in MODE 1. 2. or 3, 
t e -uel movement is independent of reactor operations.  
Therefore, inability to suspend movement of irradiated fuel 
assemblies is not sufficient reason to require a reactor shutdown. _.  

During movement o irradiated fuel assemblies in the 
secondary containmen ORE ALTERATii9)rbr during 
OPDRVs, if Required Ac-tion cannot b com-eted within 
the required Completion Time, the OPERABLE control room AC 
subsystem may be placed immediately in operation. This 
action ensures that the remaining subsystem is OPERABLE, 
that no failures that would prevent actuation will occur, 
and that any active failure will be readily detected.  

An alternative to Required Action C.1 is to immediately 
suspend activities that present a potential for releasing 
radioactivity that might require isolation of the control 
room. This places the plant in a condition that minimizes 
risk. rece vy) 

If applicable, movement of irradiated 
fuel assemblies in e ondary containment must be 
suspended immediately. Suspension of hall 
not preclude completion of movement of a componen o sa e 

a c ora sa 
position. Also, if applicable, action must be initiated 
immediately to suspend OPDRVs to minimize the probability of 
a vessel draindown and subsequent potential for fission 
product release. Action must continue until the OPDRVs are 
suspended.  

(continued)
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Control Room AC System 
B 3.7.4 

BASES 

ACTIONS D.1 (continued) If both control room AC subsystems are inoperable in MODE 1, 
2, or 3, the Control Room AC System may not be capable of 
performing the intended function. Therefore, LCO 3.0.3 must 
be entered immediately.  

LCO 3.0.3 is not applicable when in MODE 4 or 5. However.  
sincetirradiated fuel assembly movement can occur in MODE 1, 

Yec -->-•v or , 3 the Required Actions of Condition E 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 krradiated fuel 
assemblies is not a sufficient reason to require a reactor 

S~~shutdown. " 

During movement o irradiated fuel assemblies in the 

OPDRVs, with two contrsl room AG subsystems §noperable, 
action must be taken immediately to suspend activities that 
present a potential for releasing radioactivity that might 
require isolation of the control room. This places the 
plant in a condition that minimizes risk.  

If applicable,,..,,. hnandling o irradiated 
fuel in the secondary containment must be sus nded 
immediately. Suspension of hall not 
preclude completion of movemen o a componen to-a safe 
position. Also, if applicable, action must be initiated 
immediately to suspend OPDRVs to minimize the probability of 
a vessel draindown and subsequent potential for fission 
product release. Action must continue until the OPDRVs areof 
suspended. -W_.\¶, _

SURVEILLANCE SR 3.7.4.1 
REQUIREMENTS 

This SR verifies that the heat removal capability of the 
system is sufficient to remove the control room heat load 
assumed in the safety analyses with ESW providing water to 
the cooling coils of the air handling units. The SR 
consists of a combination of testing and calculation. It is 

(continued)
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B 3.8.2

B 3.8 ELECTRICAL POWER SYSTEMS 

B 3.8.2 AC Sources- Shutdown 

BASES

BACKGROUND

APPLICABLE 
SAFETY ANALYSES

A description of the AC sources is provided in the Bases for 
LCO 3.8.1. "AC Sources-Operating." In addition to the 
reserve AC sources described in LCO 3.8.1. during plant 
shutdown with the main generator off line, the plant 
emergency buses may be supplied using the 345 kV (backfeed) 
AC source. The 345 kV backfeed requires removing the main 
generator disconnect links that tie the main generator to 
the 24 kV bus, and providing power from the 345 kV 
transmission network to energize the main transformers (TIA 
and TIB), 24 kV bus, normal station service transformer 
(NSST) 71T-4. and subsequent 4.16 kV distribution and 
emergency buses. However, the backfeed AC Source is not 
considered a qualified offsite circuit.

