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PROFESSIONAL ENGINEERING STAMPS

This section contains the State of Kansas Professional Engineer certifications for each of the sections
pertaining to technical services scope supporting the Wolf Creek Generating Station plant design or
design configuration. Each Professional Engineer has designated applicable scope sections for which
they provided Practice of Engineering oversight and for which their certification applies.
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I, the undersigned, being a registered Professional Engineer, certify that to the best of my knowledge and
belief the results herein do not jeopardize the protection of life, health, property, and welfare of the
public.

Sections being Certified:

Section 4.1 (excludes the meteorological data that was prepared and provided by WCNOC as input for the
atmospheric dispersion calculations)

Section 4.3 (excludes the Current Licensing Basis (CLB) data that was input provided by WCNOC for
information only)

Certified By: John C Reck, P.E.

License Number: 21960 State: KS Expiration Date: 2015-04-30
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I, the undersigned, being a registered Professional Engineer, certify that to the best of my knowledge and
belief the results herein do not jeopardize the protection of life, health, property, and welfare of the
public.

Section being Certified: Section 4.2

Certified By: Jesse J Klingensmith, P.E.

License Number: 21955 State: KS Expiration Date: April 30, 2014
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1, the undersigned, being a registered Professional Engineer, certify that to the best of my knowledge and
belief the results herein do not jeopardize the protection of life, health, property, and welfare of the
public.

Sections being Certified: Section 4.4.2, Section 4.4.3

Certified By: Joseph C Adams, P.E.

License Number: 21424 State: KS Expiration Date: 04/30/2014
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1 DESCRIPTION

Pursuant to 10 CFR 50.90, "Application for amendment of license, construction permit, or early site
permit," Wolf Creek Nuclear Operating Corporation (WCNOC) hereby requests an amendment to
Renewed Facility Operating License No. NPF-42 for the Wolf Creek Generating Station (WCGS). The
proposed amendment would include the full scope implementation of the Alternative Source Term (AST)

as described in Nuclear Regulatory Commission (NRC) Regulatory Guide (RG) 1.183, "Alternative
Radiological Source Terms for Evaluating Design Basis Accidents at Nuclear Power Reactors,"

Revision 0. In addition to the full scope implementation of the AST, WCNOC is proposing the adoption

of Technical Specification Task Force (TSTF)-5 1-A, Revision 2, "Revise Containment Requirements
during Handling Irradiated Fuel and Core Alterations."

In accordance with 10 CFR 50.67, "Accident source term," a licensee may voluntarily revise the accident

source term used in design basis radiological consequence analyses. Paragraph 50.67(b) requires that
applications under this section contain an evaluation of the consequences of applicable design basis
accidents (DBAs) previously analyzed in the plant safety analysis report. RG 1.183, "Alternative
Radiological Source Terms for Evaluating Design Basis Accidents at Nuclear Power Reactors" provides

guidance to licensees on performing evaluations, and re-analyses as required to adopt an AST.

WCNOC proposes the following exceptions to the full scope implementation of the AST methodology:
The current Technical Information Document (TID)-14844 accident source term will remain the licensing
basis for equipment qualification and NUREG-0737 evaluations other than Control Room Habitability
Envelope (CRHE) and Technical Support Center (TSC) doses. This exception is consistent with the

guidance provided in RG 1.183, Section 1.3.5, "Equipment Environmental Qualification" and Section 6,
"Assumptions for Evaluating the Radiation Doses for Equipment Qualification," which states in part:

"The NRC staff is assessing the effect of increased cesium releases on EQ doses to determine

whether licensee action is warranted. Until such time as this generic issue is resolved, licensees
may use either the AST or the TID 14844 assumptions for performing the required EQ analyses."

Westinghouse has performed radiological consequence analyses of the applicable pressurized water
reactor (PWR) DBAs identified in RG 1.183 for WCGS as well as radiological consequences analyses for

the following accidents:

* Letdown line break,
* Loss of AC power, and
* Various tank ruptures.

These analyses are discussed in detail in Section 4.3 of this Enclosure. The analyses were performed
using the guidance of RG 1.183, RG 1.145, "Atmospheric Dispersion Models for Potential Accident

Consequence Assessments at Nuclear Power Plants," and RG 1.194, "Atmospheric Relative
Concentrations for Control Room Radiological Habitability Assessments at Nuclear Power Plants."
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A comparison to the guidance contained in the RGs discussed above, is provided in the following
Sections:

* A comparison to RG 1.183 is contained in Section 5 of this Enclosure,
* A comparison to RG 1.145 is contained in Section 6 of this Enclosure, and
* A comparison to RG 1.194 is contained in Section 7 of this Enclosure.

In addition, a comparison with the guidance contained in Regulatory Issue Summary 2006-04,
"Experience with Implementation of Alternative Source Terms," is provided in Section 8 of this
Enclosure.

The proposed full scope implementation of the AST analyses will modify the WCGS licensing bases by
adopting the AST methodology to replace the current accident source term with the AST as specified in
10 CFR 50.67. Implementation of the AST establishes the 10 CFR 50.67 total effective dose
equivalent (TEDE) dose limits as the new acceptance criterion. The AST is characterized by the
composition and magnitude of the radioactive material, the chemical and physical form of the
radionuclides, and the timing of the releases of these radionuclides.

Implementation of the AST revises the accident source term used in the design basis radiological
analyses. The use of the AST methodology results in changes in the DBA radiological consequences;
however, the AST methodology has no direct impact on the probability or initiation of the evaluated
design basis accidents. Application of AST methodology and the other changes proposed in this license
amendment request (LAR) do not increase the core damage frequency or the large early release
frequency. Therefore, this request for a revision to the WCGS licensing basis is not being submitted as a
"risk-informed approach" using the guidelines in Regulatory Guide 1.174, "An Approach for Using
Probabilistic Risk Assessment in Risk-Informed Decisions on Plant Specific Changes to the Licensing
Basis."

This LAR includes the following changes to the WCGS licensing basis:

* The CRHE unfiltered inleakage is revised from 20 scfm to 50 scfm.

* The Control Building unfiltered inleakage is revised from 300 scfmn to 400 scfm.

Revise the USAR Chapter 15 dose analyses in accordance with the guidance in Regulatory
Guide 1.183.

Revise the Technical Specification (TS) to address the update of the accident source term and
associated design basis accidents utilizing the guidance provided in Regulatory Guide 1.183 and
the associated control room dose limits of General Design Criterion (GDC) 19, and offsite dose
limits of 10 CFR 50.67.

Revise the TS to address the adoption of TSTF-5 1-A, Revision 2, which allows the elimination of
the Technical Specification requirements for certain Engineered Safety Feature (ESF) systems to
be OPERABLE, after a sufficient radioactive decay has occurred to ensure that the control room
and offsite doses remain below the 10 CFR 50.67 limits.
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The proposed TS, TS Bases, and Technical Requirements Manual (TRM) changes, that are associated
with the implementation the AST analyses, and TSTF-5 1-A, are provided in Sections 9, 11, and 12 of this
Enclosure, respectively. The clean typed TS pages are provided in Section 10 of this Enclosure. The
proposed USAR changes are provided in Section 13 of this Enclosure.

The Regulatory Evaluation for the implementation of the AST (including the No Significant Hazards
Consideration) is provided in Attachment 1, Section 4 of this LAR.

The Environmental Consideration for the implementation of the AST is provided in Attachment 1,
Section 5 of this LAR.
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2 PROPOSED CHANGES

CRHE AND CONTROL BUILDING UNFILTERED INLEAKAGE

The proposed change to the CRHE unfiltered inleakage is from 20 scfm in the current dose consequence
analyses, to 50 scfm in the AST analyses.

The proposed change to the Control Building unfiltered inleakage is from 300 scfm in the current dose
consequence analyses, to 400 scfm in the AST analyses.

Justification for the Change:

The unfiltered inleakages to the control room and control building that are assumed in each of the events
listed below are 50 cfm and 400 cfin, respectively.

These assumptions are discussed in Section 4.3.2.1, and identified in Table 4.3-5 of this Enclosure. The
analysis of each of these events demonstrates that the applicable regulatory dose limits in 10 CFR 50.67
are met.

0 Main Steamline Break (MSLB) (Section 4.3.3 of Enclosure VI)
0 Loss of Non-Emergency AC Power (LOAC) (Section 4.3.4 of Enclosure VI)
• Locked Rotor (Section 4.3.5 of Enclosure VI)
• Rod Ejection (Section 4.3.6 of Enclosure VI)
0 Letdown Line Break (Section 4.3.7 of Enclosure VII)
* SteamGenerator Tube Rupture (SGTR) (Section 4.3.8 of Enclosure VI)
* Loss-of-Coolant Accident (LOCA) (Section 4.3.9 of Enclosure VI)
* Waste Gas Decay Tank Failure (Section 4.3.10 of Enclosure VI)
0 Liquid Waste Tank Failure (Section 4.3.11 of Enclosure VI)
* Fuel Handling Accident (FHA) (Section 4.3.12 of Enclosure VI)

AST ANALYSES

The AST analyses performed in accordance with the guidance in Regulatory Guide 1.183 for the USAR
Chapter 15 dose consequence analyses events are described in detail in Section 4.3 of this Enclosure.
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AST TS CHANGES

1. DOSE EQUIVALENT 1- 131 Definition

The current WCGS TS definition of DOSE EQUIVALENT 1-131 states:

"DOSE EQUIVALENT 1- 131 shall be that concentration of 1- 131 (microcuries per gram)
that alone would produce the same dose when inhaled as the combined activities of iodine

isotopes 1-131, 1-132, 1-133, 1-134, and 1-135 actually present. The determination of DOSE
EQUIVALENT 1- 131 shall be performed using thyroid dose conversion factors from:

1) Table III of TID-14844, AEC, 1962, Calculation of Distance Factors for Power and

Test Reactor Sites," or

2) Table E-7 of Regulatory Guide 1.109, Revision 1, NRC, 1977, or

3) ICRP 30, 1979, page 192-212, Table titled, "Committed Dose Equivalent in Target

Organs or Tissues per Intake of Unit Activity," or

4) Table 2.1 of EPA Federal Guidance Report No. 11, 1988, "Limiting Values of
Radionuclide Intake and Air Concentration and Dose Conversion Factors for

Inhalation, Submersion, and Ingestion."

The proposed change would revise the WCGS TS DOSE EQUIVALENT 1- 131 Definition as

follows:

"DOSE EQUIVALENT 1-131 shall be that concentration of 1- 131 (microcuries per gram)
that alone would produce the same dose when inhaled as the combined activities of iodine
isotopes 1-131, 1-132, 1-133, 1-134, and 1-135 actually present. The determination of DOSE

EQUIVALENT 1- 131 shall be performed using thyroid dose conversion factors from
Table 2.1 of EPA Federal Guidance Report No. 11, 1988, "Limiting Values of Radionuclide
Intake and Air Concentration and Dose Conversion Factors for Inhalation, Submersion, and
Ingestion."

The Definition of DOSE EQUIVALENT 1-131 would be revised to delete References 1), 2),
and 3) for the thyroid dose conversion factors. The number of current Reference 4) was deleted,
since it is the only reference left.

Justification for the Change:

NRC Regulatory Issue Summary 2006-04, "Experience with Implementation of Alternative
Source Terms," Summary of Issue 10, "Definition of Dose Equivalent 131I" states: "...Although
different references are available for dose conversion factors, the TS definition should be based
on the same dose conversion factors that are used in the determination of the reactor coolant dose
equivalent iodine curie content for the main steamline break and steam generator tube rupture
accident analyses."
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Therefore the Definition was revised to reflect the reactor coolant system (RCS) dose equivalent
iodine curie content for all dose analyses modeling initial RCS activity.

2. DOSE EQUIVALENT XE-133 Definition

The current WCGS TS definition of DOSE EQUIVALENT XE-133 states:

"DOSE EQUIVALENT XE- 133 shall be that concentration of Xe- 133 (microcuries per
gram) that alone would produce the same acute dose to the whole body as the combined
activities of noble gas nuclides Kr-85m, Kr-87, Kr-88, Xe-133m, Xe-133, Xe-135m,
Xe-135, and Xe-138 actually present. If a specific noble gas nuclide is not detected, it
should be assumed to be present at the minimum detectable activity. The determination of
DOSE EQUIVALENT XE-133 shall be performed using the effective dose conversion
factors for air submersion listed in Table 111. 1 of EPA Federal Guidance Report No. 12,
1993, "External Exposure to Radionuclides in Air, Water, and Soil," or using the dose
conversion factors from Table B-I of Regulatory Guide 1.109, Revision 1, NRC, 1977."

The proposed change would revise the WCGS TS DOSE EQUIVALENT XE-133 Definition as
follows:

"DOSE EQUIVALENT XE- 133 shall be that concentration of Xe- 133 (microcuries per
gram) that alone would produce the same acute dose to the whole body as the combined
activities of noble gas nuclides Kr-85m, Kr-87, Kr-88, Xe-133m, Xe-133, Xe-135m,
Xe-135, and Xe-138 actually present. If a specific noble gas nuclide is not detected, it
should be assumed to be present at the minimum detectable activity. The determination of
DOSE EQUIVALENT XE-133 shall be performed using the effective dose conversion
factors for air submersion listed in Table 111. 1 of EPA Federal Guidance Report No. 12,
1993, "External Exposure to Radionuclides in Air, Water, and Soil."

The Definition of DOSE EQUIVALENT XE-133 would be revised to delete the text: "or using
the dose conversion factors from Table B- 1 of Regulatory Guide 1.109, Revision 1, NRC, 1977."

Justification for the Change:

While not explicitly discussed in NRC Regulatory Issue Summary 2006-04, this change is
consistent with the intent of Summary of Issue 10, "Definition of Dose Equivalent 13' I" which
states: "...Although different references are available for dose conversion factors, the TS
definition should be based on the same dose conversion factors that are used in the determination
of the reactor coolant dose equivalent iodine curie content for the main steamline break and steam
generator tube rupture accident analyses."

Therefore the Definition was revised to reflect the RCS dose equivalent noble gas curie content
for all dose analyses modeling initial RCS activity.
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3. TS 5.5.12, "Explosive Gas and Storage Tank Radioactivity Monitoring Program."

This WCGS program provides controls for potentially explosive gas mixtures contained in the
Waste Gas Holdup System, the quantity of radioactivity contained in gas storage tanks, and the
quantity of radioactivity contained in unprotected outdoor liquid storage tanks. The proposed
change would affect Section 5.5.12.b which specifies one of the items that must be included in
the Program.

The current WCGS TS 5.5.12.b states:

"b. A surveillance program to ensure that the quantity of radioactivity contained in each
gas storage tank is less than the amount that would result in a whole body exposure

of> 0.5 rem to any individual in an unrestricted area, in the event of an uncontrolled
release of the tanks' contents; and"

The proposed change would revise the WCGS TS 5.5.12.b as follows:

"b. A surveillance program to ensure that the quantity of radioactivity contained in each

gas storage tank is less than the amount that would result in a whole body exposure
of> 0.1 rem to any individual in an unrestricted area, in the event of an uncontrolled
release of the tanks' contents; and"

The whole body exposure limit of> 0.5 rem to any individual in an unrestricted area, in
Specification 5.5.12, "Explosive Gas and Storage Tank Radioactivity Monitoring Program,"
item b., was revised to > 0.1 rem.

Justification for the Change:

NRC Regulatory Issue Summary 2006-04, "Experience with Implementation of Alternative
Source Terms," Summary of Issue 11, "Acceptance Criteria for Off-Gas or Waste Gas System
Release," states: "...When the NRC revised 10 CFR Part 20 to incorporate a TEDE dose, the
offsite dose to an individual member of the public was changed from 500 mrem whole body to
100 mrem TEDE. Therefore, any licensee who chooses to implement AST for an off-gas or waste
gas system release should base its acceptance criteria on 100 mrem TEDE..."

Therefore, the whole body exposure limit of> 0.5 rem to any individual in an unrestricted area, in
Specification 5.5.12, "Explosive Gas and Storage Tank Radioactivity Monitoring Program,"
item b., was revised to reflect the 0.1 rem limit based on the guidance in Regulatory Issue

Summary 2006-04.

TSTF-51-A TS CHANGES

The proposed amendment would revise the TS by the adoption of TSTF-5 1-A, Revision 2, "Revise
Containment Requirements during Handling Irradiated Fuel and Core Alterations." TSTF-5 1-A contains
changes that would eliminate the TS requirements for certain Engineered Safety Feature (ESF) systems
(e.g., control room emergency ventilation and containment isolation capability) to be OPERABLE after a
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sufficient radioactive decay has occurred, to ensure that the control room and offsite doses remain below
the applicable regulatory limits. This change also eliminates the OPERABILITY requirements of the
affected ESF systems that are required during the Applicability of "CORE ALTERATIONS," for the
affected TS. This change would allow the flexibility to move personnel and equipment and perform work
which would affect containment OPERABILITY during the handling of irradiated fuel.

TSTF-5 1-A accomplishes these changes by adding the word "recently" prior to "irradiated fuel
assemblies" in the Applicability and Actions of the affected TS. TSTF-5 1-A also modifies some of the
TS Bases to discuss "recently" irradiated fuel assemblies. Consistent with the Bases changes identified in
TSTF-5 1-A, the WCGS Bases discussion of recently irradiated would read as follows:

"Fuel that has occupied part of a critical reactor core within the previous 76 hours."

The WCGS specific decay time of 76 hours is based on the analysis that demonstrates that the control
room and offsite doses resulting from a fuel handling accident (involving fuel removed from a critical
core for more than 76 hours) would be within the applicable regulatory limits without the use of these
ESF systems to mitigate the accident. As such, the TS (i.e., the Applicability and the Actions) would be
modified (i.e., limited) to be applicable when moving "recently" irradiated fuel assemblies, instead of any
"irradiated fuel assemblies."

The WCGS specific decay time of 76 hours was used in the fuel handling accident analysis described in
Section 4.3.12 of this Enclosure.

Consistent with TSTF-5 1-A the following WCGS TS changes are proposed:

3.3.6, "Containment Purge Isolation Instrumentation,"

- The Note stating the applicability of Actions Condition B is revised to delete CORE
ALTERATIONS and revise the movement of irradiated fuel assemblies to the movement of
"recently" irradiated fuel assemblies.

- The Applicability footnotes on Table 3.3.6-1 are revised to delete the CORE
ALTERATIONS footnote and modify the footnote with movement of irradiated fuel
assemblies to movement of "recently" irradiated fuel assemblies. The footnotes are
re-lettered as necessary due to the deletion of the CORE ALTERATION footnote.

3.3.7, "Control Room Emergency Ventilation System (CREVS) Actuation Instrumentation,"

- Actions Condition E is revised to refer to the movement of "recently" irradiated fuel
assemblies.

- Required Action E. 1, "Suspend CORE ALTERATIONS," is deleted.
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Required Action E.2 is revised to suspend movement of "recently" irradiated fuel

assemblies and re-numbered to E. 1.

Applicability Footnote (a) on Table 3.3.7-1 is revised to refer to the movement of
"recently" irradiated fuel assemblies.

3.3.8, "Emergency Exhaust System (EES) Actuation Instrumentation,"

- Actions Condition D and Required Action D. 1 are revised to refer to the movement of
"recently" irradiated fuel assemblies.

- Applicability Footnote (a) on Table 3.3.8-1 is revised to refer to the movement of
"recently" irradiated fuel assemblies.

3.7.10, "Control Room Emergency Ventilation System (CREVS),"

- The Applicability is revised to during movement of "recently" irradiated fuel assemblies.

- Actions Condition D is revised to refer to the movement of "recently" irradiated fuel

assemblies.

- Required Action D.2. 1, "Suspend CORE ALTERATIONS," and the following logical

connector AND are deleted.

- Required Action D.2.2 is re-numbered to D.2 and revised to refer to the movement of
"recently" irradiated fuel assemblies.

- Actions Condition E is revised to refer to the movement of "recently" irradiated fuel

assemblies.

- Required Action E. 1, "Suspend CORE ALTERATIONS," and the following logical
connector AND are deleted.

- Required Action E.2 is re-numbered to E. 1 and revised to refer to the movement of
"recently" irradiated fuel assemblies.

3.7.11, "Control Room Air Conditioning System (CRACS),"

- The Applicability is revised to during movement of "recently" irradiated fuel assemblies.

- Actions Condition C is revised to refer to the movement of "recently" irradiated fuel

assemblies.

- Required Action C.2.1, "Suspend CORE ALTERATIONS," and the following logical

connector AND are deleted.
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Required Action C.2.2 is re-numbered to C.2 and revised to refer to the movement of
"recently" irradiated fuel assemblies.

Actions Condition D is revised to refer to the movement of "recently" irradiated fuel

assemblies.

Required Action D. 1, "Suspend CORE ALTERATIONS," and the following logical

connector AND are deleted.

Required Action D.2 is re-numbered to D. 1 and revised to refer to the movement of
"recently" irradiated fuel assemblies.

3.7.13, "Emergency Exhaust System (EES),"

- The Applicability and the Note following the Applicability are revised to during movement

of "recently" irradiated fuel assemblies.

- Actions Conditions D, E and F are revised to refer to the movement of "recently" irradiated
fuel assemblies.

- Required Actions D.2 and F. 1 are revised to refer to the movement of "recently" irradiated

fuel assemblies.

3.9.4, "Contaimnent Penetrations,"

- The Applicability is revised to delete CORE ALTERATIONS and revise the movement of
irradiated fuel assemblies within containment to the movement of "recently" irradiated fuel
assemblies within containment.