The OPERABILITY of the minimum AC sources during MODES 4 
and 5 and during movement of*irradiated fuel assemblies in 
the secondary containment ensures that-:h ret 

a. The facility can be maintained in the shutdown-or 
refueling condition for extended periods;

b. Sufficient instrumentation and control capability is 
available for monitoring and maintaining the plant 
status; and 

c. Adequate AC electrical power is provided to mitigate 
events postulated during shutdown, such as an 
inadvertent draindown of the vessel or a fuel handling 
accidenlvý

In general, when the plant is shutdown the Technical 
Specifications requirements ensure that the plant has the 
capability to mitigate the consequences of postulated 
accidents. However, assuming a single active component 
failure and concurrent loss of all offsite or loss of all 
onsite power is not required. The rationale for this is 
based on the fact that many Design Basis Accidents (DBAs) 
that are analyzed in MODES 1. 2, and 3 have no specific 
analyses in MODES 4 and 5.  

(continued)
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AC Sources- Shutdown 
B 3.8.2 

BASES 

APPLICABLE The AC sources satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii) 
SAFETY ANALYSES (Ref. 1).  

(continued) 

LCO One qualified offsite circuit capable of sup plying one division of the plant Class 1E AC power distribution 
subsystem(s) of LCO 3.8.8, "Distribution Systems-Shutdown," 
and one qualified offsite circuit, which may be the same circuit required above, capable of supplying the other division of the plant Class 1E AC power distribution 
subsystem(s) when a second division is required by LCO 3.8.8, ensures that all required loads are powered from offsite power. An OPERABLE EDG subsystem, associated with a 4.16 kV emergency bus required OPERABLE by LCO 3.8.8, ensures that a diverse power source is available for providing electrical power support assuming a loss of the offsite circuit. Together. OPERABILITY of the required offsite circuit and EDG subsystem ensures the availability of sufficient AC sources to operate the plant in a safe manner and to mitigate the consequences of postulated events during shutdown (e.g.. fuel handling accident and reactor vessel draindown). Automatic initiation of the require DG during shutdown conditions is specified in LCO 3.3.5.1.  
"ECCS Instrumentation," and LCO 3.3.8.1, "LOP Instrumentation." t " 3&i..3 
The qualified offsite circuit(s) must be capable of maintaining rated frequency and voltage while connected to its respective 4.16 kV emergency bus(es), and of accepting required loads during an accident. Qualified offsite circuits are those that are described in LCO 3.8.1 Bases and the UFSAR and are part of the licensing basis for the plant.  
However, since the plant is shutdown, when two offsite circuits are required, they may share one of the incoming switchyard breakers provided the North and South bus disconnect is closed. Also, while in this condition, the automatic opening feature of the disconnect is not required to be OPERABLE. This is allowed since the two offsite circuits are not required to be independent while shutdown.  
The required EDG subsystem must be capable of starting, 
accelerating to rated speed and voltage, force paralleling, and connecting to its respective emergency bus on detection of bus undervoltage. This sequence must be accomplished within 11 seconds. The required EDG subsystem must also be capable of accepting required loads within the assumed loading sequence intervals, and must continue to operate until offsite power can be restored to the emergency buses.  These capabilities are required to be met with the EDG 
subsystem in standby condition.  

(continued)

(continued)

B 3.8-29 Revision J
JAFNPP



AC Sources- Shutdown 
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BASES 

LCO Proper sequencing of loads, including tripping of 
(continued) nonessential loads, is a required function for EDG subsystem 

OPERABILITY. The necessary portions of the Emergency 
Service Water System and Ultimate Heat Sink are also 
required to provide appropriate cooling to the required EDG 
subsystem. In addition, proper sequence operation is an 
integral part of offsite circuit OPERABILITY since its 
inoperability impacts the ability to start and maintain 
energized loads required OPERABLE by LCO 3.8.8.  

No automatic transfer capability is required for offsite 

circuits to be considered OPERABLE.  

APPLICABILITY The AC sources are required o be OPERABLE in MODES 4 and 5 

and during movement of irradiated fuel assemblies in the 
secondary containment to provide assurance that: 

a. Systems providing adequate coolant inventory makeup 
are available for the irradiated fuel assemblies in 
the core in case of an inadvertent draindown of the 
reactor vessel: 

b. Systems needed to mitigate a fuel handling accidentk--
are available; 

c. Systems necessary to mitigate the effects of events 
that can lead to core damage during shutdown are 
available; and 

d. Instrumentation and control capability is available 
for monitoring and maintaining the plant in a cold 
shutdown condition or refueling condition.  

AC power requirements for MODES 1. 2, and 3 are covered in 
LCO 3.8.1.  

ACTIONS LCO 3.0.3 is not applicable while in MODE 4 or 5. However, 
sincirradiated fuel assembly movement can occur in MODE 1, 
2, or 3, the ACTIONS have been modified by a Note stating 
that LCO 3.0.3 is not applicable. If moving irradiated fuel 

(continued)
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AC Sources-Shutdown 
B 3.8.2 

BASES 

ACTIONS assemblies while in MODE 4 or 5, LCO 3.0.3 would not specify 
(continued) an action. If movint.rradiated fuel assemblies while in 

or the uel movement is independent of reactor 
operations. Entering LCO 3.0.3, while in MODE 1. 2, or 3 
would require the unit to be shutdown unnecessarily.  

An offsite circuit is considered inoperable if it is not 
available to one required 4.16 kV emergency bus. If two 
4.16 kV emergency buses are required per LCO 3.8.8. one 

division with offsite power available may be capable of 
supporting sufficient required features to allow 
co tinuation of CORE ALTERATIONS, fuel movement, and 

, -operations with a potential Tor draining the reactor vessel.  

Cyr ai By the allowance of the option to declare required features 
inoperable with no offsite power, appropriate restrictions 
can be implemented in accordance with the affected required 
feature(s) LCOs' ACTIONS.  

A.2.1, A.2.2, A.2.3, A.2.4, B.1, B.2, B.3. and B.4 

With an offsite circuit not available to all required t 1r 
4.16 kV emergency buses, the option still exists to declare 
all required features inoperable per Required Action A.1.  
Since this option may involve undesired administrative 
efforts, the allowance for sufficiently conservative actions 
is made. With the required EDG subsystem inoperable, the 
minimum required diversity of AC power sources is not 
available. It is. therefore, required to suspend CORE 
ALTERATIONS. movement of irradiated fuel assemblies in the 
secondary containment, and activities that could result in 
inadvertent draining of the reactor vessel.  

Suspension of these activities shall not preclude completion 
of actions to establish a safe conservative condition.  
These actions minimize the probability of the occurrence of 
postulated events. It is further required to immediately 
initiate action to restore the required AC sources and to 
continue this action until restoration is accomplished in 
order to provide the necessary AC power to the plant safety 
systems.  

(continued)
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DC Sources - Shutdown 
B 3.8.5

B 3.8 ELECTRICAL POWER SYSTEMS 

B 3.8.5 DC Sources-Shutdown 

BASES

BACKGROUND 

APPLICABLE 
SAFETY ANALYSES

A description of the DC sources is provided in the Bases for 
LCO 3.8.4, "DC Sources-Operating." 

The initial conditions of Desi n Basis Accident and 
transient analyses in the UFSAR, Chapter 6 (Ref. 1) and 
Chapter 14 (Ref. 2), assume that Engineered Safeguards 
systems are OPERABLE. The DC electrical power system 
provides normal and emergency DC electrical power for the 
emergency diesel generators (EDGs), emergency auxiliaries, 
and control and switching during all MODES of operation and 
during movement of irradiated fuel assemblies in th 
secondary containme recevi•i 

The OPERABILITY of the DC subsystems is consistent wit the 
initial assumptions of the accident analyses and thee 
requirements for the supported systems' OPERABILITY.  

The OPERABILITY of the minimum DC electrical power sources 
during MODES 4 and 5 and during movement of irradiated fuel 
assemblies in the secondary containment ensures that: 

a. The facility can be maintained in the shutdown or 
refueling condition for extended periods: 

b. Sufficient instrumentation and control capability is 
available for monitoring and maintaining the plant 
status: and 

c. Adequate DC electrical power is provided to mitigate 
events postulated during shutdown, such as an 
inadvertent draindown of the vessel or a refueling 

In general, when the unit is shutdown, the Technical 
Specifications requirements ensure that the unit has the 
capability to mitigate the consequences of postulated 
accidents. However, assuming a single failure and 
concurrent loss of all offsite or all onsite power is not 
required. The rationale for this is based on the fact that 
many Design Basis Accidents (DBAs) that are analyzed in 
MODES 1, 2, and 3 have no specific analyses in MODES 4 and 
5. Worst case bounding events are deemed not credible in 