- Required Action A. 1, "Suspend CORE ALTERATIONS," and the following logical
connector AND are deleted.

- Required Action A.2 is re-numbered to A. 1 and revised to refer to the movement of
"recently" irradiated fuel assemblies.

TSTF-5 1-A also includes similar TS changes (as those described above) to the following TS:

* 3.8.2, 'AC Sources - Shutdown,"
* 3.8.5, "DC Sources - Shutdown,"
* 3.8.8, "Inverters - Shutdown,"
* 3.8.10, "Distribution Systems - Shutdown," and
* 3.9.7, "Refueling Cavity Water Level."
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The TSTF-5 I-A changes proposed by WCNOC do not include changes to the TS discussed above, for the
reasons discussed below.

The TSTF-5 1-A change to TS 3.9.7, "Refueling Cavity Water Level," deletes the Applicability of CORE
ALTERATIONS. The corresponding WCGS TS 3.9.7, "Refueling Pool Water Level," which applies to the
refueling cavity water level, does not have the Applicability of CORE ALTERATIONS. Therefore, the
TSTF-5 I-A change does not apply to this WCGS TS.

Regarding the four electrical TS listed above, the primary reason for implementing TSTF-5 1-A, as stated
in the TSTF, is to allow the flexibility to move personnel and equipment and perform work that would
affect containment OPERABILITY during the handling of irradiated fuel. The TSTF changes to the
electrical TS listed above do not impact the movement of personnel and equipment in and out of
containment. In addition, WCNOC chose to conservatively maintain the TS Applicability of electrical
system TS requirements whenever irradiated fuel assemblies (independent of whether they are "recently
irradiated," or not) are moved. Considering that the deviation from the electrical TS changes in
TSTF-5 I-A results in more conservative WCGS TS, WCNOC finds that this deviation from the TSTF is
acceptable, and will continue to ensure the affected electrical system requirements remain applicable,
whenever any irradiated fuel is moved.

Justification for the Change:

Following reactor shutdown, the decay of the short-lived fission products greatly reduces the fission
product inventory present in irradiated fuel. The proposed changes are based on performing analyses
assuming a decay time that takes advantage of the reduced radionuclide inventory available for release in
the event of a fuel handling accident. Following a sufficient decay time, the primary success path for
mitigating the fuel handling accident no longer includes the functioning of the active ESF systems and
verification of containment penetration status as required by the TS addressed by this proposed change.
Therefore, the OPERABILITY requirements of the TS are modified to reflect that after the stated decay
time, the water level (> 23 ft) and decay time are the primary success path for mitigating a fuel handling

accident. As such, after the decay time of 76 hours, the ESF systems and containment penetration status
requirements addressed in TSTF-5 I-A are not required to ensure the resulting control room and offsite
doses resulting from a fuel handling accident are within the applicable regulatory limits.

The WCGS fuel handling accident analyses were performed assuming a decay time of 76 hours. The
results of these analyses demonstrate that the potential offsite and control room doses from a fuel
handling accident (inside containment or in the fuel handling building) after a decay time of 76 hours has
elapsed are well within the applicable regulatory limits in 10 CFR 50.67 for offsite locations and within
the applicable limits in GDC 19 for the control room by maintaining the TS water level limits of> 23 ft,
as discussed below.
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Based on the considerations discussed above regarding the fuel handling accident analyses, decay time,
and the following TS water level requirements of:

TS 3.7.15, "Fuel Storage Pool Water Level," requires that "The fuel storage pool water level shall
be > 23 ft over the top of irradiated fuel assemblies seated in the storage racks." TS 3.7.15 is
applicable "During movement of irradiated fuel assemblies in the fuel storage pool," and
TS 3.9.7, "Refueling Pool Water Level," requires that the "Refueling pool water level shall be
maintained >: 23 ft above the top of reactor vessel flange." TS 3.9.7 is applicable "During
movement of irradiated fuel assemblies within containment."

It can be concluded that the WCGS TS water level requirements of_> 23 ft continue to provide adequate
assurance that the potential control room and offsite doses from a fuel handling accident (that occurs after
76 hours) is maintained within the applicable regulatory limits.

The WCGS fuel handling accident analyses were performed assuming a decay time of 76 hours. The
results of these analyses demonstrate that the potential exclusion area boundary (EAB), low population
zone (LPZ) and control room doses from a fuel handling accident (inside containment or in the fuel
handling building) after a decay time of 76 hours has elapsed are well within the regulatory limits in
10 CFR 50.67 for the EAB and LPZ and within the applicable limit in 10 CFR 50.67 for the control room.

The fuel handling accident analyses inside containment or inside the fuel handling building assume that
the entire fission product inventory of 1 fuel assembly plus 20% of an adjacent assembly is released to the
atmosphere within a 2-hour period, after a decay time of 76 hours has elapsed and do not take credit for
the following WCGS TS systems:

* 3.3.6, "Containment Purge Isolation Instrumentation,"

* 3.3.7, "Control Room Emergency Ventilation System (CREVS) Actuation Instrumentation,"

* 3.3.8, "Emergency Exhaust System (EES) Actuation Instrumentation,"

* 3.7.10, "Control Room Emergency Ventilation System (CREVS),"

* 3.7.11, "Control Room Air Conditioning System (CRACS),"

* 3.7.13, "Emergency Exhaust System (EES)," and

* 3.9.4, "Containment Penetrations."

Regarding fuel handling of recently irradiated fuel (i.e., "fuel that has occupied part of a critical reactor
core within the previous 76 hours") the OPERABILITY requirements for the ESF systems and
containment penetration requirements ensure these systems are available and that the containment
penetration requirements are met. Therefore, the TS will continue to provide adequate assurance the
potential dose from a fuel handling accident involving recently irradiated fuel assemblies will be
maintained within the required limits in the same manner as before.
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The proposed change also includes the deletion of the OPERABILITY requirements during CORE

ALTERATIONS for the ESF systems addressed in TSTF-5 I-A. The events that could occur during CORE

ALTERATIONS, other than a fuel handling accident, would not result in fuel cladding integrity damage.

Since the only accident postulated to occur during CORE ALTERATIONS that results in a significant
radioactive release is the fuel handling accident, the proposed changes to the TS requirements deleting

CORE ALTERATIONS is justified.

TSTF-51 requires licensees adding the term "recently" must make the following commitment which is

consistent with NUMARC 93-01, draft Revision 3, Section 11.2.6, "Safety Assessment for Removal of
Equipment from Service During Shutdown Conditions," subheading "Containment - Primary (PWR)/

Secondary (BWR)."

"The following guidelines are included in the assessment of systems removed from service during

movement irradiated fuel:

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 fuel decays away fairly rapidly.

The basis of the Technical Specification OPERABILITY amendment is the reduction in doses

due to such decay. The goal of maintaining ventilation system and radiation monitor availability
is to reduce doses even further below that provided by the natural decay.

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."

In WCNOC letter ET 01-0021, "Revision to Technical Specification 3.9.4, "Containment Penetrations","

dated August 7, 2001, WCNOC provided specific details regarding how the guidance in
NUMARC 93-01, Section 11.3.6, "Assessment Methods for Shutdown Conditions, sub-section 11.3.6.5,

"Containment - Primary (PWR)/Secondary(BWR)," is being met. This is consistent with the requested

commitment in TSTF-5 1. The NRC approved the proposed change in Amendment No. 146

(July 30, 2012). Based on this information, WCNOC considers the guidance in NUMARC 93-01 is being

satisfied.
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3 BACKGROUND

The current WCGS licensing basis for DBA analysis source terms is U.S. Atomic Energy Commission
TID-14844, "Calculation of Distance Factors for Power and Test Reactor Sites," dated March 23, 1962.
This is consistent with 10 CFR Part 100, Section 11 (10 CFR 100. 11), "Determination of exclusion area,
low population zone, and population center distance," for reactor siting, which contains offsite dose limits
in terms of whole body and thyroid dose and further makes reference to TID-14844.

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

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

Acceptance criteria consistent with that required by 10 CFR 50.67 were used to replace WCGS current
design basis source term acceptance criteria. As part of the implementation of the AST, the TEDE
acceptance criterion of 10 CFR 50.67(b)(2) replaces the previous whole body and thyroid dose guidelines
of 10 CFR 100.11 and 10 CFR Part 50, Appendix A, GDC 19, "Control room," for the DBAs identified in
RG 1.183 that could potentially result in control room and offsite doses.

The accident source term is intended to be representative of a major accident involving significant core
damage. As a result of significant core damage, fission products are available for release into the
containment environment. The proposed AST is an accident source term that is different from the accident
source term used in the original design and licensing of WCGS. However, 10 CFR 50.67, as implemented
in accordance with RG 1.183, identifies an AST that is acceptable to the NRC staff for use at operating
reactors.
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The following regulatory requirements and guidance are also considered within this proposed license
amendment:

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

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

NRC Generic Letter 2003-01, "Control Room Habitability," requests addressees to submit information
that demonstrates that the control room at each of their respective facilities complies with the current
licensing and design bases and applicable regulatory requirements, and that suitable design, maintenance

and testing control measures are in place for maintaining this compliance.

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

RG 1.145, "Atmospheric Dispersion Models for Potential Accident Consequence Assessments at Nuclear
Power Plants," provides guidance to determine relative concentrations for assessing the potential offsite
radiological consequences for a range of postulated accidental releases of radioactive material to the
atmosphere. These procedures include consideration of plume meander, directional dependence of
dispersion conditions, and wind frequencies for various locations around actual exclusion area and LPZ
boundaries.
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4 TECHNICAL ANALYSIS

4.1 ATMOSPHERIC DISPERSION FACTOR - OFFSITE, CRHE, TSC

4.1.1 Atmospheric Dispersion Factors - Offsite

4.1.1.1 Introduction

The section describes a recalculation of atmospheric dispersion factors (X/Q. sec/mr3) for the EAB and the
outer boundary of the LPZ using the most recent meteorological data for WCGS in the event of accidental
release of fission products. The existing site boundary X/Q values are based on meteorological data from
the late 1970s. This calculation is known in the Wolf Creek USAR subsection 2.3.4 as "short-term
(accident) diffusion estimates." The methodology that is acceptable to the NRC staff for performing the
calculation is described by RG 1.145 (Reference 1). Furthermore, the RG 1.145 methodology can be filly
implemented through the use of the NRC sponsored PAVAN code (Reference 2). PAVAN is a computer
program developed and officially issued in 1983 by Pacific Northwest Nuclear Laboratory under the
sponsorship of the NRC. PAVAN is a computer program specifically used for determining atmospheric
dispersion factors (x/Q) at offsite locations for assessment of consequences of design basis accidents
according to the methodology described in RG 1.145.

PAVAN implements a straight line Gaussian dispersion model based on the assumption that materials
released to the atmosphere will be normally distributed about the plume centerline. A straight-line
trajectory is assumed from the point of release to the point of interest. An adjustment factor can be used to
include the effect of non-straight trajectories affected by the terrain in the calculation through the
user-input options.

4.1.1.2 Input Data and Parameters

Site-specific meteorological data are required as input in the form of joint frequency distributions of wind
direction and wind speed for each atmospheric stability class.

4.1.1.3 Meteorological Data

Meteorological data include hourly observations of wind speed and wind direction and a measurement of
atmospheric stability. A 15-minute average, for each of the monitoring system's parameters, was used for
each hour of data. Values outside of reasonable ranges were removed from the data set and were
annotated for future reference and processing. Since redundant instruments are used, if the data from the
primary instrument was reporting bad data, the data from the secondary instrument was used instead. Five
consecutive years of WCGS site-specific meteorological data from January 1, 2006 to December 31, 2010
were collected and processed into the form of joint frequency distributions. The joint frequency
distributions are the average numbers of hours that wind blew in a certain direction for a certain wind
speed category and a certain atmospheric stability class. The joint frequency distribution data indicate the
existence of winds (in units of hours) in all 16 directions for all wind speed categories (up to 14) and for
all 7 atmospheric stability classes. These data are shown in Tables 4.1.1-1 through 4.1.1-7, where the
number 7 corresponds to the total number of stability classes. Each of these tables shows the distributions
of joint frequency of occurrence of the wind directions and wind speeds for each stability class.
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The data recovery for the 5-year period met the 90% recovery criterion. There was only one large gap in

recorded data. The missing data occurred when the meteorological data logger failed and had to be

replaced. Due to this issue, there is not meteorological data from May 30 2007 to June 7 2007. The total

number of hours from the site-specific 5-year data used in the analysis is 40,065 hours and is considered

to be sufficiently representative to predict the long-term trend. RG 1.145 did not specifically mention the

minimum number of years of data that should be used in the analysis. However according to RG 1.194,

which is a guideline for calculating X/Q for the control room, the NRC considers 5 years (43,824 hours) of

hourly data to be representative of long-terin trends at most sites.

For the PAVAN input file, the guidance in RG 1.145 was followed. Wind direction was classed into 16

compass directions (22.5' sectors centered on true north). Seven stability class categories were used. The
winds speed categories used were: calm, 0.5, 0.75, 1.0, 1.25, 1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0 and 10.0

(meters per second). Calms were defined as hourly average wind speeds below the vane starting speed,
since the wind speed threshold of the vane is greater than that of the anemometer.

4.1.1.3.1 Meteorological Monitoring Program

The meteorological tower is located in an open field about 0.5 miles northeast of the plant site. The terrain

is flat and undulating, and the tower is located on a flat ridge. There are no variations in topography
which exceed 55 feet within a 1 mile radius of the tower.

The meteorological monitoring system was designed to provide a reliable system consistent with the

guidance in RG 1.23 (Safety Guide 23) "Onsite Meteorological Programs" as to the scope of monitoring

activities and overall quality of the monitored data.

The meteorological tower consists of a 90-meter tower instrumented with the following equipment

located at the 10 and 60-meter levels:

* Redundant Wind Speed Instruments
* Redundant Wind Direction Instruments
* Redundant Temperature Instruments

Stability class is determined using the temperature difference measurements between the 10 and 60-meter

elevation instruments.

Meteorological monitoring instruments are calibrated on a semi-annual frequency. Calibrations are also

performed after major equipment malfunctions, equipment modifications and equipment replacements.

The meteorological data observed by the monitoring equipment is transmitted to a strip chart recorder and
the plant computer. An error alarm is generated if the output from a parameter exceeds the operating range

for that parameter.
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Table 4.1.1-1 Joint Frequency Distribution of Wind Speed and Direction for Stability Class A

Atmospheric Stability: Class A
Period of Record: January 1, 2006 to December 31, 2010
Elevation of Wind Measurement: 13.48 m
This table shows the number of hours of joint occurrence of wind in a certain wind direction and in a certain wind speed category.

Maximum Wind Direction
Wind

Speed (m/s) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.75 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 2

1.00 1 0 2 1 0 0 0 0 1 1 0 0 0 0 0 0 6

1.25 0 1 4 0 1 0 0 2 0 0 0 0 0 0 0 1 9

1.50 0 1 1 1 1 4 2 3 1 1 4 2 1 2 1 1 26

2.00 8 10 5 3 8 3 6 12 2 3 5 7 2 6 3 2 85

3.00 28 30 42 33 33 20 20 43 23 14 18 17 32 23 19 25 420

4.00 32 41 61 48 51 57 59 126 78 30 36 22 38 28 27 36 770

5.00 40 44 28 19 39 54 53 188 151 76 69 29 35 31 31 44 931

6.00 43 13 14 10 16 37 49 140 232 102 61 15 23 16 40 71 882

8.00 60 14 4 9 18 20 57 154 331 209 28 16 52 37 83 111 1203

10.00 17 8 0 0 2 2 4 53 165 66 2 7 15 25 49 71 486

44.70 8 0 0 0 0 0 2 11 46 12 1 5 14 34 20 9 162

Total 237 162 161 124 169 198 252 732 1030 514 224 120 212 202 274 371 4982

Number of calm hours = 0
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Table 4.1.1-2 Joint Frequency Distribution of Wind Speed and Direction for Stability Class B

Atmospheric Stability: Class B
Period of Record: January 1, 2006 to December 31, 2010
Elevation of Wind Measurement: 13.48 ini
This table shows the number of hours of joint occurrence of wind in a certain wind direction and in a certain wind speed category.

Maximum Wind Direction
Wind Speed T(mis) N NNE NE ENE E ESE SE SSE 5 SSW SW WSW W WNW NW NNW Total

0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.75 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1

1.00 0 1 0 0 1 0 0 0 1 1 0 1 1 0 0 0 6

1.25 1 0 1 1 0 0 0 0 0 0 0 2 0 0 1 0 6

1.50 1 1 1 2 3 2 3 1 0 0 2 1 0 0 0 4 21

2.00 5 4 6 9 5 4 5 9 5 1 2 11 3 11 6 6 92

3.00 22 28 50 24 25 29 21 49 41 14 14 16 18 8 15 22 396

4.00 24 36 31 29 33 30 29 62 58 29 15 15 13 12 14 26 456

5.00 37 26 6 18 16 20 25 56 65 29 24 13 13 7 19 34 408

6.00 20 12 3 2 11 9 15 22 145 49 13 3 12 8 24 33 281

8.00 24 8 1 4 2 5 19 35 64 64 8 6 11 20 46 55 372

10.00 16 2 0 0 0 1 3 12 35 24 1 2 9 15 35 43 198

44.70 7 0 0 0 1 0 3 6 15 10 0 6 5 19 16 4 92

Total 157 118 99 89 97 101 123 252 329 221 79 76 85 100 176 227 2329

[Number of calm hours =0
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Table 4.1.1-3 Joint Frequency Distribution of Wind Speed and Direction for Stability Class C

Atmospheric Stability: Class C
Period of Record: January 1, 2006 to December 31, 2010
Elevation of Wind Measurement: 13.48 m
This table shows the number of hours of joint occurrence of wind in a certain wind direction and in a certain wind speed category.

Maximum Wind Direction
Wind Speed

(m/s) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.75 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1

1.00 1 1 0 1 0 0 0 0 1 0 0 1 0 0 1 0 6

1.25 3 3 0 1 1 1 1 5 2 0 0 1 2 1 2 1 24

1.50 1 4 4 1 4 2 6 4 2 1 0 3 3 6 4 1 46

2.00 4 8 12 5 12 11 8 15 9 8 4 8 5 7 3 3 122

3.00 19 40 34 28 39 28 34 75 40 17 16 16 13 18 15 20 452

4.00 40 30 30 47 32 25 20 58 67 32 21 18 24 14 30 27 515

5.00 40 19 7 20 20 18 14 29 61 41 11 9 9 13 18 31 360

6.00 39 6 6 5 16 18 27 33 33 52 10 3 8 13 27 42 338

8.00 36 13 0 5 9 6 14 38 54 68 7 10 10 24 42 56 392

10.00 22 1 0 0 2 1 5 14 28 32 5 4 3 20 38 27 202

44.70 2 0 0 0 1 0 1 4 16 6 1 1 4 9 15 5 65

Total 207 125 93 113 136 110 131 275 313 257 75 74 81 125 195 213 2523

Number of calm hours = 0
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Table 4.1.1-4 Joint Frequency Distribution of Wind Speed and Direction for Stability Class D

Atmospheric Stability: Class D
Period of Record: January 1, 2006 to December 31, 2010
Elevation of Wind Measurement: 13.48 m
This table shows the number of hours ofjoint occurrence of wind in a certain wind direction and in a certain wind speed category.

Maximum Wind Direction
Wind Speed

(m/s) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

0.50 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 3

0.75 2 4 11 2 6 2 2 1 0 1 3 1 1 2 0 1 39

1.00 4 19 18 9 4 9 5 4 1 1 3 1 0 3 1 3 85

1.25 9 18 20 10 14 9 11 9 9 4 5 6 3 2 3 10 142

1.50 8 20 27 18 17 8 13 20 12 6 10 12 4 6 5 12 198

2.00 34 52 67 62 41 39 56 50 31 24 37 34 18 14 17 28 604

3.00 118 164 213 154 134 148 116 127 144 85 109 53 54 41 52 122 1834

4.00 198 124 154 190 157 150 166 264 210 162 93 62 69 78 145 190 2412

5.00 217 119 66 101 102 112 172 276 291 190 46 38 77 107 194 218 2326

6.00 197 85 16 46 77 76 118 250 354 156 45 30 58 103 177 244 2032

8.00 318 61 8 31 65 50 87 279 500 214 14 38 82 162 292 441 2642

10.00 119 21 0 2 12 4 17 113 219 97 7 24 31 70 136 203 1075

44.70 39 0 1 0 2 0 8 39 119 31 4 5 8 21 50 41 368

Total 1263 687 601 625 632 608 771 1432 1891 971 376 304 405 609 1072 1513 13760

Number of calm hours = 1
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Table 4.1.1-5 Joint Frequency Distribution of Wind Speed and Direction for Stability Class E

Atmospheric Stability: Class E
Period of Record: January 1, 2006 to December 31, 2010
Elevation of Wind Measurement: 13.48 m
This table shows the number of hours of joint occurrence of wind in a certain wind direction and in a certain wind speed category.

Maximum Wind Direction
Wind Speed

(m/s) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

0.50 1 0 3 1 1 0 1 2 0 2 0 0 0 0 0 0 11

0.75 2 6 5 5 3 2 3 1 1 2 0 0 2 2 2 2 38

1.00 12 14 15 10 4 4 3 7 3 6 0 4 1 2 2 6 93

1.25 20 17 20 20 18 12 13 1 7 5 8 3 2 0 5 7 158

1.50 20 31 26 18 28 29 23 9 3 8 15 5 4 3 8 10 240

2.00 62 47 64 70 63 83 62 39 21 36 62 25 10 9 17 46 716

3.00 98 75 98 148 173 184 219 240 163 104 166 56 75 56 114 155 2124

4.00 125 50 46 73 113 169 275 421 270 174 81 53 79 90 151 167 2337

5.00 78 26 11 43 70 104 182 446 324 175 29 40 43 67 100 121 1859

6.00 48 11 4 32 44 60 86 306 246 70 16 15 17 17 46 65 1083

8.00 43 14 3 3 13 22 61 370 330 80 8 6 3 6 20 39 1021

10.00 2 1 1 0 1 4 12 107 142 34 5 3 4 1 2 5 324

44.70 4 0 0 1 0 2 8 26 94 7 1 1 0 0 0 0 144

Total 515 292 296 424 531 675 948 1975 1604 703 391 211 240 253 467 623 10148

Number of calm hours =
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Table 4.1.1-6 Joint Frequency Distribution of Wind Speed and Direction for Stability Class F

Atmospheric Stability: Class F
Period of Record: January 1, 2006 to December 3 1, 20 10
Elevation of Wind Measurement: 13.48 m
This table shows the number of hours of joint occurrence of wind in a certain wind direction and in a certain wind speed category.

Maximum Wind Direction
Wind Speed

(mis) N7 NNE NE ENE E ESE SE SSE 5 SSW SW WSW W WNW NW NNW Total

0.50 2 2 1 3 0 3 0 0 1 1 1 0 0 0 0 0 14

0.75 1 7 9 6 1 2 1 3 1 0 4 2 2 2 2 2 45 j

1.00 9 13 15 4 11 9 5 4 2 3 3 6 3 4 6 3 100

1.25 8 19 23 9 11 12 8 8 8 6 6 5 2 4 5 10 144

1.50 14 29 25 17 30 15 11 17 5 2 9 3 1 6 9 11 204

2.00 44 50 53 58 79 79 122 36 13 13 23 8 4 12 30 37 661

3.00 98 65 49 195 179 221 243 156 59 45 45 18 19 15 84 111 1602

4.00 64 33 16 40 58 64 110 175 85 45 13 11 13 8 53 67 855

5.00 13 3 0 5 7 6 32 83 70 27 4 6 3 2 4 20 285

6.00 3 0 0 0 4 1 8 40 44 15 0 1 0 0 1 4 121

8.00 0 0 0 0 0 0 2 24 30 3 1 1 0 0 0 1 62

10.00 0 0 0 0 0 0 0 3 11 1 2 0 0 0 0 0 17

44.70 0 0 0 0 0 0 0 0 3 1 0 0 0 0 0 0 4

Total 256 221 191 337 380 412 542 549 332 162 111 61 47 53 194 266 4114

Number of calm hours 5
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Table 4.1.1-7 Joint Frequency Distribution of Wind Speed and Direction for Stability Class G

Atmospheric Stability: Class G
Period of Record: January 1, 2006 to December 31, 2010
Elevation of Wind Measurement: 13.48 m
This table shows the number of hours of joint occurrence of wind in a certain wind direction and in a certain wind speed category.

Maximum Wind Direction
Wind Speed

(m/s) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

0.50 3 2 2 0 2 0 0 1 1 1 2 0 1 1 0 0 16

0.75 5 3 6 4 2 4 3 2 0 1 2 2 1 2 1 5 43

1.00 4 10 5 5 7 4 5 0 0 4 1 5 3 7 5 7 72

1.25 8 17 16 9 7 8 6 5 4 3 1 2 1 7 7 18 119

1.50 14 25 25 5 11 15 8 4 1 3 5 2 4 3 10 13 148

2.00 33 90 55 20 61 65 46 16 5 6 7 3 2 17 20 41 487

3.00 73 75 60 112 128 162 124 53 35 6 16 3 1 10 50 69 977

4.00 16 20 9 29 22 27 11 39 29 2 8 1 1 2 22 37 275

5.00 6 2 0 1 2 1 3 10 6 2 3 0 0 0 1 5 42

6.00 0 1 0 0 1 1 1 1 5 1 1 0 0 0 0 1 13

8.00 0 0 0 0 0 0 0 4 2 0 0 0 0 0 0 0 6

10.00 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1

44.70 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 162 245 178 185 243 287 207 135 88 30 46 18 14 49 116 196 2199

Number of calm hours = 3

August 2013

Revision 0



WESTI-NGHOUSE NON-PROPRIETARY CLASS 3 4-10

4.1.1.3.2 Input Parameters

The descriptions and justifications of key input parameters to the PAVAN computer code are provided in
Table 4.1.1-8.

Table 4.1.1-8 Descriptions and Justifications of Key Input Parameters

Variable
Name Descriptions and justifications

A This is an input of minimum cross-sectional area (mi2) of the containment structure for use in
the building wake effect calculation. In general, the smaller value for this area yields larger,

more conservative X/Q s.

For releases from potential sources such as the equipment hatch, unit vent stack, main steam
safety valves/atmospheric relief valves (MSSVs/ARVs) vent, or turbine-driven auxiliary
feedwater (TDAFW) exhaust vent, the cross-sectional area of the containment building is used.
These release sources are located close to the containment building. The containment building
wake effect for winds in most directions is applicable to these sources. Effects from other
smaller adjacent buildings are ignored.
For a release from the refueling water storage tank (RWST), the cross-sectional area of the
RWST is used. The RWST is located more than 100 ft from the closest containment building
wall. In this case, the wake effects due to the containment building for certain wind sectors and
other adjacent buildings are conservatively ignored.

Cross-sectional area of the containment building = 2649 M2

Cross-sectional area of the RWST = 170.94 mi2

D This input is the height (in) above plant grade of the containment structure used in the
building-wake term for the annual-average calculations.

The height of the containment building is 63.66 m.

The height of the RWST is 14.02 in.

HS This input is the height above plant grade of the release point. The input value of this height
depends upon whether the release is a ground-level release or a stack release.

A ground-level release is defined as any release whose plume can be influenced by the airflow
wake of the building structures. This is generally all release points that are effectively less than
2 V2 times the height of adjacent solid structures. For a ground-level release, HS = 10.0 in must
be set. This is the release height assumed by the PAVAN code for a ground-level release.

All release points (which include the equipment hatch, unit vent stack, MSSVs/ARVs vent,
TDAFW exhaust vent, and RWST) considered at WCGS satisfy the ground-level release
definition. These release points are right on top of buildings or structures, and will be at the
minimum under the influence of the respective building/structure. This is in addition to
adjacent buildings. Hence, all release points are classified as a ground-level release.

TOWERH This is an input for height (m) above ground level at which the wind speed was measured.
When TOWERH is larger than HS, the wind speed is adjusted downward by the PAVAN code,
so that the wind speed is consistent with the release height.

Here, the input height is 13.48 m.
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Table 4.1.1-8 Descriptions and Justifications of Key Input Parameters
(cont.)

Variable
Name Descriptions and justifications

CALM(J) This is an input for the number of hours or percent of calm for each stability class:
J = 1,7 J=l- stability class A

J=2 - stability class B
J=3 - stability class C
J=4 - stability class D
J=5 - stability class E
J=6 - stability class F
J=7 - stability class G

Calm wind speed - Calms are defined in RG 1.145 as hourly average wind speeds below the
vane or anemometer starting speed, whichever is higher. At WCGS, 0.75 mph (0.34 m/s) is the
calm threshold. This is the value used in the Wolf Creek USAR.

NVEL Number of wind speed categories into which the joint frequency data are classified (maximum
of 14).

UMAX(I) This is an input for defining the maximum wind speed (meters/second) for each wind speed
I = 1,NVEL category.

The wind speed data are classified into 14 categories, the maximum number allowed by the
PAVAN code, as follows: 0.34 (calm), 0.5, 0.75, 1.0, 1.25, 1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0,
and 44.7 meters/second. The first wind speed category is calm wind. This way of wind speed
classification with higher resolution in the lower wind speed range is recommended by
NUREG/CR-2858 (Reference 2) in order to achieve the best results for the X/Q value at
0.5 percentile. See Table 4.1.1-9.

BDY(K,I) This is an input for downwind distances (meters) at which X/Q is to be calculated for each wind
K=1,16 direction sector (16 in total). K=I is to the south boundary, K=2 to the SSW, and, K=16 to the

1=1,2 SSE.

Two sets of distances (1=l and 2), one for the EAB and another for the LPZ boundary, for each
wind direction sector that is used as input.

Here, the EAB distance of 1200 meters and the LPZ distance of 4023 meters, as defined in the
Wolf Creek USAR, are used for all wind directions. See Table 4.1. 1-10.

TAF(K,I) This is an input for a site-specific terrain correction factor.
K = 1,16 See assumption 4 in section 4.1. 1.3 for a justification of the values selected.
I = 1,2
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Table 4.1.1-9 Wind Speed Categories used in the PAVAN Calculations

Maximum Wind Speed

Category Number Meters/Second Miles/Hour

(calm speed) 0.34 0.75

2 0.5 1.12

3 0.75 1.68

4 1.0 2.24

5 1.25 2.80

6 1.5 3.36

7 2.0 4.47

8 3.0 6.71

9 4.0 8.95

10 5.0 11.18

11 6.0 13.42

12 8.0 17.90

13 10.0 22.37

14 44.7 100

Table 4.1.1-10 Downwind Distances to EAB and LPZ at which x/Q s are Calculated

Downwind Direction Distance to EAB (meters) Distance to LPZ (meters)

S 1200 4023

SSW 1200 4023

SW 1200 4023

WSW 1200 4023

W 1200 4023

WNW 1200 4023

NW 1200 4023

NNW 1200 4023

N 1200 4023

NNE 1200 4023

NE 1200 4023

ENE 1200 4023

E 1200 4023

ESE 1200 4023

SE 1200 4023

SSE 1200 4023
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4.1.1.4 Assumptions and Acceptance Criteria

Assumptions

1. A release of radioactive materials during an accident from one or more potential release sources is
treated as a single ground-level release source (i.e. no multiple releases at the same time) for all
cases. The PAVAN code cannot model multiple release sources.

2. The distance from the release point to the EAB is 1200 meters for all directions regardless of the
release location. Likewise, the distance from the release point to the LPZ boundary is
4023 meters for all directions. This assumption is based on these two distances that are discussed
in the Wolf Creek USAR.

3. A building wake effect is included in the calculation.

0 For a release from potential sources such as the equipment hatch, unit vent stack,
MSSVs/ARVs vent, or TDAFW exhaust vent, the cross-sectional area of the containment
building is used for the calculation of the building wake term. These release sources are
located close to the containment building. Wake effects from other smaller adjacent
buildings are ignored.

* For a release from the RWST, the cross-sectional area of the RWST is used for the
building wake term. The RWST is located more than 100 feet from the closest
containment building wall. The wake effects due to the containment building for certain
wind sectors and other adjacent buildings are conservatively ignored.

4. A straight trajectory of plume movement from the release point to the EAB and LPZ distances is
assumed as part of the PAVAN model. The straight trajectory assumption is then supplemented by
the use of the terrain correction factors. The terrain correction factors account for the possibility
of non-straight trajectory due to temporal and spatial variations in airflow in the EAB and LPZ
areas that do not reflect in the meteorological data collected at a single onsite station that is used
in this calculation.

In the USAR Chapter 2.3.5, on the long-term diffusion estimate, terrain/recirculation
correction factors for the 16 wind sectors were calculated based on 1973-1974 data and
listed in Table 2.3-61. The maximum value for the EAB in the W sector and the maximum
value for the LPZ in the WSW sector were conservatively applied to all wind sectors in the
PAVAN calculation.

5. Plume meander in the horizontal direction under low wind conditions is a physical phenomenon
that is internally accounted for in the PAVAN calculation for wind speed less than 6 m/s and
atmospheric stability conditions being neutral (class D) or stable (class E, F, or G). (This is a code
model assumption.)
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Acceptance Criteria

The acceptance criteria for detenrmining offsite x/Q values are that the calculation is performed according
to the methodology and guidelines of RG 1.145.

4.1.1.5 Results

The output from the code calculation includes the characteristics of the meteorological data and the
relative concentration (x/Q) of contaminants in the plume as functions of direction for various time
periods at the EAB and the boundary of the LPZ. Several definitions of x/Q values are calculated, and
these are described below.

Statistical Characteristics of the 5-Year Meteorological Data

Tables 4. 1.1-11 through 4.1.1-17 show the joint frequency distributions that were normalized by PAVAN
into a percent of the total wind hours. Tables 4.1.1-11 through 4.1.1-17 are a repeat of Tables 4.1.1-1
through 4.1.1-7, except that the data are presented in percent, rather than the actual number of wind hours.
The total percent of wind in each stability class is shown at the lower right comer in each of these tables.
The total sum of these numbers adds up to 100 percent. From these tables, meteorological conditions were
mostly neutral or stable (i.e., stability class D - neutral (34.35 percent), class E - slightly stable
(25.33 percent) and class F - moderately stable (10.28 percent). From these normalized data in
Tables 4.1.1-11 through 4.1.1-17, the overall wind direction frequency and the wind speed frequency are
calculated as shown in Tables 4.1.1-18 and 4.1.1-19, respectively. The wind direction frequency in
Table 4.1.1-18 indicates that there were more winds from the S direction (13.9 percent) and the SSE
direction (13.4 percent), than from other directions. The wind speed frequency in Table 4.1.1-19 indicates
that the majority of wind speed is from 3 ni/s to 8 im's (i.e., 19.48 percent for 2 to 3 m/s, 19.02 percent for
3 to 4 mn/s, 15.50 percent for 4 to 5 in/s, 11.86 percent for 5 to 6 in/s, and 14.22 percent for 6 to 8 m/s).

Maximum Sector x/Q

For each of the 16 downwind direction sectors, PAVAN calculates X/Q values for each combination of
wind speed category and atmospheric stability class at an EAB distance and an LPZ distance. The x/Q
values calculated for each sector are arranged in order from largest to smallest, and the associated
cumulative frequency distribution is derived based on the frequency distribution of wind speed and
stability class for that sector. The smallest x/Q value for the sector has a cumulative frequency of
100 percent for that sector. Then the 0.5 percent x/Q value for the sector that corresponds to the
cumulative frequency of 0.5 percent of the total time of all sectors is determined by logarithmic
interpolation. Up to 16 such 0.5 percent x/Q values are calculated for all 16 sectors. Then the maximum
sector X/Q value is selected from the maximum value of the 16 sectors.

Overall Site x/Q

PAVAN calculates the overall site X/Q value by combining x/Q values from all wind sectors into a
cumulative frequency distribution for the entire site. Then the overall site x/Q value is selected from the
value that corresponds to 5.0 percent of the total time.
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x/Q for 0 to 2-Hour Period

The larger of the maximum sector X/Q value and the overall site value is used to represent the X/Q for a
0 to 2 hour time period.

Annual Average Z/Q

The annual average X/Q value is calculated in PAVAN by using a long-term continuous release model
(as opposed to a short-term release) described in RG 1.111 (Reference 3). In this model, the plume
horizontal dispersion is assumed to be evenly distributed to fill the entire width of the 22.5-degree wind
sector.

Intermediate Time Periods Z/Q

The X/Q values for intermediate time periods including 0 to 8 hours, 8 to 24 hours, 1 to 4 days, and 4 to
30 days are determined by logarithmic interpolation between the 0 to 2 hour period X/Q value and the
annual average X/Q value.

x/Q Results

The X/Q results that account for the building wake effect from the containment building are summarized
in Table 4.1.1-20 for the EAB and in Table 4.1.1-21 for the LPZ. These results are applied to most release
sources including the unit vent stack, equipment hatch, MSSVs/ARVs vent, and TDAFW exhaust vent.
These release sources are located within the close proximity of the containment building and will be
impacted by the wake effect of the containment building.

For a release from the RWST, the x/Q results with the contaimnent building wake effect are not
conservative, since the RWST is located more than 100 feet from the closest containment wall. Another
set of X/Q calculations that only accounts for the wake effect of the RWST itself, is summarized in
Table 4.1.1-22 for the EAB and in Table 4.1.1-23 for the LPZ.

x/Q Values for Use in Dose Assessment

In RG 1. 145, the X/Q value used in the dose assessment is the larger of the maximum sector X/Q value and
the overall site value. This is summarized in Table 4.1.1-24.

Two sets of x/Q values were calculated: (1) for a release from a source located close to containment
structure such as the unit vent stack, equipment hatch, MSSVs/ARVs vent, or TDAFW exhaust vent, and
(2) for a release from the RWST.

If the release source is not the RWST, the values are given in the upper half of Table 4.1.1-24. If the
release source is the RWST, the values are given in the lower half of Table 4.1.1-24. For dose calculations
that do not differentiate the release source, the RWST release source will bound all other sources. The
difference between the RWST source and other sources is the building wake effect. The RWST source has
less of a building wake effect than other potential sources.
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Table 4.1.1-25 lists the bounding X/Q values that are typically used in the dose calculations. (Not all
calculated X/Q values are used in the dose calculations. Unlisted values are typically not used in the dose
calculations.) These bounding X/Q values are associated with the RWST as the release source.

4.1.1.6 Conclusions

The resulting offsite X/Q values for use in the dose assessment are listed in Table 4.1.1-25.
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Table 4.1.1-11 Joint Frequency Distribution (in percent of total hours) for Stability Class A

Atmospheric Stability: Class A
Period of Record: January 1, 2006 to December 31, 2010
Elevation of Wind Measurement: 13.48 m
This table shows the percentage of hours of joint occurrence of wind in a certain wind direction and in a certain wind speed category.

Maximum Wind Direction
Wind Speed

(mis) N FNNE NE ENE E ESE SE SSE 5 SSW SW WSW W WNW NW NNW Total

0.34 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.75 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.005

1.00 0.002 0.000 0.005 0.002 0.000 0.000 0.000 0.000 0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.015

1.25 0.000 0.002 0.010 0.000 0.002 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0. 002) 0.022

1.50 0.000 0.002 0.002 0.002 0.002 0.010 0.005 0.007 0.002 0.002 0.010 0.005 0.002 0.005 0.002 0.002 0.065

2.00 0.020 0.025 0.012 0.007 0.020 0.007 0.015 0.030 0.005 0.007 0.012 0.017 0.005 0.015 0.007 0.005 0.212

3.00 0.070 0.075 0.105 0.082 0.082 0.050 0.050 0.107 0.057 0.035 0.045 0.042 0.080 0.057 0.047 0.062 1.048

4.00 0.080 0.102 0.152 0.120 0.127 0.142 0.147 0.314 0.195 0.075 0.090 0.055 0.095 0.070 0.067 0.090 1. 922

5.00 0.100 0.110 0.070 0.047 0.097 0.135 0.132 0.469 0.377 0.190 0.172 0.072 0.087 0.077 0.077 0.110 2.324

6.00 0.107 0.032 0.035 0.025 0.040 0.092 0.122 0.349 0.579 0.255 0.152 0.037 0.057 0.040 0.100 0.177 2.201

8.00 0.150 0.035 0.010 0.022 0.045 0.050 0.142 0.384 0.826 0.522 0.070 .0.040 0.130 0.092 0.207 0.277 3.003

10.00 0.042 0.020 0.000 0.000 0.005 0.005 0.010 0.132 0.412 0.165 0.005 0.017 0.037 0.062 0.122 0.177 1.213

44.70 0.020 0.000 0.000 0.000 0.000 0.000 0.005 0.027 0.115 0.030 0.002 0.012 0.035 0.085 0.050 0.022 0.404

Total 0.59 0.40 0.40 0.31 0.42 0.49 0.63 1.83 2.57 1.28 0.56 0.30 0.53 0.50 0.68 0.93 12.43
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Table 4.1.1-12 Joint Frequency Distribution (in percent of total hours) for Stability Class B

Atmospheric Stability: Class B
Period of Record: January 1, 2006 to December 31, 2010
Elevation of Wind Measurement: 13.48 mn
This table shows the percentage of hours of joint occurrence of wind in a certain wind direction and in a certain wind speed category.

Maximum Wind Direction
Wind Speed

(mis) N7 NNE NE ENE E ESE SE SSE 5 SSW SW WSW W WNW NW NNW Total

0.34 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.75 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002

1.00 0.000 0.002 0.000 0.000 0.002 0.000 0.000 0.000 0.002 0.002 0.000 0.002 0.002 0.000 0.000 0.000 0.015

1.25 0.002 0.000 0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.002 0.000 0.015

1.50 0.002 0.002 0.002 0.005 0.007 0.005 0.007 0.002 0.000 0.000 0.005 0.002 0.000 0.000 0.000 0.010 0.052

2.00 0.012 0.010 0.015 0.022 0.012 0.010 0.012 0.022 0.012 0.002 0.005 0.027 0.007 0.027 0.015 0.015 0.2-30

3.00 0.055 0.070 0.125 0.060 0.062 0.072 0.052 0.122 0.102 0.035 0.035 0.040 0.045 0.020 0.037 0.055 0.988

4.00 0.060 0.090 0.077 0.072 0.082 0.075 0.072 0.155 0.145 0.072 0.037 0.037 0.032 0.030 0.035 0.065 1.138

5.00 0.092 0.065 0.015 0.045 0.040 0.050 0.062 0.140 0.162 0.072 0.060 0.032 0.032 0.017 0.047 0.085 1.018

6.00 0.050 0.030 0.007 0.005 0.027 0.022 0.037 0.055 0.112 0.122 0.032 0.007 0.030 0.020 0.060 0.082 0.701

8.00 0.060 0.020 0.002 0.010 0.005 0.012 0.047 0.087 0.160 0.160 0.020 0.015 0.027 0.050 0.115 0.137 0.928

10.00 0.040 0.005 0.000 0.000 0.000 0.002 0.007 10.030 0.087 0.060 0.002 0.005 0.022 0.037 0.087 0.107 0.494

44.70 0.017 0.000 0.000 0.000 0.002 0.000 0.007 0.015 0.037 0.025 0.000 0.015 0.012 0.047 0.040 0.010 0.230

Total 0.39 0.29 0.25 0.22 0.24 0.25 0.31 0.63 0.82 0.55 0.20 0.19 0.21 0.25 0.44 0.57 5.81
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Table 4.1.1-13 Joint Frequency Distribution (in percent of total hours) for Stability Class C

Atmospheric Stability: Class C
Period of Record: January 1, 2006 to December 31, 2010
Elevation of Wind Measurement: 13.48 m
This table shows the percentage of hours of joint occurrence of wind in a certain wind direction and in a certain wind speed category.