(continued)
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DC Sources- Shutdown 
B 3.8.5 

BASES 

APPLICABLE Worst case bounding events are deemed not credible in MODES 
SAFETY ANALYSES 4 and 5 because the energy contained within the 

(continued) reactor pressure boundary, reactor coolant temperature and 
pressure, and the corresponding stresses result in the 
probabilities of occurence being significantly reduced or 
eliminated, and in minimal consequences. These deviations 
from DBA analysis assumptions a design requirements during 
shutdown conditions are allowed by the LCO for required 
systems.  

The shutdown Technical Specification requirements are 
designed to ensure that the unit has the capability to 
mitigate the consequences of certain postulated accidents.  
Worst case Design Basis Accidents which are analyzed for 
operating MODES are generally viewed not to be a significant 
concern during shutdown MODES due to the lower energies 
involved. The Technical Specifications therefore require a 
lesser complement of electrical equipment to be availabe 
during shutdown than is required during operating MODES.  
More recent work completed on the potential risks associated 
with shutdown, however, have found significant risk 
associated with certain shutdown evolutions. As a result.  
in addition to the requirements established in the Technical 
Specifications, the industry has adopted NUMARC 91-06, 
"Guidelines for Industry Actions to Assess Shutdown 
Management," as an Industry initiative to manage shutdown 
tasks and associated electrical support to maintain risk at 
an acceptable low level. This may require the availability 
of additional equipment beyond that required by the shutdown 
Technical Specifications.  

The DC sources satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii) 
(Ref. 3).  

LCO One 125 VDC electrical power subsystem consisting of one 
125 V battery, one battery charger, and the corresponding 
control equipment and interconnecting cabling supplying 
power to the associated bus is required to be OPERABLE to 
support one DC distribution subsystem required OPERABLE by 
LCO 3.8.8. "Distribution Systems-Shutdown." This 
requirement ensures the availability of sufficient DC 
electrical power sources to operate the plant in a safe 
manner and to mitigate the consequences of postulated events 
during shutdown (e.g., refueling accidents and inadvertent 
reactor vessel draindown).  

(continued)
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DC Sources - Shutdown 
B 3.8.5

BASES (continued)

APPLICABILITY The DC electrical power sources required to be OPERABLE in 
MODES 4 and 5 and during movement of irradiated fuel 
assemblies in the secondary containmen rovide assurance 
that: W~ecec 

a. Required features to provide adequate coolant 
inventory makeup are available for the irradiated fuel 
assemblies in the core in case of an inadvertent 
draindown of the reactor vessel:

b. Required features needed to mitigate a fuel handling 
accident are available; 

c. Required features necessary to mitigate the effects of 
events that can lead to core damage during shutdown 
are available; and

d. Instrumentation and control capability is available 
for monitoring and maintaining the plant in a cold 
shutdown condition or refueling condition.  

The DC electrical power requirements for MODES 1. 2, and 3 
are covered in LCO 3.8.4.

ACTION•S LCO 3.0.3 is not applicable while in MODE 4 or 5. However, 
sincdirradiated fuel assembly movement can occur in MODE 1.  

or 3, the ACTIONS have been modified by a Note stating 
that LCO 3.0.3 is not applicable. If moving rradiated f 
assemblies while in MODE 4 or 5, LCO 3.0.3 would not specify any action. If mov-in-ýVirradiated fuel assemblies while in| 
MODE 1, 2, or 3. the fuel movement i s i ndependent of reactor 
operations. Entering LCO 3.0.3, while in MODE 1, 2, or 3 / 
would require the unit to be shutdown unnecessarily.  

A.I. A.2.1. A.2.2. A.2.3. and A.2.4

By allowance of the option to declare required features 
inoperable with the associated DC electrical power subsystem 
inoperable, appropriate restrictions are implemented in 
accordance with the affected system LCOs' ACTIONS. However 
in many instances, this option may involve undesired 
administrative efforts. Therefore, the allowance for 

(continued)
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DC Sources - Shutdown 
B 3.8.5 

BASES 

ACTIONS A.1. A.2.1. A.2.2. A.2.3, and A.2.4 (continued) 

sufficiently conservative actions is made (i.e., to suspend 
GORE ALTERATIONS, movement o irradiated fuel assemblies in 
the secondary containment and any activities that could 
result in inadvertent raining of the reactor vessel).  