Maximum Wind Direction
Wind Speed

(m/s) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

0.34 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.75 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002

1.00 0.002 0.002 0.000 0.002 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.002 0.000 0.000 0.002 0.000 0.015

1.25 0.007 0.007 0.000 0.002 0.002 0.002 0.002 0.012 0.005 0.000 0.000 0.002 0.005 0.002 0.005 0.002 0.060

1.50 0.002 0.010 0.010 0.002 0.010 0.005 0.015 0.010 0.005 0.002 0.000 0.007 0.007 0.015 0.010 0.002 0.115

2.00 0.010 0.020 0.030 0.012 0.030 0.027 0.020 0.037 0.022 0.020 0.010 0.020 0.012 0.017 0.007 0.007 0.305

3.00 0.047 0.100 0.085 0.070 0.097 0.070 0.085 0.187 0.100 0.042 0.040 0.040 0.032 0.045 0.037 0.050 1.128

4.00 0.100 0.075 0.075 0.117 0.080 0.062 0.050 0.145 0.167 0.080 0.052 0.045 0.060 0.035 0.075 0.067 1.285

5.00 0.100 0.047 0.017 0.050 0.050 0.045 0.035 0.072 0.152 0.102 0.027 0.022 0.022 0.032 0.045 0.077 0.899

6.00 0.097 0.015 0.015 0.012 0.040 0.045 0.067 0.082 0.082 0.130 0.025 0.007 0.020 0.032 0.067 0.105 0.844

8.00 0.090 0.032 0.000 0.012 0.022 0.015 0.035 0.095 0.135 0.170 0.017 0.025 0.025 0.060 0.105 0.140 0.978

10.00 0.055 0.002 0.000 0.000 0.005 0.002 0.012 0.035 0.070 0.080 0.012 0.010 0.007 0.050 0.095 0.067 0.504

44.70 0.005 0.000 0.000 0.000 0.002 0.000 0.002 0.010 0.040 0.015 0.002 0.002 0.010 0.022 0.037 0.012 0.162

Total 0.52 0.31 0.23 0.28 0.34 0.27 0.33 0.69 0.78 0.64 0.19 0.18 0.20 0.31 0.49 0.53 6.30
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Table 4.1.1-14 Joint Frequency Distribution (in percent of total hours) for Stability Class D

Atmospheric Stability: Class D
Period of Record: January 1, 2006 to December 31, 2010
Elevation of Wind Measurement: 13.48 m
This table shows the percentage of hours of joint occurrence of wind in a certain wind direction and in a certain wind speed category.

Maximum Wind Direction
Wind SpeedSS 

SW WW W WW N NW Toa(mis) N NNE NE ENE E ESE SE SSE 5 SSW WW W WW N N oa

0.34 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002

0.50 0.000 0.000 0.000 0.000 0.002 0.002 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.007

0.75 0.005 0.010 0.027 0.005 0.015 0.005 0.005 0.002 0.000 0.002 0.007 0.002 0.002 0.005 0.000 0.002 0.097

1.00 0.010 0.047 0.045 0.022 0.010 0.022 0.012 0.010 0.002 0.002 0.007 0.002 0.000 0.007 0.002 0.007 0.212

1.25 0.022 0.045 0.050 0.025 0.035 0.022 0.027 0.022 0.022 0.010 0.012 0.015 0.007 0.005 0.007 0.025 0.354

1.50 0.020 0.050 0.067 0.045 0.042 0.020 0.032 0.050 0.030 0.015 0.025 0.030 0.010 0.015 0.012 0.030 0.494

2.00 0.085 0.130 0.167 0.155 0.102 0.097 0.140 0.125 0.077 0.060 0.092 0.085 0.045 0.035 0.042 0.070 1.508

3.00 0.295 0.409 0.532 0.384 0.334 0.369 0.290 0.317 0.359 0.212 0.272 0.132 0.135 0.102 0.130 0.305 4.578

4.00 0.494 0.309 0.384 0.474 0.392 0.374 0.414 0.659 0.524 0.404 0.232 0.155 0.172 0.195 0.362 0.474 6.020

5.00 0.542 0.297 0.165 0.252 0.255 0.280 0.429 0.689 0.726 0.474 0.115 0.095 0.192 0.267 0.484 0.544 5.806

6.00 0.492 0.212 0.040 0.115 0.192 0.190 0.295 0.624 0.884 0.389 0.112 0.075 0.145 0.257 0.442 0.609 5.072

8.00 0.794 0.152 0.020 0.077 0.162 0.125 0.217 0.696 1.248 0.534 0.035 0.095 0.205 0.404 0.729 1.101 6.594

10.00 0.297 0.052 0.000 0.005 0.030 0.010 0.042 0.282 0.547 0.242 0.017 0.060 0.077 0.175 0.339 0.507 2.683

44.70 0.097 0.000 0.002 0.000 0.005 0.000 0.020 0.097 0.297 0.077 0.010 0.012 0.020 0.052 0.125 0.102 0.919

Total 3.15 1.72 1.50 1.56 1.58 1.52 1.92 3.57 4.72 2.42 0.94 0.76 1.01 1.52 2.68 3.78 34.35
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Table 4.1.1-15 Joint Frequency Distribution (in percent of total hours) for Stability Class E

Atmospheric Stability: Class E
Period of Record: January 1, 2006 to December 31, 2010
Elevation of Wind Measurement: 13.48 m
This table shows the percentage of hours of joint occurrence of wind in a certain wind direction and in a certain wind speed category.

Maximum Wind Direction
Wind Speed

(m/s) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

0.34 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002

0.50 0.002 0.000 0.007 0.002 0.002 0.000 0.002 0.005 0.000 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.027

0.75 0.005 0.015 0.012 0.012 0.007 0.005 0.007 0.002 0.002 0.005 0.000 0.000 0.005 0.005 0.005 0.005 0.095

1.00 0.030 0.035 0.037 0.025 0.010 0.010 0.007 0.017 0.007 0.015 0.000 0.010 0.002 0.005 0.005 0.015 0.232

1.25 0.050 0.042 0.050 0.050 0.045 0.030 0.032 0.002 0.017 0.012 0.020 0.007 0.005 0.000 0.012 0.017 0.394

1.50 0.050 0.077 0.065 0.045 0.070 0.072 0.057 0.022 0.007 0.020 0.037 0.012 0.010 0.007 0.020 0.025 0.599

2.00 0.155 0.117 0.160 0.175 0.157 0.207 0.155 0.097 0.052 0.090 0.155 0.062 0.025 0.022 0.042 0.115 1.787

3.00 0.245 0.187 0.245 0.369 0.432 0.459 0.547 0.599 0.407 0.260 0.414 0.140 0.187 0.140 0.285 0.387 5.301

4.00 0.312 0.125 0.115 0.182 0.282 0.422 0.686 1.051 0.674 0.434 0.202 0.132 0.197 0.225 0.377 0.417 5.833

5.00 0.195 0.065 0.027 0.107 0.175 0.260 0.454 1.113 0.809 0.437 0.072 0.100 0.107 0.167 0.250 0.302 4.640

6.00 0.120 0.027 0.010 0.080 0.110 0.150 0.215 0.764 0.614 0.175 0.040 0.037 0.042 0.042 0.115 0.162 2.703

8.00 0.107 0.035 0.007 0.007 0.032 0.055 0.152 0.923 0.824 0.200 0.020 0.015 0.007 0.015 0.050 0.097 2.548

10.00 0.005 0.002 0.002 0.000 0.002 0.010 0.030 0.267 0.354 0.085 0.012 0.007 0.010 0.002 0.005 0.012 0.809

44.70 0.010 0.000 0.000 0.002 0.000 0.005 0.020 0.065 0.235 0.017 0.002 0.002 0.000 0.000 0.000 0.000 0.359

Total 1.29 0.73 0.74 1.06 1.33 1.68 2.37 4.93 4.00 1.75 0.98 0.53 0.60 0.63 1.17 1.56 25.33
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Table 4.1.1-16 Joint Frequency Distribution (in percent of total hours) for Stability Class F

Atmospheric Stability: Class F
Period of Record: January 1, 2006 to December 3 1, 20 10
Elevation of Wind Measurement: 13.48 m
This table shows the percentage of hours of joint occurrence of wind in a certain wind direction and in a certain wind speed category.

Maximum Wind Direction
Wind Speed

(mis) N7 NNE NE ENE E ESE SE SSE 5 SSW SW WSW W WNW NW NNW Total

0.34 0.001 0.002 0.002 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.001 0.001 0.000 0.000 0.001 0.001 0.012

0.50 0.005 0.005 0.002 0.007 0.000~ 0.007 0.000 0.000 0.002 0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.035

0.75 0.002 0.017 0.022 0.015 0.002 0.005 0.002 0.007 0.002 0.000 0.010 0.005 0.005 0.005 0.005 0.005 0.112

1.00 0.022 0.032 0.037 0.010 0.027 0.022 0.012 0.010 0.005 0.007 0.007 0.015 0.007 0.010 0.015 0.007 0.250

1.25 0.020 0.047 0.057 0.022 0.027 0.030 0.020 0.020 0.020 0.015 0.015 0.012 0.005 0.010 0.012 0.025 0.359

1.50 0.035 0.072 0.062 0.042 0.075 0.037 0.027 0.042 0.012 0.005 0.022 0.007 0.002 0.015 0.022 0.027 0.509

2.00 0.110 0.125 0.132 0.145 0.197 0.197 0.305 0.090 0.032 0.032 0.057 0.020 0.010 0.030 0.075 0.092 1.650

3.00 0.245 0.162 0.122 0.487 0.447 0.552 0.607 0.389 0.147 0.112 0.112 0.045 0.047 0.037 0.210 0.277 3.999

4.00 0.160 0.082 0.040 0.100 0.145 0.160 0.275 0.437 0.212 0.112 0.032 0.02-7 0.032 0.020 0.132 0.167 2.134

5.00 0. 032 0.007 0.000 0.012 0.017 0.015 0.080 0.207 0.175 0.067 0.010 0.015 0.007 0.005 0.010 0.050 0.711

6.00 0.007 0.000 0.000 0.000 0.010 0.002 0.020 0.100 0.110 0.037 0.000 0.002 0.000 0.000 0.002 0.010 0.302

8.00 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.060 0.075 0.007 0.002 0.002 0.000 0.000 0.000 0.002 0.155

10.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.027 0.002 0.005 0.000 0.000 0.000 0.000 0.000 0.042

44.70 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.0 10

Total 0.64 0.55 0.48 0.84 0.95 1.03 1.35 1.37 0.83 0.40 0.28 0.15 0.12 0.13 0.48 0.66 10.28
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Table 4.1.1-17 Joint Frequency Distribution (in percent of total hours) for Stability Class G

Atmospheric Stability: Class G
Period of Record: January 1, 2006 to December 31, 2010
Elevation of Wind Measurement: 13.48 m
This table shows the percentage of hours of joint occurrence of wind in a certain wind direction and in a certain wind speed category.

Maximum Wind Direction
Wind Speed

(m/s) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

0.34 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.007

0.50 0.007 0.005 0.005 0.000 0.005 0.000 0.000 0.002 0.002 0.002 0.005 0.000 0.002 0.002 0.000 0.000 0.040

0.75 0.012 0.007 0.015 0.010 0.005 0.010 0.007 0.005 0.000 0.002 0.005 0.005 0.002 0.005 0.002 0.012 0.107

1.00 0.010 0.025 0.012 0.012 0.017 0.010 0.012 0.000 0.000 0.010 0.002 0.012 0.007 0.017 0.012 0.017 0.180

1.25 0.020 0.042 0.040 0.022 0.017 0.020 0.015 0.012 0.010 0.007 0.002 0.005 0.002 0.017 0.017 0.045 0.297

1.50 0.035 0.062 0.062 0.012 0.027 0.037 0.020 0.010 0.002 0.007 0.012 0.005 0.010 0.007 0.025 0.032 0.369

2.00 0.082 0.225 0.137 0.050 0.152 0.162 0.115 0.040 0.012 0.015 0.017 0.007 0.005 0.042 0.050 0.102 1.216

3.00 0.182 0.187 0.150 0.280 0.319 0.404 0.309 0.132 0.087 0.015 0.040 0.007 0.002 0.025 0.125 0.172 2.439

4.00 0.040 0.050 0.022 0.072 0.055 0.067 0.027 0.097 0.072 0.005 0.020 0.002 0.002 0.005 0.055 0.092 0.686

5.00 0.015 0.005 0.000 0.002 0.005 0.002 0.007 0.025 0.015 0.005 0.007 0.000 0.000 0.000 0.002 0.012 0.105

6.00 0.000 0.002 0.000 0.000 0.002 0.002 0.002 0.002 0.012 0.002 0.002 0.000 0.000 0.000 0.000 0.002 0.032

8.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.010 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.015

10.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.002

44.70 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Total 0.40 0.61 0.45 0.46 0.61 0.72 0.52 0.34 0.22 0.08 0.11 0.05 0.04 0.12 0.29 0.49 5.50
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Table 4.1.1-19 Wind Speed Occurrence Frequency

Maximum Wind Speed (m/s): 0.34 j 0.50 0.75 1.00 1.25 1.50 2.00 3.00 4.00 5.00 6.00 8.00 10.00 44.70

Wind Speed Frequency: 0.02 0.11 0.42 0.92 1.50 2.20 6.91 19.48 19.02 15.50 11.86 14.22 5.75 2.08

Total Frequency = 100
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Table 4.1.1-20 Relative Concentration (X/Q) Results at Exclusion Area Boundary for Release from Sources near Containment

Downwind Distance

Sector (meters) 0-2 hours 0-8 hours 8-24 hours 1-4 days 4-30 days Annual Average

S 1200. 1.18E-04 5.69E-05 3.95E-05 1.79E-05 5.73E-06 1.43E-06

SSW 1200. .1.38E-04 6.50E-05 4.47E-05 1.98E-05 6.18E-06 1.48E-06

SW 1200. 1.32E-04 6.25E-05 4.29E-05 1.90E-05 5.90E-06 1.41 E-06

WSW 1200. 1.27E-04 6.04E-05 4.16E-05 1.85E-05 5.81E-06 1.41E-06

W 1200. 1.32E-04 6.37E-05 4.42E-05 2.OOE-05 6.43E-06 1.60E-06

WNW 1200. 1.36E-04 6.59E-05 4.60E-05 2.1OE-05 6.84E-06 1.73E-06

NW 1200. 1.29E-04 6.36E-05 4.48E-05 2.09E-05 6.99E-06 1.83E-06

NNW 1200. 1.1OE-04 5.73E-05 4.13E-05 2.03E-05 7.35E-06 2.12E-06

N 1200. 8.77E-05 4.54E-05 3.27E-05 1.60E-05 5.75E-06 1.64E-06

NNE 1200. 6.48E-05 3.23E-05 2.28E-05 1.07E-05 3.62E-06 9.60E-07

NE 1200. 6.76E-05 3.20E-05 2.20E-05 9.80E-06 3.06E-06 7.36E-07

ENE 1200. 4.12E-05 1.95E-05 1.34E-05 5.93E-06 1.85E-06 4.43E-07

E 1200. 4.48E-05 2.07E-05 1.41E-05 6.12E-06 1.84E-06 4.25E-07

ESE 1200. 5.26E-05 2.49E-05 1.72E-05 7.63E-06 2.39E-06 5.76E-07

SE 1200. 9.86E-05 4.64E-05 3.19E-05 1.41E-05 4.35E-06 1.04E-06

SSE 1200. 1.26E-04 6.09E-05 4.23E-05 1.91E-05 6.13E-06 1.52E-06

Maximum sector x/Q 1.38E-04

Overall site X/Q 1.31 E-04 6.64E-05 4.72E-05 2.25E-05 7.77E-06 2.12E-06
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Table 4.1.1-21 Relative Concentration (x/Q) Results at Low Population Zone for Release from Sources near Containment

Downwind Distance

Sector (meters) 0-2 hours 0-8 hours 8-24 hours 1-4 days 4-30 days Annual Average

S 4023. 3.49E-05 1.53E-05 1.01E-05 4.14E-06 1.15E-06 2.38E-07

SSW 4023. 4.50E-05 1.90E-05 1.24E-05 4.87E-06 1.28E-06 2.48E-07

SW 4023. 4.21E-05 1.79E-05 1.17E-05 4.60E-06 1.21E-06 2.36E-07

WSW 4023. 3.89E-05 1.68E-05 1.1OE-05 4.42E-06 1.19E-06 2.40E-07

W 4023. 4.26E-05 1.85E-05 1.22E-05 4.92E-06 1.34E-06 2.72E-07

WNW 4023. 4.33E-05 1.90E-05 1.26E-05 5.15E-06 1.43E-06 2.97E-07

NW 4023. 4.1OE-05 1.83E-05 1.23E-05 5.12E-06 1.46E-06 3.16E-07

NNW 4023. 3.06E-05 1.47E-05 1.02E-05 4.58E-06 1.46E-06 3.60E-07

N 4023. 2.20E-05 1.07E-05 7.41E-06 3.37E-06 1.09E-06 2.72E-07

NNE 4023. 1.58E-05 7.37E-06 5.04E-06 2.21 E-06 6.76E-07 1.59E-07

NE 4023. 1.67E-05 7.43E-06 4.95E-06 2.06E-06 5.84E-07 1.25E-07

ENE 4023. 9.61E-06 4.29E-06 2.87E-06 1.19E-06 3.40E-07 7.30E-08

E 4023. 9.32E-06 4.15E-06 2.77E-06 1.15E-06 3.26E-07 6.96E-08

ESE 4023. 1.11E-05 5.03E-06 3.39E-06 1.44E-06 4.22E-07 9.38E-08

SE 4023. 2.67E-05 1.16E-05 7.64E-06 3.09E-06 8.44E-07 1.72E-07

SSE 4023. 3.88E-05 1.69E-05 1.11E-05 4.51E-06 1.23E-06 2.53E-07

Maximum sector X/Q 4.50E-05

Site Limit 4.19E-05 1.91E-05 1.29E-05 5.49E-06 1.61E-06 3.60E-07
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Table 4.1.1-22 Relative Concentration (x/Q) Results at Exclusion Area Boundary for Release from RWST

Downwind Distance

Sector (meters) 0-2 hours 0-8 hours 8-24 hours 1-4 days 4-30 days Annual Average

S 1200. 1.22E-04 5.86E-05 4.05E-05 1.82E-05 5.80E-06 1.43E-06

SSW 1200. 1.40E-04 6.58E-05 4.52E-05 2.00E-05 6.21E-06 1.48E-06

SW 1200. 1.34E-04 6.30E-05 4.32E-05 1.91 E-05 5.92E-06 1.41E-06

WSW 1200. 1.28E-04 6.06E-05 4.17E-05 1.86E-05 5.82E-06 1.41E-06

W 1200. 1.34E-04 6.45E-05 4.47E-05 2.02E-05 6.46E-06 1.60E-06

WNW 1200. 1.37E-04 6.67E-05 4.64E-05 2.12E-05 6.87E-06 1.73E-06

NW 1200. 1.30E-04 6.42E-05 4.51E-05 2.10E-05 7.01E-06 1.83E-06

NNW 1200. 1.17E-04 6.02E-05 4.32E-05 2.1OE-05 7.49E-06 2.12E-06

N 1200. 9.90E-05 5.03E-05 3.58E-05 1.72E-05 5.97E-06 1.64E-06

NNE 1200. 7.60E-05 3.69E-05 2.57E-05 1.17E-05 3.81 E-06 9.60E-07

NE 1200. 6.84E-05 3.23E-05 2.22E-05 9.86E-06 3.07E-06 7.36E-07

ENE 1200. 4.67E-05 2.16E-05 1.47E-05 6.38E-06 1.92E-06 4.43E-07

E 1200. 4.50E-05 2.08E-05 1.42E-05 6.14E-06 1.85E-06 4.25E-07

ESE 1200. 5.28E-05 2.50E-05 1.72E-05 7.66E-06 2.39E-06 5.76E-07

SE 1200. 1.00E-04 4.71E-05 3.23E-05 1.42E-05 4.37E-06 1.04E-06

SSE 1200. 1.28E-04 6.15E-05 4.27E-05 1.93E-05 6.15E-06 1.52E-06

Maximum sector x/Q 1.40E-04

Overall site x/Q 1.35E-04 6.77E-05 4.80E-05 2.28E-05 7.83E-06 2.12E-06
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Table 4.1.1-23 Relative Concentration (x/Q) Results at Low Population Zone for Release from RWST