Suspension of these activities shall not preclude completion 
of actions to establish a safe conservative condition.  
These actions minimize the probability of the occurrence of 
postulated events. It is further required to immediately 
initiate action to restore the required DC electrical power 
subsystem and to continue this action until restoration is 
accomplished in order to provide the necessary DC electrical 
power to the plant safety systems.  

The Completion Time of immediately is consistent with the 
required times for actions requiring prompt attention. The 
restoration of the required DC electrical power subsystems 
should be completed as quickly as possible in order to 
minimize the time during which the plant safety systems may 
be without sufficient power.  

SURVEILLANCE SR 3.8.5.1 
REQUIREMENTS 

SR 3.8.5.1 requires performance of all Surveillances 
required by SR 3.8.4.1 through SR 3.8.4.4. Therefore, see 
the corresponding Bases for LCO 3.8.4 for a discussion of 
each SR.  

This SR is modified by a Note. The reason for the Note is 
to preclude requiring the OPERABLE DC electrical power 
subsystem from being discharged below their capability to 
provide the required power supply or otherwise rendered 
inoperable during the performance of SRs. It is the intent 
that these SRs must still be capable of being met, but 
actual performance is not required.  

REFERENCES 1. UFSAR, Chapter 6.  

2. UFSAR, Chapter 14.  

3. 10 CFR 50.36(c)(2)(ii).
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B 3.8.8 Distribution Systems-Shutdown 

BASES

BACKGROUND

APPLICABLE 
SAFETY ANALYSES

A description of the AC and 125 VDC electrical power 
distribution system is provided in the Bases for LCO 3.8.7.  
"Distribution Systems -Operating."

The initial conditions of Design Basis Accident and 
transient analyses in the UFSAR. Chapter 6 (Ref. 1) and 
Chapter 14 (Ref. 2). assume Engineered Safeguards systems 
are OPERABLE. The AC and 125 VDC electrical power 
distribution systems are designed to provide sufficient 
capacity, capability, redundancy, and reliability to ensure 
the availability of necessary power to Engineered Safeguards 
systems so that the fuel, Reactor Coolant System. and 
containment design limits are not exceeded.

The OPERABILITY of the AC and 125 VDC electrical power 
distribution systems is consistent with the initial 
assumptions of the accident analyses and the requirements 
for the supported systems' OPERABILITY.  

The OPERABILITY of the minimum AC and 125 VDC electrical 
power sources and associated power distribution subsystems 
during MODES 4 and 5. and during movement of irradiated fuel 
assemblies in the secondary containment ensures-that: 

a. The facility can be maintained in the shutdown or 
refueling condition for extended periods; 

b. Sufficient instrumentation and control capability is 
available for monitoring and maintaining the plant 
status: and 

c. Adequate power is provided to mitigate events 
postulated during shutdown, such as an inadvertent 
draindown of the vessel or a fuel handling accident, 

The AC and 125 VDC electrical power distribution systems 
satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii) (Ref. 3).  

(continued)

Revision 0JAFNPP B 3.8-74



Distribution Systems- Shutdown 
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BASES (continued) 

LCO Various combinations of subsystems, equipment, and 
components are required OPERABLE by other LCOs, depending on 
the specific plant condition. Implicit in those 
requirements is the required OPERABILITY of necessary 
support required features. This LCO explicitly requires 
energization of the portions of the electrical distribution 
system necessary to support OPERABILITY of Technical 
Specification required systems, equipment. and 
components- both specifically addressed by their own LCO, 
and implicitly required by the definition of OPERABILITY.  

Maintaining these portions of the distribution system 
energized ensures the availability of sufficient power to 
operate the plant in a safe manner to mitigate the 
consequences of postulated events during shutdown (e.g..  
fuel handling accidentskand inadvertent reactor vessel 
draindown). - •

APPLICABILITY The AC and 125 VDC electrical power distribution subsystems 
required to be OPERABLE in MODES 4 and 5 and during movement 
of irradiated fuel assemblies in the secondary containment 

vitr (y provide assurance that: 

a. Systems to provide adequate coolant inventory makeup 
are available for the irradiated fuel in the core in 
case of an inadvertent draindown of the reactor 
vessel: 

b. Systems needed to mitigate a fuel handling accident 
EJ•-" K. are available; 

c. Systems necessary to mitigate the effects of events 
that can lead to core damage during shutdown are 
available: and 

d. Instrumentation and control capability is available 
for monitoring and maintaining the plant in a cold 
shutdown condition or refueling condition.  

The AC. and 125 VDC electrical power distribution subsystem 
requirements for MODES 1. 2. and 3 are covered in LCO 3.8.7.  

(continued)
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BASES (continued) 

ACTIONS LCO 3.0.3 is not applicable while in MODE 4 or 5. However.  
since irradiated fuel assembly movement can occur in MODE 1.  

or 3. the ACTIONS have been modified by a Note stating 
that LCO 3.0.3 is not applicable. If moving*rradiated fuel 
assemblies while in MODE 4 or 5, LCO 3.0.3 would not specify 
any action. If movin 'rradiated fuel assemblies while in 

1. , or . e uel movement is independent of reactor 
operations. Entering LCO 3.0.3. while in MODE 1. 2. or 3 
"would require the unit to be shutdown unnecessarily.  

A.1. A.2.1, A.2.2. A.2.3, A.2.4, and A.2.5 

Although redundant required features may require redundant 
divisions of electrical power distribution subsystems to be 
OPERABLE, one OPERABLE distribution subsystem division may 

rec PVbe capable of supporting sufficient required features to 
allow continuation of CORE ALTERATIONS, fuel movement, and 

tv-r'OC it (A operations with a potentia for dralning the reactor vessel.  
By allowing the option to declare required features 
associated with an inoperable distribution subsystem 
inoperable, appropriate restrictions are implemented in 
accordance with the affected distribution subsystem LCO's 
Required Actions. In many instances this option may involve 
undesired administrative efforts. Therefore, the allowance 
for sufficiently conservative actions is made, (i.e.. to 
suspend CORE ALTERATIONS, movement of irradiated fuel 
assemblies in the secondary containment. nd any activities 
that could result in inadvertent draining of the reactor 
vessel).  

Suspension of these activities shall not preclude completion 
of actions to establish a safe conservative condition.  
These actions minimize the probability of the occurrence of 
postulated events. It is further required to immediately 
initiate action to restore the required AC and 125 VOC 
electrical power distribution subsystems and to continue 
this action until restoration is accomplished in order to 
provide the necessary power to the plant safety systems.  

Not withstanding performance of the above conservative 
Required Actions, a required residual heat removal-shutdown 
cooling (RHR-SDC) subsystem may be inoperable. In this 
case, Required Actions A.2.1 through A.2.4 do not adequately 
address the concerns relating to coolant circulation and 
heat removal. Pursuant to LCO 3.0.6, the RHR-SDC ACTIONS 
would not be entered. Therefore, Required Action A.2.5 is 

(continued)
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Attachment 5 to JPN-02-016

Entergy Nuclear Operations, Inc.  
James A. FitzPatrick Nuclear Power Plant 

Proposed Amendment to the Technical Specifications

Summary of Commitments

Commitment ID Description Due Date 
JPN-02-016 -01 Entergy will revise the FitzPatrick guidelines for Completed prior to 

assessing systems removed from service the implementation 
during the handling of irradiated fuel of this license 
assemblies or core alterations to implement the amendment.  
provisions of Section 11.3.6.5 of NUMARC 93
01, Revision 3.  

JPN-02-016-02 Revise FitzPatrick UFSAR to reflect revised fuel Completed in 
handling analyses and alternate source term. accordance with 

next scheduled 
FSAR update after 
approval of this 
application.  

JPN-02-016-03 Submit to the NRC updated technical 30 days after NRC 
specification marked-up pages for relaxed approval of ITS.  
secondary containment changes.
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