Downwind Distance

Sector (meters) 0-2 hours 0-8 hours 8-24 hours 1-4 days 4-30 days Annual Average

S 4023. 3.50E-05 1.53E-05 1.01E-05 4.14E-06 1.15E-06 2.38E-07

SSW 4023. 4.50E-05 1.90E-05 1.24E-05 4.87E-06 1.28E-06 2.48E-07

SW 4023. 4.21E-05 1.79E-05 1.17E-05 4.60E-06 1.21E-06 2.36E-07

WSW 4023. 3.89E-05 1.68E-05 1.1OE-05 4.42E-06 1.19E-06 2.40E-07

W 4023. 4.26E-05 1.85E-05 1.22E-05 4.92E-06 1.34E-06 2.72E-07

WNW 4023. 4.33E-05 1.90E-05 1.26E-05 5.15E-06 1.43E-06 2.97E-07

NW 4023. 4.1OE-05 1.83E-05 1.23E-05 5.12E-06 1.46E-06 3.16E-07

NNW 4023. 3.17E-05 1.51E-05 1.04E-05 4.68E-06 1.48E-06 3.60E-07

N 4023. 2.24E-05 1.08E-05 7.50E-06 3.40E-06 1.09E-06 2.72E-07

NNE 4023. 1.58E-05 7.37E-06 5.04E-06 2.2 1E-06 6.76E-07 1.59E-07

NE 4023. 1.67E-05 7.43E-06 4.95E-06 2.06E-06 5.84E-07 1.25E-07

ENE 4023. 9.61E-06 4.29E-06 2.87E-06 1.19E-06 3.40E-07 7.30E-08

E 4023. 9.32E-06 4.15E-06 2.77E-06 1.15E-06 3.26E-07 6.96E-08

ESE 4023. 1.11 E-05 5.03E-06 3.39E-06 1.44E-06 4.22E-07 9.38E-08

SE 4023. 2.67E-05 1.16E-05 7.64E-06 3.09E-06 8.44E-07 1.72E-07

SSE 4023. 3.88E-05 1.69E-05 1.11E-05 4.51E-06 1.23E-06 2.53E-07

Maximum sector x/Q 4.50E-05

Overall site X/Q 4.19E-05 1.91E-05 1.29E-05 5.49E-06 1.61E-06 3.60E-07
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Table 4.1.1-24 X/Q Values for Dose Assessment

x/Q values (s/m3)
For release from sources located close to contaimnent structure, such as unit vent stack,

Downwind Location equipment hatch, MSSVs/ARVs vent, or TDAFW exhaust vent

Name Distance (meters) 0-2 hours 0-8 hours 8-24 hours 1-4 days 4-30 days

EAB 1200 1.38E-4 6.64E-5 4.72E-5 2.25E-5 7.77E-6

LPZ 4023 4.50E-5 1.91E-5 1.29E-5 5.49E-6 1.61E-6

X/Q values (s/m 3)
For release from RWST

EAB 1200 1.40E-4 6.77E-5 4.80E-5 2.28E-5 7.83E-6

LPZ 4023 4.50E-5 1.91E-5 1.29E-5 5.49E-6 1.61E-6
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Table 4.1.1-25 Bounding x/Q Values for Dose Assessment

X/Q values (s/m3)
Bounding values for release from any one of the following sources: unit vent stack,

equipment hatch, MSSVs/ARVs vent, TDAFW exhaust vent, or RWST

Location 0-2 hours 2-8 hourst l 0-8 hours 8-24 hours 1-4 days 4-30 days

EAB(2) 1.40E-4

LPZ"3 ' 4.50E-5 2.39E-5 1.91 E-5 1.29E-5 5.49E-6 1.61 E-6

Notes:
I. This value was not calculated by PAVAN. It was obtained by logarithmic interpolation between the 2-hour average value

(X/Q)2hr and the annual average value (X/Q)iy.
2. Defined as 1200 m distance.
3. Defined as 4023 m distance.
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4.1.2 Atmospheric Dispersion Factors - Control Room and Technical Support Center

4.1.2.1 Introduction

Atmospheric dispersion factors (X/Q, sec/m 3) were determined for the air intake of the control room and
the technical support center (TSC) from the following sources for the WCGS: (1) equipment hatch,
(2) unit vent stack, (3) MSSVs/ARVs vent, (4) RWST vent, and (5) TD AFW exhaust vent. The
calculation was performed with the ARCON96 code (Reference 1).

ARCON96 utilizes an NRC accepted methodology for determining atmospheric dispersion factors X/Q in
the design basis evaluations of control room radiological analyses (Reference 2). ARCON96 is a
computer program for calculating atmospheric relative concentrations in plumes in building wakes under
a wide range of situations. ARCON96 implements a straight line Gaussian dispersion model with
dispersion coefficients that are modified to account for low wind meander and building wake effects.
Hourly, normalized concentrations (X/Q) are calculated from hourly meteorological data. The hourly
values are averaged to form x/Qs for periods ranging from 2 to 720 hours in duration. The calculated
values for each period are used to form cumulative frequency distributions and 95th percentile X/Q values.

All release sources were treated as point source, ground level releases in the calculation. The input
parameters to the ARCON96 code were prepared consistent with the guidance on the use of ARCON96,
as discussed in RG 1.194 (Reference 2).

4.1.2.2 Input Data and Parameters

Five years (2006 through 2010) of WCGS site-specific meteorological data were used in the calculation.
These data include hourly observations of wind speed, wind direction, and a measure of atmospheric
stability. A 15-minute average, for each of the monitoring system's parameters, was used for each hour of
data. Values outside of reasonable ranges were removed from the data set and were annotated for future
reference and processing. Since redundant instruments are used, if the data from the primary instrument
was reporting bad data, the data from the secondary instrument was used instead.

The NRC requires a minimum of data for 1 complete year and considers 5 years (43,824 hours) of hourly
data to be representative of long-term trends at most sites. The actual number of valid data hours used in
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the calculation was 40,065. The total number of invalid data hours was 3759. The data recovery for the
5-year period met the 90% recovery criterion. There was only one large gap in recorded data. The missing
data occurred when the meteorological data logger failed and had to be replaced. Due to this issue, there
is no meteorological data from May 30 2007 to June 7 2007. The lower measurement height was 13.47 m
above grade, and the upper measurement was 63.47 m.

For the ARCON96 input file, the format discussed in RG 1.194 was followed. The wind speed was
entered in units of meters per second, the wind direction was entered in units of degrees with 3600
corresponding to a wind from the north, and the stability class, as a function of temperature difference,
was entered. Bad data was indicated by entering all 9s in the parameter fields.

A number of plant-specific geometric parameters were calculated for individual source-receptor pairs.
These parameters are: (1) release height, (2) distance to receptor, and (3) direction to source. The values
recommended by RG 1.194 are used for the dispersion model parameters required by the ARCON96
code.

The complete sets of input parameters for individual cases are summarized in Table 4.1.2-1 for the control
room and Table 4.1.2-2 for the TSC.

Table 4.1.2-1 Input Parameters for Control Room Vent Intake

From From
From From MSSVs/ From Turbine-

Equipment Unit Vent ARVs RWST Driven AFW
Input Parameter Hatch Stack Vent Vent Exhaust Vent

Meteorological data Determined from data collected: 2006 to 2010

Height of lower wind speed 13.47 in
instrument

Height of upper wind speed 63.47 ni
instrument

Release type Ground

Release height 17.37 m 66.25 m 34.29 m 17.39 m 13.87 m

Building area perpendicular to wind 2649 in2  170.94 m2  2649 m2

direction

Effluent vertical velocity 0 m/sec

Vent or stack flow 0 m3/sec

Vent or stack radius 0 m

Direction to source 1150 1110 90° 1530 89°

Wind direction sector width 90°

Distance to control room air intake 113.17 m 79.01 in 75.66 in 101.71 in 111.95 in
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Table 4.1.2-1 Input Parameters for Control Room Vent Intake
(cont.)

From From
From From MSSVs/ From Turbine-

Equipment Unit Vent ARVs RWST Driven AFW
Input Parameter Hatch Stack Vent Vent Exhaust Vent

Control room air intake height 6.10 m

Terrain elevation difference 0 m

Minimum wind speed 0.5 m/sec

Surface roughness length 0.2 m

Sector averaging constant 4.3

Initial values of sigma y and sigma z 0, 0, respectively

Table 4.1.2-2 Input Parameters for TSC Vent Intake

From
From From From From Turbine-

Equipment Unit Vent MSSVs/A RWST Driven AFW
Input Parameter Hatch Stack RVs Vent Vent Exhaust Vent

Meteorological data Determined from data collected: 2006 to 2010

Height of lower wind speed 13.47 m
instrument

Height-of upper wind speed 63.47 m
instrument

Release type Ground

Release height 17.37 m 66.25 m 35.71 m 17.39 m 13.87 rn

Building area perpendicular to wind 2649 m2  2649 m2  2649 m-2

direction

Effluent vertical velocity 0 m/sec

Vent or stack flow 0 m3/sec

Vent or stack radius 0 m

Direction to source 2220 2320 2430 2220 2410

Wind direction sector width 90*

Distance to TSC air intake 124.28 m 129.29 m 108.26 m 187.33 m 106.67 m

TSC air intake height 2.84 m

Terrain elevation difference 0 m

Minimum wind speed 0.5 in/sec

Surface roughness length 0.2 m

Sector averaging constant 4.3

Initial values of sigma y and sigma z 0, 0, respectively
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4.1.2.3 Assumptions and Acceptance Criteria

Assumptions

1. Ground level release is assumed for all cases.

2. The source type for all cases is assumed to be a point source.

3. The shortest source-to-receptor distances are determined from the closest point on the perimeter
of the source to the closest point on the perimeter of the receptor for all cases. In the case of the
unit vent stack, one comer of the rectangular-shaped unit vent stack is assumed to point in the
direction of the control room air intake to yield a conservatively short distance from the unit vent
stack to the control room air intake. Similarly, it is also assumed that another comer of the unit
vent stack points in the direction of the TSC air intake to yield a conservatively short distance
from the unit vent stack to the TSC air intake.

4. Paths that traverse the perimeter of the reactor building cylinder conservatively ignore the
buttresses.

5. The MSSV and ARV vents are treated as a single point source. The closest vent is chosen to
represent the source for the purposes of calculating the distance to the receiver location. Because
the MSSV and ARV vents have different discharge elevations, this results in different release
heights being used for the control room and TSC calculations.

6. For the control room calculation, it is assumed that the MSSV/ARV release point exists at a
distance west of the reactor building centerline equal to the most westward point that exists at the
exit of the MSSV vents. The release point is further assumed to be the same distance north of the
reactor building centerline as the receiver location. This yields a conservatively short distance
between the MSSV/ARV release point and the control room air intake.

Acceptance Criteria

The acceptance criteria for determining control room x/Q values are that the calculation is performed
consistent with the methodology and guidelines of RG 1.194. Since the x/Q values are used as input to the
downstream analyses, there are no numerical acceptance criteria for X/Q values.

4.1.2.4 Results and Conclusions

The results for all source-receptor pairs of the 95th percentile x/Q values averaged over periods of 0 to
2 hours, 2 to 8 hours, 8 to 24 hours, I to 4 days, and 4 to 30 days are summarized in Table 4.1.2-3 for the
control room and in Table 4.1.2-4 for the TSC.
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Table 4.1.2-3 Calculated Z/Q Values for the Control Room

Equipment Hatch to Control Room Air Intake

0 to 2 hours 5.3 1E-04

2 to 8 hours 4.22E-04

8 to 24 hours 1.72E-04

I to 4 days 1.22E-04

4 to 30 days 9.91E-05

Unit Vent Stack to Control Room Air Intake

0 to 2 hours 4.4 1E-04

2 to 8 hours 3.21E-04

8 to 24 hours 1.35E-04

I to 4 days 8.66E-05

4 to 30 days 7.70E-05

MSSVs/ARVs to Control Room Air Intake

0 to 2 hours 9.24E-04

2 to 8 hours 6.89E-04

8 to 24 hours 2.94E-04

I to 4 days 1.88E-04

4 to 30 days 1.56E-04

RWST Vent to Control Room Air Intake

0 to 2 hours 6.77E-04

2 to 8 hours 5.96E-04

8 to 24 hours 2.42E-04

1 to 4 days 2.04E-04

4 to 30 days 1.59E-04

TDAFW Exhaust to Control Room Air Intake

0 to 2 hours 5.15E-04

2 to 8 hours 4.08E-04

8 to 24 hours 1.75E-04

1 to 4 days 1.1OE-04

4 to 30 days 8.93E-05
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Table 4.1.2-4 Calculated x/Q Values for the TSC

Equipment Hatch to TSC Air Intake

0 to 2 hours 3.9 1E-04

2 to 8 hours 2.66E-04

8 to 24 hours 9.62E-05

1 to 4 days 7.05E-05

4 to 30 days 5.52E-05

Unit Vent Stack to TSC Air Intake

0 to 2 hours 2.80E-04

2 to 8 hours 1.80E-04

8 to 24 hours 6.44E-05

I to 4 days 4.42E-05

4 to 30 days 3.22E-05

MSSVs/ARVs to TSC Air Intake

0 to 2 hours 4.14E-04

2 to 8 hours 2.08E-04

8 to 24 hours 8.22E-05

I to 4 days 5.21E-05

4 to 30 days 4.09E-05

RWST Vent to TSC Air Intake

0 to 2 hours 1.87E-04

2 to 8 hours 1.25E-04

8 to 24 hours 4.5 1E-05
1 to 4 days 3.33E-05

4 to 30 days 2.6 1E-05

TDAFW Exhaust to TSC Air Intake

0 to 2 hours 4.83E-04

2 to 8 hours 2.58E-04

8 to 24 hours 9.63E-05

I to 4 days 6.45E-05

4 to 30 days 4.89E-05
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4.2 ACCIDENT SOURCE TERMS

The inventory of radionuclides in the reactor core available for release into containment is based on a core
thermal power of 3637 MWt (102 percent of rated thermal power). An additional fuel management
multiplier is applied to the calculated core activity to account for anticipated variations in fuel cycle
design. A list of the radionuclides used in the AST analysis is presented in Table 4.2-1. Using similar
assumptions, reactor coolant system specific activity, volume control tank (VCT) liquid and vapor phase
specific activity, gas decay tank activity, and liquid waste tank activity were calculated and are presented
in Tables 4.2-2 through 4.2-5.

The source term information for use in the radiological consequence analyses was generated using the
ORIGEN-S and FIPCO-V computer codes. The ORIGEN-S code is a versatile point depletion and
radioactive decay computer code for use in simulating nuclear fuel cycles and calculating the nuclide
compositions and characteristics of materials contained therein. The ORIGEN-S code is an industry
standard code that incorporates data from modem evaluated nuclear data files.

The FIPCO-V computer code calculates the buildup of fission product activities in plant systems and
components, including the reactor coolant system, chemical and volume control system demineralizer
resins, VCT liquid and vapor phases, and waste gas decay tank (WGDT). The time-dependent inventory
of the core fission products calculated by ORIGEN-S is used as input to the FIPCO-V evaluations. When
calculating the radionuclide inventory in the VCT, no purging is assumed through the cycle. The activities
for the WGDT are calculated assuming a maximum RCS letdown rate to degas the RCS by repeated
purges of the VCT at end of cycle. The fuel management multiplier is applied to all results calculated by
FIPCO-V.

The hypothetical liquid waste tank inventory is based on a series of hand calculations and is intended to
bound the inventory of several smaller waste tanks (such as the recycle holdup tank, waste holdup tank,
and floor drain tank).
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Table 4.2-1 Core Inventory used in the AST Analysis

Core Inventory with Fuel Management Multiplier

Nuclide Activity [Cil Nuclide Activity [Ci]

Noble Gases Barium and Strontium

Kr-85 1.1OE+06 Sr-89 9.98E+07

Kr-85m 2.69E+07 Sr-90 8.5 1E+06
Kr-87 5.30E+07 Sr-91 1.25E+08

Kr-88 7.12E+07 Sr-92 1.33E+08

Xe- 131 rn 1.05E+06 Ba- 139 1.87E+08

Xe-133 2.01E+08 Ba- 140 1.79E+08

Xe-133m 6.06E+06 Noble Metals

Xe- 134m 3.OOE+06 Tc-99m 1.69E+08

Xe-135 4.06E+07 Mc-99 1.91E+08

Xe- 135m 4.39E+07 Ru- 103 1.56E+08

Xe-138 1.80E+08 Ru- 105 1.08E+08

Halogens Rh- 105 1.00E+08
Br-83 1.24E+07 Ru- 106 4.79E+07

Br-84 2.26E+07 Lanthanides

Br-85 2.68E+07 Y-90 8.88E+06

1-129 2.57E+00 Y-91 1.30E+08

1-130 1.98E+06 Y-92 1.35E+08

1-131 1.01E+08 Y-93 1.52E+08

1-132 1.49E+08 Zr-95 1.74E+08

1-133 2.1OE+08 Nb-95 1.76E+08

1-134 2.36E+08 Zr-97 1.75E+08

1-135 2.OOE+08 La- 140 1.85E+08

Alkali Metals La- 141 1.69E+08

Rb-86 1.86E+05 La- 142 1.64E+08

Rb-88 7.24E+07 Pr- 143 1.55E+08

Cs- 134 1.65E+07 Nd- 147 6.57E+07

Cs-136 3.95E+06 Am-241 9.94E+03

Cs-137 1.11E+07 Cm-242 2.82E+06

Cs-138 1.96E+08 Cm-244 2.11 E+05

Tellurium Cerium
Te-127 9.09E+06 Ce- 141 1.69E+08

Te-127m 1.49E+06 Ce- 143 1.59E+08

Te- 129 2.66E+07 Ce- 144 1.30E+08

Te- 129m 5.04E+06 Pu-238 2.1OE+05

Te-131 m 1.99E+07 Pu-239 2.70E+04
Te-132 1.45E+08 Pu-240 4.20E+04

Sb- 127 9.23E+06 Pu-241 1.06E+07

Sb- 129 2.85E+07 Np-239 1.94E+09
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Table 4.2-2 Reactor Coolant System Specific Activity

Reactor Coolant System Specific Activity

Nuclide S.A. [ItCi/gj Nuclide S.A. [ltCi/gj

Br-83 9.86E-02 Sr-89 4.04E-03

Br-84 4.88E-02 SR-90 2.59E-04

Br-85 5.75E-03 Y-90 7.34E-05

1-127 [g] 1.24E-10 Y-91 m 3.01E-03

1-129 7.17E-08 Sr-91 5.60E-03

1-130 4.65E-02 Y-91 5.64E-04

1-132 3.39E+00 Sr-92 1.31E-03

1-134 7.30E-01 Y-92 1.13E-03

Kr-83m 4.62E-01 Y-93 3.82E-04

Kr-85m 1.83E+00 Zr-95 7.02E-04

Kr-85 1.00E+01 Nb-95 7.03E-04

Kr-87 1. 19E+00 Mo-99 8.94E-01

Kr-88 3.29E+00 Tc-99m 8.22E-01

Kr-89 9.30E-02 Ru- 103 7.43E-04

1-131 3.28E+00 Rh-103m 7.44E-04

Xe-131m 3.74E+00 Ru- 106 3.25E-04

Xe-133m 5.54E+00 Ag-I 10m 3.34E-03

1-133 5.04E+00 Te-125m 6.03E-04

Xe-133 3.08E+02 Te- 127m 4.49E-03

Xe-135m 6.15E-01 Te-127 1.52E-02

1-135 2.85E+00 Te- 129m 1.46E-02

Xe-135 8.12E+00 Te- 129 1.63E-02

Xe-137 2.18E-01 Te-131m 4.18E-02

Xe-138 7.59E-01 Te-131 1.63E-02

Rb-86 4.33E-02 Te-132 3.43E-01

Rb-88 4.08E+00 Te- 134 3.5 1E-02

Rb-89 1.89E-01 Ba-140 4.55E-03

Cs-134 4.82E+00 La-140 1.53E-03

Cs- 136 4.35E+00 Ce-141 6.94E-04

Cs-137 2.68E+00 Ce-143 5.46E-04

Cs-138 1.16E+00 Pr- 143 6.46E-04

Ce- 144 5.37E-04
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Table 4.2-3 Volume Control Tank Liquid and Vapor Phase Specific Activity

Volume Control Tank Specific Activity

Nuclide Liquid [jiCi/g] Vapor [FtCi/ccj Nuclide Liquid [FtCi/gJ Vapor IptCi/ccI

Br-83 9.86E-03 Sr-89 4.04E-04

Br-84 4.88E-03 SR-90 2.59E-05

Br-85 5.75E-04 Y-90 7.34E-05

1-127 [g] 1.24E- 11 Y-91 m 3.01E-03

1-129 7.17E-09 Sr-91 5.60E-04

1-130 4.65E-03 Y-91 5.64E-04

1-131 3.28E-01 Sr-92 1.31E-04

1-132 3.39E-01 Y-92 1.13E-03

1-133 5.04E-01 Y-93 3.82E-04

1-134 7.30E-02 Zr-95 7.02E-04

1-135 2.85E-01 Nb-95 7.031E-04

Kr-83m 1.1OE-01 2.83E+00 Mo-99 8.94E-01

Kr-85m 7.92E-01 1.65E+01 Tc-99m 8.22E-01

Kr-85 1.00E+01 1.35E+01 Ru- 103 7.43E-04

Kr-87 2.13E-01 4.42E+00 Rh-103m 7.44E-04

Kr-88 1.08E+00 2.24E+01 Ru- 106 3.25E-04

Kr-89 8.33E-04 1.73E-02 Ag- I0i 3.34E-03

Xe-131m 3.69E+00 5.15E+01 Te-125m 6.03E-04

Xe-133m 5.16E+00 7.52E+01 Te- 127m 4.49E-03

Xe-133 2.98E+02 4.16E+03 Te-127 1.52E-02

Xe-135m 3.73E-02 8.79E+00 Te- 129m 1.46E-02

Xe-135 5.68E+00 9.77E+01 Te- 129 1.63E-02

Xe-137 3.46E-03 4.85E-02 Te-131m 4.18E-02

Xe-138 4.26E-02 5.98E-01 Te- 131 1.63E-02

Rb-86 4.33E-02 Te-132 3.43E-01

Rb-88 4.08E+00 Te- 134 3.51E-02

Rb-89 1.89E-01 Ba- 140 4.55E-04

Cs- 134 4.82E+00 La- 140 1.53E-03

Cs- 136 4.35E+00 Ce- 141 6.94E-04

Cs-137 2.68E+00 Ce- 143 5.46E-04

Cs-138 1.16E+00 Pr- 143 6.46E-04

Ce- 144 5.37E-04
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Table 4.2-4 Waste Gas Decay Tank Activity

Waste Gas Decay Tank Inventory

Nuclide Activity [CiJ

Kr-83m 1.92E+01

Kr-85 5.52E+03

Kr-85m 1.49E+02

Kr-87 3.OOE+01

Kr-88 1.79E+02

Kr-89 1.1 8E-0 1

Xe-131m 1.07E+03

Xe- 133 8.12E+04

Xe-133m 1.27E+03

Xe- 135 1.02E+03

Xe-135m 5.97E+01

Xe- 137 3.30E-01

Xe- 138 4.06E+00

1-131 3.99E-02

1-132 2.30E-02

1-133 4.28E-02

1-134 4.96E-03

1-135 1.94E-02

Table 4.2-5 Liquid Waste Tank Activity

Hypothetical Liquid Waste Tank Inventory

Nuclide Activity [Ci]

Br-83 2.28E-04

Br-84 5.55E-06

Br-85 5.32E-09

1-130 2.75E-03

1-131 2.75E+0 1

1-132 7.10E-03

1-133 8.07E-0 1

1-134 2.26E-04

1-135 4.88E-02
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4.3 DOSE ANALYSES

4.3.1 Introduction

The licensing basis for the radiological consequences analyses for Chapter 15 of the Wolf Creek USAR is
currently based on methodologies and assumptions that are derived from TID- 14844 (Reference 1) and
other early guidance, including a series of RGs and SRP chapters. That guidance was developed to be
consistent with the release fractions and timing from the TID-14844 source term and the whole body and
thyroid dose limits stated in 10 CFR 100.11.

RG 1.183 (Reference 2) provides guidance on application of ASTs in revising the accident source terms
used in design basis radiological consequences analyses, as allowed by 10 CFR 50.67. The AST
methodology as established in RG 1.183 is being used to calculate the offsite, control room, and TSC
radiological consequences for WCGS to support the accident analysis methods transition. The following
accidents are analyzed:

* Main steamline break (MSLB)
* Loss of non-emergency AC power (LOAC)
* Locked rotor
* Rod ejection
0 Letdown line break
0 Steam generator tube rupture (SGTR)
0 Loss-of-coolant accident (LOCA)
* Waste gas decay tank failure
* Liquid waste tank failure
* Fuel handling accident (FHA)

Each accident and the specific input assumptions are described in detail in the following sections.

The analyses are performed using Version 3.03 of the RADTRAD computer code. RADTRAD is
described in NUREG/CR-6604 (Reference 3) and its supplements (References 4 and 5). The RADTRAD
code uses a combination of tables and/or numerical models of source term reduction phenomena to
determine the time-dependent dose at user-specified locations for a given accident scenario. The code
system also applies the inventory, decay chain, and dose conversion factor tables needed for the dose
calculation. The RADTRAD code can be used to assess occupational radiation exposures, typically in the
control room, to estimate offsite doses, and to estimate dose attenuation due to modification of a facility
or accident sequence. The calculation models in RADTRAD are consistent with those outlined in
RG 1.183.

4.3.2 Common Analysis Inputs and Assumptions

The inputs and assumptions in this section are common to all of the analyses discussed in Section 4.3
of this Enclosure. The accident-specific inputs and assumptions are discussed in Sections 4.3.3
through 4.3.12.
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The total effective dose equivalent (TEDE) doses were determined at the EAB for the worst 2-hour
interval, unless an exception is noted for the specific accident being analyzed. The TEDE doses at the
LPZ are determined for the duration of activity release and doses to the control room personnel are
determined for the duration of the event. The interval for determining control room doses may extend
beyond the time when the releases are terminated. This accounts for the additional dose to the operators in
the control room, which will continue for 30 days, consistent with RG 1.183.

The TEDE dose is equivalent to the committed effective dose equivalent (CEDE) from inhalation plus the
deep dose equivalent (DDE) from external exposure. Effective dose equivalent (EDE) is used in lieu of
DDE in determining the contribution of external dose to the TEDE, consistent with RG 1.183 guidance.
The dose conversion factors (DCFs) used in determining the CEDE dose are from Table 2.1 of Federal
Guidance Report (FGR) No. 11 (Reference 6) and the DCFs used in determining the EDE dose are from
Table III. 1 of FGR No. 12 (Reference 7). The DCFs are listed in Table 4.3-3a. For comparison to the AST
parameters, the DCFs for current licensing basis (CLB) analyses are listed in Tables 4.3-3b for waste gas
decay tank rupture and fuel handling accident and 4.3-3c for LOCA.

The breathing rates used in the offsite dose calculations are provided in Table 4.3-4a and the atmospheric
dispersion factors are presented in Section 4.1.1 of this Enclosure. For comparison to the AST parameters,
the breathing rates for CLB analyses are listed in Table 4.3-4b.

No credit is taken for the radioactive decay during release and transport or for cloud depletion by ground
deposition during transport to the control room, EAB, or outer boundary of the LPZ.

The reactor coolant activity is based on operation with 1 percent fuel defects. The core and coolant
activities are based on a core power of 3637 MWt, which is the nominal core power of 3565 MWt plus a
2 percent calorimetric uncertainty. The core activity at shutdown and coolant activities present in the
primary and secondary systems during normal plant operation are listed in Table 4.3-1a. For comparison
to the AST parameters, the core activities and coolant activities for CLB analyses are listed in
Tables 4.3-1b, 4.3-1c (for SGTR) and 4.3-4c (for FHA).

4.3.2.1 Control Room Model

Parameters modeled in the control room personnel dose calculations are provided in Table 4.3-5. A listing
of the CLB parameters is included in Table 4.3-5 for comparison to the AST parameters. Control room
modeling with respect to compartments and flow configurations is consistent with that described in Wolf
Creek USAR Section 15A.3.

At the start of all the events considered, the control room ventilation system is in normal mode. In this
mode, unfiltered air from the environment enters the control building and control room. Receipt of a
safety injection (SI) actuation signal or a high radiation signal from the control room air intake monitors
will isolate the control room and initiate the emergency mode of operation, including a delay.

After emergency mode is initiated, outside air is brought into the control building through safety grade
filters. Makeup air is brought into the control room via both trains of the control room filtration system,
which draws in air from the control building. Unfiltered air also leaks into the control building and control
room via assumed inleakage rates. In addition, a filtered recirculation flow is modeled for the control
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room during emergency mode operation. Air in the control room and control building is discharged at
flow rates to match the total inflow to the compartments.

The control room ventilation isolation signal starts both trains of the control room filtration system.
However, a failure of one of the filtration fans is assumed at the start of emergency mode and a larger
unfiltered inflow to the control room is assumed since only half of the makeup flow to the control room
can pass through a filter. After a defined time of 90 minutes, operator action isolates the failed train and
reduces the unfiltered inflow to the control, and consequently lowers the filtered inflow to the control
building.

The unfiltered inleakages to the control room and control building that are assumed in each of the events
discussed in Sections 4.3.3 through 4.3.12 of this Enclosure are 50 cfm and 400 cfm, respectively, as
identified in Table 4.3-5. The analysis of these events demonstrates that the applicable regulatory control
room dose limit is met.

4.3.2.2 Technical Support Center Model

Parameters modeled in the TSC personnel dose calculations are provided in Table 4.3-16. A listing of the
CLB parameters is included in Table 4.3-16 for comparison to the AST parameters.

At the start of all the events considered, the TSC ventilation system is in normal mode. In this mode,
unfiltered air from the environment enters the TSC. After emergency mode is manually initiated, outside
makeup air is brought into the TSC through safety grade filters. Unfiltered air also leaks into the TSC via
an assumed inleakage rate. In addition, a filtered recirculation flow is modeled during emergency mode
operation. Air is discharged at a flow rate to match the total inflow to the compartment.

4.3.2.3 References

1. United States Atomic Energy Commission TID-14844, "Calculation of Distance Factors for
Power and Test Reactor Sites," March 1962.

2. NRC, Regulatory Guide 1.183, Revision 0, "Alternative Radiological Source Terms for
Evaluating Design Basis Accidents at Nuclear Power Reactors," July 2000.

3. NUREG/CR-6604, "RADTRAD: A Simplified Model for RADionuclide Transport and Removal
and Dose Estimation," December 1997.

4. NUREG/CR-6604, Supplement 1, "RADTRAD: A Simplified Model for RADionuclide Transport

and Removal and Dose Estimation," June 1999.

5. NUREG/CR-6604, Supplement 2, "RADTRAD: A Simplified Model for RADionuclide Transport
and Removal and Dose Estimation," October 2002.
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6. Environmental Protection Agency Federal Guidance Report No. 11, "Limiting Values of
Radionuclide Intake and Air Concentration and Dose Conversion Factors for Inhalation,
Submersion, and Ingestion," EPA-520/1-88-020, September 1988.

7. Environmental Protection Agency Federal Guidance Report No. 12, "External Exposure to
Radionuclides in Air, Water, and Soil," EPA-402-R-93-081, September 1993.

4.3.3 Main Steamline Break (USAR Chapter 15.1.5.3)

4.3.3.1 Introduction

The complete severance of a main steamline outside containment is assumed to occur. The affected steam
generator (SG) will rapidly depressurize and release radionuclides initially contained in the secondary
coolant to the outside atmosphere. Primary coolant activity transferred to the affected SG via tube leakage
will be released to the outside atmosphere as well. A portion of the activity initially contained in the intact
SGs is released to the atmosphere through the atmospheric relief valves (ARVs) and/or the main steam
safety valves. A portion of the activity transferred to the intact SGs via tube leakage will also be released
to the outside atmosphere. The steamline break outside containment will bound any break inside
containment since the outside break provides a means for direct release to the environment.

4.3.3.2 Input Parameters and Assumptions

The analysis of the MSLB radiological consequences uses the analytical methods and assumptions
outlined in RG 1.183, Appendix E (Reference 1). A summary of input parameters and assumptions is
provided in Table 4.3-6. A listing of the CLB parameters is also included in Table 4.3-6 for comparison to
the AST parameters.

4.3.3.2.1 Source Term

The initial RCS and SG activity is provided in Table 4.3-la. Since no fuel failure results from the
accident, pre-accident iodine spike, and accident-initiated iodine spike scenarios are considered,
consistent with RG 1. 183 (Reference 1). For the pre-accident iodine spike case, it is assumed that a
reactor transient has occurred prior to the MSLB and has raised the RCS iodine concentration to the
Technical Specification (TS) limit for a transient of 60 WtCi/gm DE 1- 131 (i.e., 60 times the maximum
equilibrium RCS concentration). For the accident-initiated iodine spike case, the reactor trip associated
with the MSLB creates an iodine spike that is assumed to increase the iodine release rate from the fuel to
the RCS to a value 500 times greater than the appearance rate corresponding to the maximum equilibrium
RCS concentration of 1.0 pCi/gm DE 1- 13 1. The iodine appearance rates are conservatively calculated
assuming maximum letdown flow with perfect cleanup. The duration of the accident-initiated iodine spike
is assumed to be 8 hours.

The iodine activity concentration of the secondary coolant at the time the MSLB occurs is assumed to be
at 0.1 gCi/gm DE 1-13 1, which is 10 percent of the maximum equilibrium RCS concentration. The alkali
metal activity in the RCS at the time the MSLB occurs is at a 1 percent fuel defect level and the activity in
the secondary coolant is assumed to be in the same ratio as the primary-to-secondary iodine
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concentrations. The noble gas activity concentration in the RCS at the time the accident occurs is based
on the TS value of 500 gtCi/gm DE Xe-133.

Iodine available for release to the atmosphere is assumed to be 97 percent elemental and 3 percent
organic.

4.3.3.2.2 Release Models

The SG connected to the broken steamline (i.e., the faulted steam generator) is assumed to boil dry in the
initial 2 minutes following the MSLB. The entire liquid inventory of this SG is assumed to be steamed off
and all of the iodine and alkali metal initially in this SG is released to the environment. A conservative

maximum value for the faulted SG secondary side mass is modeled.

The TS limits the primary-to-secondary leakage up to 1440 gpd (1 gpm) for accident-induced conditions.
The total leakage is assumed to enter the faulted SG and is immediately released to the atmosphere with
no credit for iodine or alkali metal retention in the SG. Leakage to the intact SGs is not required, although
it is assumed to be 450 gpd, so that 150 gpd is modeled to each SG according to the normal operation
primary-to-secondary leakage TS limit. Iodine and alkali metal in this leakage mixes with the inventory in
the secondary side of the intact SGs, conservatively modeled with a minimum water mass. All
primary-to-secondary leakage is modeled with density based on cooled liquid.

An iodine partition coefficient of 100 (Ci iodine/gm water) / (Ci iodine/gin steam) is applied to releases
from the intact SGs. The release of alkali metals from the secondary side of the intact SGs is limited by
applying the plant-specific moisture carryover factor of 0.25 percent to the steam releases. All noble gas
activity carried over to the secondary side through SG tube leakage is assumed to be immediately released
to the outside atmosphere.

Twelve hours after the accident, the residual heat removal (RHR) system is assumed to be placed into
service for heat removal. After 12 hours, there are no further steam releases to the atmosphere from the
intact SGs. Within 34 hours after the accident, the RCS has been cooled to below 212'F and there are no
further steam releases to atmosphere from the faulted SG.

4.3.3.2.3 Control Room

In the event of an MSLB, the low steamline pressure SI setpoint will be reached almost immediately
following the break. The SI signal causes the control room to switch from the normal operation mode to
the emergency operation mode. The switchover is conservatively modeled at 90 seconds following event
initiation, which includes a 60-second delay from the initiating signal. As discussed in Section 4.3.2.1,
operator action is taken 90 minutes after event initiation to isolate the ventilation train with failed

filtration.

4.3.3.3 Acceptance Criteria

The EAB and LPZ dose acceptance criterion for an MSLB with an assumed pre-accident iodine spike is
25 rem TEDE per RG 1.183, which is the 10 CFR 50.67 limit. The EAB and LPZ dose acceptance
criterion for an MSLB with an assumed accident-initiated iodine spike is 2.5 rem TEDE per RG 1.183,

August 2013
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 4-48

which is 10 percent of the 10 CFR 50.67 limit. The acceptance criterion for the control room dose is
5 rem TEDE per 10 CFR 50.67. The acceptance criterion for the TSC dose is 5 rem TEDE as allowed by
GDC 19, in accordance with Reference 2.

The EAB doses are calculated for the worst 2-hour interval. The LPZ doses are calculated until all
releases are terminated, which is the time to cool the RCS to 212'F (34 hours) used in the analysis. The
control room and TSC doses are calculated for 30 days.

4.3.3.4 Results and Conclusions

The MSLB accident doses are listed below:

For the pre-accident iodine spike case:

S

0

0

0

EAB
LPZ
Control room
TSC

0.22 rem TEDE
0.13 rem TEDE
0.75 remn TEDE

0.31 rein TEDE

For the accident-initiated iodine spike case:

U

S

S

S

EAB
LPZ
Control room
TSC

0.64 rem TEDE
0.59 remn TEDE
1.1 rem TEDE

0.48 rem TEDE

The EAB doses reported are for the worst 2-hour interval, determined to be from 0 to 2 hours for the
pre-accident iodine spike and from 7.8 to 9.8 hours for the accident-initiated iodine spike.

It is concluded that for an MSLB, the accident doses meet the applicable acceptance criteria.

4.3.3.5 References

1. NRC, Regulatory Guide 1.183, Revision 0, "Alternative Radiological Source Terms for
Evaluating Design Basis Accidents at Nuclear Power Reactors," July 2000.

2. Supplement 1 to NUREG-0737, "Clarification of TMI Action Plan Requirements: Requirements
for Emergency Response Capability," January 1983.

4.3.4 Loss of Non-Emergency AC Power (USAR Chapter 15.2.6.3)

4.3.4.1 Introduction

A LOAC is assumed to occur that trips the reactor coolant pumps (RCPs) and decreases forced flow
through the reactor core. No fuel cladding damage or fuel melting is assumed to occur as a result of this
accident. Due to the pressure differential between the primary and secondary systems and assumed
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SG tube leakage, RCS activity passes from the primary into the secondary system. A portion of this
radioactivity is released to the outside atmosphere through the ARVs and/or main steam safety valves. In
addition, iodine and alkali metal activity is contained in the secondary coolant before the accident
and some of this activity is released to the atmosphere as a result of steaming from the SGs following
the accident.

4.3.4.2 Input Parameters and Assumptions

The analysis of the LOAC event is not discussed in RG 1.183 (Reference 1). However, the release
pathway for this analysis is similar to the locked rotor event and the accident-initiated iodine spike is
similar to the MSLB event. Therefore, release pathway models consistent with RG 1.183, Appendix G
and accident-initiated iodine spiking models consistent with RG 1.183, Appendix E are applied to this
analysis. A summary of input parameters and assumptions is provided in Table 4.3-7. A listing of the CLB
parameters is also included in Table 4.3-7 for comparison to the AST parameters.

4.3.4.2.1 Source Term

The initial RCS and SG activity is provided in Table 4.3-la. Since no fuel failure results from the
accident, an accident-initiated iodine spike scenario is considered. The reactor trip associated with the
LOAC creates an iodine spike that is assumed to increase the iodine release rate from the fuel to the RCS
to a value 500 times greater than the appearance rate corresponding to the maximum equilibrium RCS
concentration of 1.0 ýiCi/gm DE 1-13 1. The iodine appearance rates are conservatively calculated
assuming maximum letdown flow with perfect cleanup. The duration of the accident-initiated iodine spike
is assumed to be 8 hours.

The iodine activity concentration of the secondary coolant at the time the LOAC occurs is assumed to be
at 0.1 gCi/gm DE 1-13 1, which is 10 percent of the maximum equilibrium RCS concentration. The alkali
metal activity in the RCS at the time the LOAC occurs is at a 1 percent fuel defect level and the activity in
the secondary coolant is assumed to be in the same ratio as the primary-to-secondary iodine
concentrations. The noble gas activity concentration in the RCS at the time the accident occurs is based
on the TS value of 500 gCi/gm DE Xe-133.

Iodine available for release to the atmosphere is assumed to be 97 percent elemental and 3 percent
organic.

4.3.4.2.2 Release Models

The primary-to-secondary accident-induced SG tube leakage to the four SGs is assumed to be at the TS
maximum of I gpm total. The iodine and alkali metals in the leakage mixes with the inventory in the
secondary side of the SGs, conservatively modeled with a minimum water mass. The minimum SG water
mass is increased after 2 hours to take credit for operators maintaining level at narrow range just on span.
All primary-to-secondary leakage is modeled with a density based on cooled liquid.

An iodine partition coefficient of 100 (Ci iodine/gm water)/(Ci iodine/gm steam) is applied to releases
from the SGs. The release of alkali metals from the secondary side is limited by applying the
plant-specific moisture carryover factor of 0.25 percent to the steam releases. All noble gas activity
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carried over to the secondary side through SG tube leakage is assumed to be immediately released to the
outside atmosphere.

Twelve hours after the accident is initiated, the RHR system is assumed to be placed into service for heat
removal. After 12 hours, there are no further steam releases to the atmosphere.

4.3.4.2.3 Control Room

The control room intake radiation monitor signal setpoint is not reached in the analysis. As a result, the
control room ventilation system remains in normal mode operation.

4.3.4.3 Acceptance Criteria

The EAB and LPZ dose acceptance criterion for a LOAC is 0.1 rem TEDE, consistent with 10 CFR 20.
The control room dose acceptance criterion is 5 rem TEDE per 10 CFR 50.67. The acceptance criterion
for the TSC dose is 5 rem TEDE as allowed by GDC 19, in accordance with Reference 2.

The EAB and LPZ doses are calculated until all releases are terminated, which is the RHR cut-in time
(12 hours) used in the analysis. The control room and TSC doses are calculated for 30 days.

4.3.4.4 Results and Conclusions

The LOAC accident doses are listed below:

0 EAB 0.033 rem TEDE
0 LPZ 0.0036 rem TEDE
* Control room 0.11 rem TEDE
* TSC 0.0034 rem TEDE

It is concluded that for a LOAC, the accident doses meet the applicable acceptance criteria.

4.3.4.5 References

1. NRC, Regulatory Guide 1.183, Revision 0, "Alternative Radiological Source Ternns for
Evaluating Design Basis Accidents at Nuclear Power Reactors," July 2000.

2. Supplement 1 to NUREG-0737, "Clarification of TMI Action Plan Requirements: Requirements
for Emergency Response Capability,". January 1983.

4.3.5 Locked Rotor (USAR Chapter 15.3.3.3)

4.3.5.1 Introduction

An instantaneous seizure of an RCP is assumed to occur, which rapidly reduces flow through the affected
reactor coolant loop. Fuel cladding damage is predicted to occur as a result of this accident. Due to the
pressure differential between the primary and secondary systems and assumed SG tube leakage, fission
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products pass from the primary into the secondary system. A portion of this radioactivity is released to the
outside atmosphere through the ARVs and/or safety valves.

4.3.5.2 Input Parameters and Assumptions

The analysis of the locked rotor radiological consequences uses the analytical methods and assumptions
outlined in RG 1.183, Appendix G (Reference 1). A summary of input parameters and assumptions is
provided in Table 4.3-8. A listing of the CLB parameters is also included in Table 4.3-8 for comparison to
the AST parameters.

4.3.5.2.1 Source Term

The core fission product activity is provided in Table 4.3-1a. The analysis assumes that 5 percent of the
fuel rods in the core fail or suffer damage as a result of the locked rotor sufficient that all of their gap
activity is released to the RCS. The calculation uses gap fractions of 8 percent for 1-131, 10 percent for
Kr-85, 12 percent for alkali metals, and 5 percent for all other nuclides. In the calculation of activity
releases from the damaged fuel, the maximum radial peaking factor of 1.65 is applied.

The calculation does not model the initial RCS or secondary side system activities as the activities are
insignificant compared to the core activity from failed fuel.

Iodine available for release to the atmosphere is assumed to be 97 percent elemental and 3 percent
organic.

4.3.5.2.2 Release Models

The primary-to-secondary accident-induced SG tube leakage to the four SGs is assumed to be at the TS
maximum of 1 gpm total. The iodine in the leakage mixes with the inventory in the secondary side of the
SGs, conservatively modeled with a minimum water mass. The minimum SG water mass is
increased after 2 hours to take credit for operators maintaining level at narrow range just on span. All
primary-to-secondary leakage is modeled with a density based on cooled liquid.

An iodine partition coefficient of 100 (Ci iodine/gm water) / (Ci iodine/gm steam) is applied to releases
from the SGs. The release of alkali metals from the secondary side is limited by applying the
plant-specific moisture carryover factor of 0.25 percent to the steam releases. All noble gas activity
carried over to the secondary side through SG tube leakage is assumed to be immediately released to the
outside atmosphere.

Twelve hours after the accident is initiated, the RHR system is assumed to be placed into service for heat
removal. After 12 hours, there are no further steam releases to the atmosphere.

4.3.5.2.3 Control Room

The control room intake radiation monitor signal setpoint is not reached in the analysis. As a result, the
control room ventilation system remains in normal mode operation.
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4.3.5.3 Acceptance Criteria

The EAB and LPZ dose acceptance criterion for a locked rotor is 2.5 remn TEDE per RG 1.183, which is
10 percent of the 10 CFR 50.67 limit. The control room dose acceptance criterion is 5 rem TEDE per
10 CFR 50.67. The acceptance criterion for the TSC dose is 5 rem TEDE as allowed by GDC 19, in
accordance with Reference 2.

The EAB dose is calculated for the worst 2-hour interval. The LPZ dose is calculated until all releases are
terminated, which is the RHR cut-in time (12 hours) used in the analysis. The control room and TSC
doses are calculated for 30 days.

4.3.5.4 Results and Conclusions

A comparison of the source term, release models, and control room discussions shows that the locked
rotor accident is bounded by the primary-to-secondary release pathway for the rod ejection accident
described in Section 4.3.6. The inputs and assumptions are the same with the exception of gap fractions
and the amount of fuel rods that suffer damage. The rod ejection accident source term bounds the source
term for the locked rotor accident due to a higher number of rods that experience fuel damage and higher
gap fractions. As a result, the rod ejection accident results are compared against the locked rotor accident
acceptance criteria.

The locked rotor accident doses, which are the rod ejection doses from secondary side releases, are listed
below:

* EAB 0.38 rem TEDE
* LPZ 0.30 rem TEDE
* Control room 4.7 rem TEDE
* TSC 0.16 rem TEDE

The EAB doses reported are for the worst 2-hour interval, determined to be from 0 to 2 hours.

It is concluded that for a locked RCP rotor, the accident doses meet the applicable acceptance criteria.

4.3.5.5 References

1. NRC, Regulatory Guide 1.183, Revision 0, "Alternative Radiological Source Terms for
Evaluating Design Basis Accidents at Nuclear Power Reactors," July 2000.

2. Supplement I to NUREG-0737, "Clarification of TMI Action Plan Requirements: Requirements
for Emergency Response Capability," January 1983.
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4.3.6 Rod Ejection (USAR Chapter 15.4.8.3)

4.3.6.1 Introduction

It is assumed that a mechanical failure of a control rod mechanism pressure housing has occurred,
resulting in the ejection of a rod cluster assembly and drive shaft. As a result of the accident, some fuel
cladding damage and a small amount of fuel melt are assumed to occur. Due to the pressure differential
between the primary and secondary systems and the assumed SG tube leakage, radioactive reactor coolant
passes from the primary into the secondary system. A portion of this radioactivity is released to the
outside atmosphere through the ARVs and/or the main steam safety valves (MSSVs). Finally, radioactive
reactor coolant is discharged to the containment via the spill from the opening in the reactor vessel head.
A portion of this radioactivity is released through containment leakage to the environment.

4.3.6.2 Input Parameters and Assumptions

The analysis of the rod ejection radiological consequences uses the analytical methods and assumptions
outlined in RG 1. 183, Appendix H (Reference 1). A summary of input parameters and assumptions is
provided in Table 4.3-9. A listing of the CLB parameters is also included in Table 4.3-9 for comparison to
the AST parameters.

4.3.6.2.1 Source Term

The core fission product activity is provided in Table 4.3-la. In determining the activity released from the
core following the rod ejection accident, it is assumed that 10 percent of the fuel rods in the core fail or
suffer damage due to departure from nucleate boiling (DNB) such that all of their gap activity is released.
Ten percent of the total core activity of iodine and noble gases and 12 percent of the total core activity of
alkali metals is assumed to be in the fuel-cladding gap.

A small fraction of the fuel in the damaged fuel rods is assumed to melt as a result of the rod ejection
accident equal to 0.25 percent of the core. This is based on the assumption that 50 percent of the rods in
DNB undergo centerline melting, with the melting limited to the inner 10 percent and occurring over
50 percent of the axial length of the affected rods. All noble gas and 50 percent of the iodine and alkali
metal activity contained in the melted fuel are released.

In the calculation of activity releases from the damaged/melted fuel, the maximum radial peaking factor
of 1.65 is applied.

The calculation does not model the initial RCS or secondary side system activities because the activities
are insignificant compared to the core activity from failed fuel.

Iodine available for release to the atmosphere is assumed to be 97 percent elemental and 3 percent organic
for the primary-to-secondary release pathway and 95 percent particulate, 4.85 percent elemental, and
0. 15 percent organic for the containment leakage pathway.
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4.3.6.2.2 Release Models

4.3.6.2.2.1 Containment Leakage

The containment is assumed to leak at the design leak rate of 0.2 percent per day for the first 24 hours of
the accident and then to leak at half that rate (0. 1 percent per day) for the remainder of the 30-day period
following the accident considered in the analysis.

For the containment leakage pathway, no credit is taken for any processes that would remove airborne
activity.

4.3.6.2.2.2 Secondary Releases

The primary-to-secondary accident-induced SG tube leakage to the four SGs is assumed to be at the TS
maximum of 1 gpm total. The iodine and alkali metals in the leakage mix with the inventory in the
secondary side of the SGs, conservatively modeled with a minimum water mass. The minimum SG water
mass is increased after 2 hours to take credit for operators maintaining level at narrow range just on span.
All primary-to-secondary leakage is modeled with a density based on cooled liquid.

An iodine partition coefficient of 100 (Ci iodine/gm water)/(Ci iodine/gm steam) is applied to releases
from the SGs. The release of alkali metals from the secondary side is limited by applying the
plant-specific moisture carryover factor of 0.25 percent to the steam releases. All noble gas activity
carried over to the secondary side through SG tube leakage is assumed to be immediately released to the
outside atmosphere.

Twelve hours after the accident is initiated, the RHR system is assumed to be placed into service for heat
removal. After 12 hours, there are no further steam releases to the atmosphere.

4.3.6.2.3 Control Room

In the event of a rod ejection that results in releases to the containment atmosphere, the low pressurizer
pressure SI setpoint will be reached within 150 seconds of event initiation due to the loss of RCS mass
through the hole in the upper head. The SI signal causes the control room to switch from the normal
operation mode to the emergency operation mode. The switch is modeled at 210 seconds following event
initiation, which includes a 60-second delay from the initiating signal. As discussed in Section 4.3.2.1,
operator action is taken 90 minutes after event initiation to isolate the ventilation train with failed
filtration.

For the primary-to-secondary leakage case, where the RCS is assumed intact, there is no SI and the
control room intake radiation monitor signal setpoint is not reached in the analysis. As a result, the control
room ventilation system remains in normal mode operation.
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4.3.6.3 Acceptance Criteria

The EAB and LPZ dose acceptance criterion for a rod ejection is 6.3 rem TEDE per RG 1.183, which is
approximately 25 percent of the 10 CFR 50.67 limit. The control room dose acceptance criterion is 5 rem
TEDE per 10 CFR 50.67. The acceptance criterion for the TSC dose is 5 rem TEDE as allowed by
GDC 19, in accordance with Reference 2. The limits apply to the containment leakage and primary-to-
secondary leakage pathways separately.
The EAB doses are calculated for the worst 2-hour interval. The LPZ dose is calculated for 30 days in the
containment leakage case and until all releases are terminated, which is the RHR cut-in time (12 hours)
for the primary-to-secondary leakage case. The control room and TSC doses are calculated for 30 days.

4.3.6.4 Results and Conclusions

The rod ejection accident doses are listed below:

For the containment leakage case:

0

S

S

0

EAB
LPZ
Control room
TSC

1.2 rein TEDE
2.0 rem TEDE
1.7 rem TEDE
2.2 rem TEDE

For the primary-to-secondary leakage case:

0

0

0

S

EAB
LPZ
Control room
TSC

0.38 rem TEDE
0.30 rem TEDE
4.7 rem TEDE
0.16 rem TEDE

The EAB doses reported are for the worst 2-hour interval, determined to be from 0 to 2 hours for both the
containment leakage case and the primary-to-secondary leakage case.

It is concluded that for a rod ejection, the accident doses meet the applicable acceptance criteria.

4.3.6.5 References

1. NRC, Regulatory Guide 1.183, Revision 0, "Alternative Radiological Source Terms for
Evaluating Design Basis Accidents at Nuclear Power Reactors," July 2000.

2. Supplement 1 to NUREG-0737, "Clarification of TMI Action Plan Requirements: Requirements
for Emergency Response Capability," January 1983.
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4.3.7 Letdown Line Break (USAR Chapter 15.6.2.1)

4.3.7.1 Introduction

The analysis models the complete severance of the letdown line outside of containment. The occurrence
of a complete severance of the letdown line would result in a loss of reactor coolant at the rate of 141 gpm
with a time for the operations personnel to isolate the letdown line of 30 minutes, 10 seconds. The
letdown line break is used as a representative scenario for all small lines transporting reactor coolant
inventory outside of containment as it poses the most severe consequences regarding radioactivity release
based upon break size.

4.3.7.2 Input Parameters and Assumptions

The letdown line break event is not discussed in RG 1. 183 (Reference 1); however, RG 1.183 models are
applied to this analysis in conjunction with event guidance from SRP 15.6.2 (Reference 2). A summary of
input parameters and assumptions is provided in Table 4.3-10. A listing of the CLB parameters is also
included in Table 4.3-10 for comparison to the AST parameters.

4.3.7.2.1 Source Term

The initial RCS activity is provided in Table 4.3-1a. No fuel failure results from the accident. Consistent
with SRP 15.6.2, an accident-initiated spike in the RCS is considered. The iodine spike increases the
iodine release rate from the fuel to the RCS to a value 500 times greater than the appearance rate
corresponding to the maximum equilibrium RCS concentration of 1.0 ptCi/gm of DE 1-131. The iodine
appearance rates are conservatively calculated assuming maximum letdown flow with perfect cleanup.
The duration of the accident-initiated iodine spike has no impact on the results beyond the time at which
the release is terminated since the release is terminated well before the assumed 8-hour spike ends.

The noble gas activity concentration in the RCS at the time the accident occurs is based on the TS value
of 500 g.Ci/gm of DE Xe-133. The alkali metal activity concentration in the RCS is at a 1 percent fuel
defect level.

Iodine available for release to the atmosphere is assumed to be 97 percent elemental and 3 percent
organic.

4.3.7.2.2 Release Model

Reactor coolant is assumed to be released at a rate of 141 gpm until the isolation valve is fully closed. The
time required for the operator to identify the accident and close the letdown isolation valve is expected to
be within 30 minutes, 10 seconds after accident initiation. It is assumed that 18 percent of the leaking
coolant flashes to steam, based on the temperature and pressure conditions of the letdown line flow. Only
the iodine and alkali metal in this steam is assumed to become airborne and is available for release to the
atmosphere, whereas all noble gases contained in the leaking primary coolant are available for release to
the atmosphere.
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4.3.7.2.3 Control Room

The control room intake radiation monitor signal setpoint is not reached in the analysis. As a result, the
control room ventilation system remains in normal mode operation.

4.3.7.3 Acceptance Criteria

The EAB and LPZ dose acceptance criterion for a letdown line break outside containment is 2.5 rem
TEDE, which is a small fraction (i.e., 10 percent) of the 10 CFR 50.67 limit by applying the same basis of
acceptance from SRP 15.6.2. The control room dose acceptance criterion is 5 rem TEDE per
10 CFR 50.67. The acceptance criterion for the TSC dose is 5 rem TEDE as allowed by GDC 19, in
accordance with Reference 3.

The EAB dose is calculated for the worst 2-hour interval. The LPZ dose is calculated until all releases are
terminated, which is the letdown line isolation time (30 minutes, 10 seconds) used in the analysis. The
control room and TSC doses are calculated for 30 days.

4.3.7.4 Results and Conclusions

The letdown line break accident doses are listed below:

0

S

0

0

EAB
LPZ
Control room
TSC

0.23 rem TEDE
0.073 rem TEDE
0.83 rem TEDE
0.29 rem TEDE

The EAB dose reported is for the worst 2-hour interval, determined to be from 0 to 2 hours.

It is concluded that for a letdown line break, the accident doses meet the applicable acceptance criteria.

4.3.7.5 References

1. NRC, Regulatory Guide 1.183, Revision 0, "Alternative Radiological Source Terms for
Evaluating Design Basis Accidents at Nuclear Power Reactors," July 2000.

2. NUREG-0800, Standard Review Plan 15.6.2, Revision 2, "Radiological Consequences of the
Failure of Small Lines Carrying Primary Coolant Outside Containment," July 1981.

3. Supplement I to NUREG-0737, "Clarification of TMI Action Plan Requirements: Requirements
for Emergency Response Capability," January 1983.
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4.3.8 Steam Generator Tube Rupture (USAR Chapter 15.6.3.3)

4.3.8.1 Introduction

For the SGTR, the complete severance of a single SG tube is assumed to occur. Due to the pressure
differential between the primary and secondary systems, radioactive reactor coolant is discharged from
the primary into the secondary system. A portion of this radioactivity is released to the outside atmosphere
through the main condenser, the ARVs, or the MSSVs. In addition, iodine and alkali metal activity is
contained in the secondary coolant prior to the accident and some of this activity is released to the
atmosphere as a result of steaming from the SGs following the accident.

The analysis of the postulated SGTR assumed a loss of offsite power. The scenario involves the release of
steam from the secondary system caused by a turbine trip in conjunction with loss of main steam dump
capabilities and the subsequent venting to the atmosphere through the ARVs. The limiting single failure
relative to the radiological consequences is chosen in order to maximize the amount of radioactivity
released to the atmosphere. It has been demonstrated that no single active failure scenario results in the
flooding of the main steamlines. Thus, the limiting single failure for the SGTR is the failure of the ARV to
close on the loop with the ruptured SG. After identifying the stuck-open ARV, operations personnel are
dispatched to locally close the ARV block valve. It is assumed that the block valve is closed within
30 minutes after the ARV becomes stuck open, thus terminating the release of radioactive steam from the
ruptured SG to the atmosphere. Primary-to-secondary break flow will continue following the closure of
the block valve until the primary and secondary system pressures are equalized. Equalization of the
primary and secondary system pressures terminates the flow of reactor coolant into the ruptured SG in
sufficient time to prevent filling it completely.

The time-dependent mass releases used to assess the radiological consequences of this postulated SGTR
are calculated from a transient thermal-hydraulic analysis described in Section 2.7.3 in Enclosure I of this
LAR. Time-dependent values of the leakage rate into the ruptured SG and the flashing fraction were also
used to assess the radiological consequences. Following the closure of the ruptured SG ARV block valve,
there is additional radiological dose due to the leakage from the primary system into the intact SGs and
the initial concentration of radioactivity contained in the intact SGs as steaming continues to provide plant
cooldown.

4.3.8.2 Input Parameters and Assumptions

The analysis of the SGTR radiological consequences uses the analytical methods and assumptions
outlined in RG 1.183, Appendix F (Reference 1). A summary of input parameters and assumptions is
provided in Table 4.3-11. A listing of the CLB parameters is also included in Table 4.3-11 for comparison
to the AST parameters.

4.3.8.2.1 Source Term

The initial RCS and SG activity is provided in Table 4.3-la. Since no fuiel failure results from the
accident, pre-accident iodine spike and accident-initiated iodine spike scenarios are considered, consistent
with RG 1.183 (Reference 1). For the pre-accident iodine spike case, it is assumed that a reactor transient
has occurred prior to the SGTR and has raised the RCS iodine concentration to the TS limit for a transient
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of 60 jiCi/gm DE 1- 131 (i.e., 60 times the maximum equilibrium RCS concentration). For the
accident-initiated iodine spike case, the reactor trip associated with the SGTR creates an iodine spike that
is assumed to increase the iodine release rate from the fuel to the RCS to a value 335 times greater than
the appearance rate corresponding to the maximum equilibrium RCS concentration of 1.0 pCi/gm DE
1-131. The iodine appearance rates are conservatively calculated assuming maximum letdown flow with
perfect cleanup. The duration of the accident-initiated iodine spike is assumed to be 8 hours.

The iodine activity concentration of the secondary coolant at the time the SGTR occurs is assumed to be
at 0.1 pCi/gm DE 1-131, which is 10 percent of the maximum equilibrium RCS concentration. The alkali
metal activity in the RCS at the time the SGTR occurs is at a 1 percent fuel defect level and the activity in
the secondary coolant is assumed to be in the same ratio as the primary-to-secondary iodine
concentrations. The noble gas activity concentration in the RCS at the time the accident occurs is based
on the TS value of 500 ptCi/gm DE Xe-133.

Iodine available for release to the atmosphere is assumed to be 97 percent elemental and 3 percent
organic.

4.3.8.2.2 Release Model

The mass transfer data provided by the transient thermal-hydraulic analysis described in Section 2.7.3 in
Enclosure I of this LAR are increased by 10 percent for use in the analysis of SGTR radiological
consequences. The data used for the radiological analysis are shown in Table 4.3-11.

Reactor trip and loss of offsite power occur at approximately 52 seconds. The ARV on the ruptured SG
fails open at approximately 1102 seconds and is isolated 30 minutes later, terminating releases from the
ruptured SG. The plant cooldown by steaming from the intact SGs is initiated at approximately
3502 seconds and is completed at approximately 4855 seconds. Cooling via the intact SGs continues at a
reduced rate until the RHR system is placed into service for heat removal and there is no further steam
release to the atmosphere from the secondary system. The RHR system is in service within 12 hours.

Break flow is transferred to the ruptured SG beginning at event initiation and terminating at
7527 seconds. A portion of this break flow is assumed to be released directly to the environment through
flashing, which is calculated based on the primary side hot leg and SG secondary side fluid enthalpies.
Flashed break flow begins at event initiation and terminates at 3846 seconds. The entire 1 gpm
primary-to-secondary accident-induced leakage allowed by the TS is assumed to be leaking into the intact
SGs with a density based on cooled liquid, which otherwise is negligible compared to the flow through
the ruptured tube. This leakage begins at event initiation and continues throughout the event.

Iodine and alkali metal activity contained in the portion of the break flow that flashed to steam upon
entering the ruptured SG is released directly to the atmosphere as long as steam releases from the ruptured
SG continue. An iodine partition coefficient in the SGs of 100 (Ci iodine/gm water)/(Ci iodine/gmn steam)
is applied to releases resulting from steaming of the secondary side fluid. The release of alkali metals
from the secondary side is limited by applying the plant-specific moisture carryover factor of 0.25 percent
to the steam releases. Prior to reactor trip and concurrent loss of offsite power, a removal factor for both
iodine and alkali metal activity of 0.01 is taken from steam released to the condenser.
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All noble gas activity carried over to the secondary side through SG tube leakage is assumed to be
immediately released to the outside atmosphere as long as steam releases continue.

The WCGS specific transient SGTR analyses for thermal and hydraulic input to dose, described in
Section 2.7.3 in Enclosure I of this LAR and margin to overfill, described in Section 2.7.2 in Enclosure I
of this LAR confirm that the ruptured SG does not reach water levels that would result in tube uncovery
and that margin is maintained in the ruptured SG to prevent water relief via the MSSVs.

4.3.8.2.3 Control Room

The low pressurizer pressure SI setpoint will be reached approximately 325 seconds from event initiation.
The SI signal causes the control room to switch from the normal operation mode to the emergency
operation mode. The switch is modeled at 385 seconds, which includes a 60-second delay from the
initiating signal. As discussed in Section 4.3.2.1, operator action is taken 90 minutes after event initiation
to isolate the ventilation train with failed filtration.

4.3.8.3 Acceptance Criteria

The EAB and LPZ dose acceptance criterion for an SGTR with an assumed pre-accident iodine spike is
25 rem TEDE per RG 1.183, which is the 10 CFR 50.67 limit. The EAB and LPZ dose acceptance
criterion for an SGTR with an assumed accident-initiated iodine spike is 2.5 rem TEDE per RG 1.183,
which is 10 percent of the 10 CFR 50.67 limit. The acceptance criterion for the control room dose is
5 rem TEDE per 10 CFR 50.67. The acceptance criterion for the TSC dose is 5 rem TEDE as allowed by
GDC 19, in accordance with Reference 2.

The EAB doses are calculated for the worst 2-hour interval. The LPZ doses are calculated until all
releases are tenninated, which is the RHR cut-in time (12 hours.) used in the analysis. The control room
and TSC doses are calculated for 30 days.

4.3.8.4 Results and Conclusions

The SGTR accident doses are listed below.

For the pre-accident iodine spike case:

* EAB 1.1 rem TEDE
* LPZ 0.35 rem TEDE
0 Control room 1.1 rem TEDE
* TSC 2.3 rem TEDE

For the accident-initiated iodine spike case:

* EAB 0.86 rem TEDE
* LPZ 0.29 rem TEDE
* Control room 0.45 rem TEDE
* TSC 1.7 rem TEDE
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The EAB doses reported are for the worst 2-hour interval, determined to be from 0 to 2 hours for both the
pre-accident iodine spike and accident-initiated iodine spike.

It is concluded that for an SGTR, the accident doses meet the applicable acceptance criteria.

4.3.8.5 References

1. NRC, Regulatory Guide 1.183, Revision 0, "Alternative Radiological Source Terms for
Evaluating Design Basis Accidents at Nuclear Power Reactors," July 2000.

2. Supplement 1 to NUREG-0737, "Clarification of TMI Action Plan Requirements: Requirements
for Emergency Response Capability," January 1983.

4.3.9 Loss-of-Coolant Accident (USAR Chapter 15.6.5.4)

4.3.9.1 Introduction

An abrupt failure of the main reactor coolant pipe is assumed to occur. Activity from the RCS is released
to containment and a portion of this activity is released to the atmosphere via the mini-purge system prior
to containment isolation. It is assumed that the emergency core coolant features fail to prevent the core
from experiencing significant degradation (i.e., melting). This sequence cannot occur unless there are
multiple failures, and thus goes beyond the typical design basis accident that considers a single active
failure. Activity from the core is released to the containment and from there is released to the environment
by means of containment leakage. In addition, once recirculation of the emergency core cooling
system (ECCS) is established, iodine activity in the sump solution may be released to the environment by
means of leakage from ESF equipment outside containment in the auxiliary building, and by means of
leakage from the ESF to the RWST with subsequent leaking or venting. The total offsite and control room
doses are the sum of the doses resulting from the four postulated release paths.

4.3.9.2 Input Parameters and Assumptions

The analysis of the LOCA radiological consequences uses the analytical methods and assumptions
outlined in RG 1.183, Appendix A (Reference 1). A summary of input parameters and assumptions is
provided in Table 4.3-12. A listing of the CLB parameters is also included in Table 4.3-12 for comparison
to the AST parameters.

4.3.9.2.1 Source Term

The iodine activity in the RCS at the time of the accident is assumed to be at the TS limit of 1.0 jtCi/gm
of DE 1-131 for the maximum equilibrium RCS concentration. The noble gas activity concentration in the
RCS at the time of the accident is assumed to be at the TS limit of 500 ýICi/gm of DE Xe-133 for the
maximum equilibrium RCS concentration. The activity for the remaining nuclide groups is at a 1 percent
fuel defect level. The RCS activities are listed in Table 4.3-la. These values are used in the containment
purge release pathway.

August 2013
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 4-62

For modeling the containment leakage, ECCS leakage, and RWST back-leakage release pathways, the
analysis assumes fuel melt occurs in the entire core and the release of activity occurs over a 1.8 hour
interval. The gap release phase occurs at 30 seconds and ends in the first 0.5 hour and the release from the
melted fuel occurs over the subsequent 1.3 hours. This modeling is consistent with RG 1.183.
Table 4.3-la lists the core activities and Table 4.3-12 lists the gap and fuel melt activity release fractions
for the various nuclide groups.

Iodine available for release to the atmosphere is assumed to be 95 percent particulate, 4.85 percent
elemental, and 0.15 percent organic for the containment leakage pathway and 97 percent elemental and
3 percent organic for the other pathways.

4.3.9.2.2 Release Models

4.3.9.2.2.1 Containment Leakage

For the containment leakage pathway, all activity released from the fuel is assumed to go into the
unsprayed portion of containment before being mixed with the sprayed portion of the containment. The
time-dependent removal of elemental iodine and particulates from the containment atmosphere is
accomplished by containment sprays, particulate sedimentation, radioactive decay, and leakage from
containment. The noble gases and organic iodine are subject to removal only by radioactive decay and
leakage from containment.

The maximum free volume of the containment modeled in the containment leakage pathway is 2.7E6 ft3.
The portion of this volume covered by spray drops (85 percent) and its unsprayed portion (15 percent) are
modeled separately. The mixing rate between the sprayed and unsprayed regions is modeled as
69,400 cfmn per fan cooler. Only one fan cooler is assumed to be operating and a conservative delay of
2 minutes is assumed before mixing is credited. Mixing continues for the remainder of the event.

The containment is assumed to leak at the design leak rate of 2 percent per day for the first 24 hours of the
accident and then to leak at half that rate (1 percent per day) for the remainder of the 30-day period
considered in the analysis.

Containment sprays are actuated at 2 minutes following accident initiation and terminate 5 hours
following accident initiation.

SRP 6.5.2 (Reference 2) identifies a methodology for the determination of spray removal of elemental
iodine. The removal rate constant is determined by:

ks = 6KgTF/VD

where:

Kg = Gas phase mass transfer coefficient, mirnin
T = Time of fall of the spray drops, rain
F = Volume flow rate of sprays, m3/hr
V = Containment sprayed volume, m3

D = Mass-mean diameter of the spray drops, m
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The resulting removal coefficient for elemental iodine is 22.9 hr -. SRP 6.5.2 (Reference 2) allows for
elemental iodine removal credit of up to 20 hr -1 during injection spray; however, to avoid sensitivities
with spray switchover times from injection to recirculation and to conservatively address iodine loading
in the spray fluid during recirculation, the removal is limited to 10 hr -1 for either spray mode. The
elemental removal is modeled until a decontamination factor (DF) of 200 is reached at 2.335 hours, at
which time elemental iodine removal is terminated.

SRP 6.5.2 (Reference 2) identifies a methodology for the determination of spray removal of particulates.
The removal rate constant is determined by:

Xp = 3hFE / 2VD

where:

h = Drop fall height, m

F = Volume flow rate of sprays, m3/hr
V = Containment sprayed volume, m3

E/D = Ratio of dimensionless collection efficiency (E) to the average spray drop diameter (D)

The resulting removal coefficient for particulates is 5 hr - until a DF of 50 is reached at 2.43 hours. After
this time the particulate removal coefficient is reduced by a factor of 10 to 0.5 hr - until sprays are
terminated at 5 hours.

Sedimentation is credited in the portion of containment that is not impacted by spray removal and in the
sprayed portion when sprays are not on at a rate of 0.1 hr - until a DF of 1000 is reached at 23.5 hours.
After this time sedimentation removal is terminated.

The sump pH is maintained at greater than or equal to 7.0. Therefore, no re-evolution of iodine occurs.

4.3.9.2.2.2 Emergency Core Cooling System Leakage

For the ECCS leakage pathway, all iodine activity released from the fuel is assumed to be in the sump
solution immediately. The only removal of activity from the sump is by radioactive decay or leakage to
the auxiliary building. The sump volume is 460,000 gallons. When ECCS recirculation is established
following the LOCA, leakage is assumed to occur from ESF equipment in the auxiliary building.
Recirculation is modeled to initiate at the start of the event and continues throughout the event.

The leakage to the auxiliary building is modeled at a rate of 2 gpm. The leakage value was doubled in
accordance with RG 1.183. The analysis assumes that 10 percent of the iodine activity in the leakage
becomes airborne and is available for release to the environment. The activity of the airborne leakage is
further reduced as it is released through the auxiliary building vent filters with 90 percent efficiency for
all forms of iodine.
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4.3.9.2.2.3 Refueling Water Storage Tank Back-Leakage

For the RWST back-leakage pathway, a portion of the ECCS recirculation is assumed to leak into the
RWST. All iodine activity released from the fuiel is assumed to be in the sump solution immediately. The
only removal of activity from the sump is by radioactive decay or leakage to the RWST. The sump
volume is 460,000 gallons. Recirculation is modeled to initiate at the start of the event and continues
throughout the event.

Leakage to the RWST is modeled at a rate of 3.8 gpm. The activity is modeled to be delivered directly to
the gas filled portion of the RWST; however, only 10 percent of the activity becomes airborne and is
available for release to the environment. The release rate from the RWST to the environment is based on
the volume displacement from the incoming leakage. An adjustment is made to account for a reduction in
the RWST gas volume available for dilution as the leakage into the RWST increases the water level.

4.3.9.2.2.4 Containment Purge

For the containment purge system release pathway, all of the initial primary coolant activity is instantly
released from the RCS and is evenly distributed throughout the containment volume. The minimum free
volume of the containment modeled in this pathway is 2.5E6 ft3. The only removal of activity from
containment is by radioactive decay or the purge flow. The maximum flow rate of 4680 cfi-n is modeled
until the purge line is isolated at 10 seconds.

4.3.9.2.3 Control Room

In the event of a LOCA, the low pressurizer pressure SI setpoint will be reached almost immediately
following the break. The SI signal causes the control room to switch from the normal operation mode to
the emergency operation mode. The switch is conservatively modeled at 120 seconds following event
initiation, which includes a 60-second delay from the initiating signal. As discussed in Section 4.3.2.1,
operator action is taken 90 minutes after event initiation to isolate the ventilation train with failed
filtration.

The calculated dose to control room personnel from external sources was calculated to be 0.132 rem
TEDE. These external sources include the activity remaining in containment following the LOCA, the
activity cloud outside the control room in the control building, the activity buildup on filters, and the
activity in the control building streaming through doors and penetrations. This is added to the dose
calculated from the four release paths discussed above.

4.3.9.3 Acceptance Criteria

The EAB and LPZ dose acceptance criterion for a LOCA is 25 rem TEDE per RG 1.183, which is also the
10 CFR 50.67 limit. The acceptance criterion for the control room dose is 5 rem TEDE per 10 CFR 50.67.
The acceptance criterion for the TSC dose is 5 rem TEDE as allowed by GDC 19, in accordance with
Reference 3.

The EAB dose is calculated for the worst 2-hour interval. The LPZ, control room, and TSC doses are
calculated for 30 days.
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4.3.9.4 Results and Conclusions

The LOCA doses are listed below:

* EAB 5.1 rem TEDE
* LPZ 4.6 rem TEDE
* Control room 4.7 rem TEDE
* TSC 4.9 rem TEDE

The EAB dose reported is for the worst 2-hour interval, determined to be from 0.4 to 2.4 hours.

It is concluded that for a LOCA, the accident doses meet the applicable acceptance criteria.

4.3.9.5 References

1. NRC, Regulatory Guide 1.183, Revision 0, "Alternative Radiological Source Terms for
Evaluating Design Basis Accidents at Nuclear Power Reactors," July 2000.

2. NlUREG-0800, Standard Review Plan 6.5.2, Revision 4, "Containment Spray as a Fission Product
Cleanup System," March 2007.

3. Supplement 1 to NUREG-0737, "Clarification of TMI Action Plan Requirements: Requirements
for Emergency Response Capability," January 1983.

4.3.10 Waste Gas Decay Tank Failure (USAR Chapter 15.7.1.5)

4.3.10.1 Introduction

For the waste gas decay tank rupture, a failure is assumed that results in the uncontrolled release of the
contents of one gas decay tank.

4.3.10.2 Input Parameters and Assumptions

This event is not discussed in RG 1.183 (Reference 1); however, RG 1.183 models are applied to this
analysis in conjunction with event guidance from RG 1.24 (Reference 2) and SRP Branch Technical
Position (BTP) 11-5 (Reference 3). A summary of input parameters and assumptions is provided in
Table 4.3-13. A listing of the CLB parameters is also included in Table 4.3-13 for comparison to the AST
parameters.

4.3.10.2.1 Source Term

The iodine and noble gas activity associated with the gas decay tank is presented in Table 4.3-2a. For
comparison to the AST parameters, the tank activities for CLB analyses are listed in Table 4.3-2b.The
iodine is assumed to be 100 percent elemental; however, the chemical species of iodine has no impact on
the calculation since no removal processes are modeled and the control room filters have the same
efficiencies for all forms of iodine.
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4.3.10.2.2 Release Model

As a result of the failure, all of the activity in the tank is assumed to be released to the atmosphere over a
period of 2 hours. A linear release model is used.

4.3.10.2.3 Control Room

The control room is not credited to isolate following a tank failure; therefore, the control room ventilation
remains in nonrial operation mode.

4.3.10.3 Acceptance Criteria

The EAB and LPZ dose acceptance criterion for a waste gas decay tank failure is 0.1 rem TEDE,
consistent with SRP BTP 11-5, which is the 10 CFR 20 limit. The control room dose acceptance criterion
is 5 rem TEDE per 10 CFR 50.67. The acceptance criterion for the TSC dose is 5 rem TEDE as allowed
by GDC 19, in accordance with Reference 4.

The EAB dose is calculated for the worst 2-hour interval. The LPZ dose is calculated until all releases are
terminated, which is at 2 hours. The control room and TSC doses are calculated for 30 days.

4.3.10.4 Results and Conclusions

The waste gas decay tank failure accident doses are listed below:

* EAB 0.090 rem TEDE
* LPZ 0.029 rein TEDE
* Control room 0.0 19 rem TEDE
0 TSC 0.0037 rem TEDE

The EAB dose reported is for the worst 2-hour interval, determined to be from 0 to 2 hours.

It is concluded that for a waste gas decay tank failure, the accident doses meet the applicable acceptance
criteria.

4.3.10.5 References

1. NRC, Regulatory Guide 1.183, Revision 0, "Alternative Radiological Source Terms for
Evaluating Design Basis Accidents at Nuclear Power Reactors," July 2000.

2. NRC, Regulatory Guide 1.24, "Assumptions Used for Evaluating the Potential Radiological
Consequences of a Pressurized Water Reactor Radioactive Gas Storage Tank Failure,"
March 1972.

3. NUREG-0800, Standard Review Plan Branch Technical Position 11-5, Revision 3, "Postulated
Radioactive Releases Due to a Waste Gas System Leak or Failure," March 2007.

4. Supplement 1 to NUREG-0737, "Clarification of TMI Action Plan Requirements: Requirements
for Emergency Response Capability," January 1983.
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4.3.11 Liquid Waste Tank Failure (USAR Chapter 15.7.2.5)

4.3.11.1 Introduction

The accident is defined as the uncontrolled atmospheric release from a recycle holdup tank or a
hypothetical tank containing a maximized quantity of iodine. Both tanks are analyzed to determine the
bounding liquid waste tank rupture from a dose perspective.

4.3.11.2 Input Parameters and Assumptions

This event is not discussed in RG 1.183 (Reference 1); however, RG 1.183 models are applied to this
analysis in conjunction with the current analysis of record presented in USAR Chapter 15.7.2.5. A
summary of input parameters and assumptions is provided in Table 4.3-14. A listing of the CLB
parameters is also included in Table 4.3-14 for comparison to the AST parameters.

4.3.11.2.1 Source Term

The source terms for the recycle holdup tank and hypothetical tank are presented in Table 4.3-2a. The
iodine is assumed to be 100 percent elemental; however, the chemical species of iodine has no impact on
the calculation since no removal processes are modeled and the control room filters have the same
efficiencies for all forms of iodine.

4.3.11.2.2 Release Model

As a result of the failure, all of the activity, in either the recycle holdup tank or hypothetical tank, is
assumed to be released to the atmosphere and become airborne over a period of 2 hours. A linear release
model is used. This model is used for both tank failures.

4.3.11.2.3 Control Room

The control room is not credited to isolate following a tank failure; therefore, the control room ventilation
remains in normal operation mode.

4.3.11.3 Acceptance Criteria

The EAB and LPZ dose acceptance criterion for a liquid waste tank failure is 0.1 rem TEDE, which is the
10 CFR 20 limit by applying the same basis of acceptance from Reference 2. The control room dose
acceptance criterion is 5 rem TEDE per 10 CFR 50.67. The acceptance criterion for the TSC dose is 5 rem
TEDE as allowed by GDC 19, in accordance with Reference 3.

The EAB doses are calculated for the worst 2-hour interval. The LPZ doses are calculated until all
releases are terminated, which is at 2 hours. The control room and TSC doses are calculated for 30 days.
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4.3.11.4 Results and Conclusions

The accident doses from both liquid waste tank failures are listed below.

Recycle holdup tank:

0

0

0

0

EAB
LPZ
Control room
TSC

0.028 rem TEDE
0.0088 rem TEDE
0.055 rem TEDE
0.0061 rem TEDE

Hypothetical tank maximizing iodine:

0

0

0

0

EAB
LPZ
Control room
TSC

0.050 rem TEDE
0.016 rem TEDE
0.24 rem TEDE
0.025 rem TEDE

The EAB doses reported are for the worst 2-hour interval, determined to be from 0 to 2 hours for both
tank rupture scenarios.

It is concluded that for a liquid waste tank failure, the accident doses meet the applicable acceptance

criteria.

4.3.11.5 References

1. NRC, Regulatory Guide 1. 183, Revision 0, "Alternative Radiological Source Terms for
Evaluating Design Basis Accidents at Nuclear Power Reactors," July 2000.

2. NRC Regulatory Issue Summary 2006-04, "Experience with Implementation of Alternative

Source Terms," March 2006.

3. Supplement 1 to NUREG-0737, "Clarification of TMI Action Plan Requirements: Requirements
for Emergency Response Capability," January 1983.

4.3.12 Fuel Handling Accident (USAR Chapter 15.7.4.5)

4.3.12.1 Introduction

A fuel assembly is assumed to be dropped and damaged during refueling, along with some of the fuel rods
from a neighboring assembly. Analysis of the accident is performed with assumptions selected so that the
results are bounding for the accident occurring either inside containment or in the fuel building. The

bounding activity pathway modeled releases of damaged fuel activity through the pool water to the
building air space and then to the environment without crediting containment isolation or filtration by the
fuel pool ventilation system.
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4.3.12.2 Input Parameters and Assumptions

The analysis of the FHA radiological consequences uses the analytical methods and assumptions outlined
in RG 1.183, Appendix B (Reference 1). A summary of input parameters and assumptions is provided in
Table 4.3-15. A listing of the CLB parameters is also included in Table 4.3-15 for comparison to the AST
parameters.

4.3.12.2.1 Source Term

The core fission product activity for an average assembly at a specified decay time is provided in
Table 4.3-15.:It is assumed that all fuel rods in the equivalent of 1.2 fuel assemblies are damaged to the
extent that all their gap activity is released. The assembly inventory is based on the assumption that the
subject fuel assembly has been operated at 1.65 times the core average power.

The decay time used in determining the inventory of the damaged rods is 76 hours. Thus, the analysis
supports the TS limit of 76 hours decay time prior to fuel movement.

The calculation uses the defined gap fractions in NUREG/CR-5009 (Reference 2) of 12 percent for 1-131,
30 percent for Kr-85, and 10 percent for all other iodines and noble gases as these gap fractions
correspond to high burnup fuel, which supports the conservative assumption that 100 percent of the rods
do not meet the burnup and kW/ft limits set forth in Footnote 11 of RG 1.183 (Reference 1).

RG 1.183 allows credit for an overall pool DF for iodine of 200 for a pool depth of 23 feet. Although not
explicitly discussed, the specified overall DF also applies to rod internal pressures up to 1500 psig. Both
of these criteria are met for this analysis. The overall DF is based on DFs of 285 for elemental iodine
and 1 for organic iodine and iodine chemical fractions of 99.85 percent for elemental iodine and
0.15 percent for organic iodine. Thus, the normalized split between elemental and organic iodine leaving
the pool is 70 percent for elemental iodine and 30 percent for organic iodine.

4.3.12.2.2 Release Model

All activity released from the fuel pool is assumed to be released to the atmosphere in 2 hours using a
linear release model. No credit is taken for spent fuel pool ventilation system operation for the FHA in the
fuel building. No credit is taken for isolation of containment for the FHA in containment. For these
conditions, the assumptions and parameters for a FHA inside containment are identical to those for an
FHA in the fuel building, and therefore, the radiological consequences are the same regardless of the
accident location.

4.3.12.2.3 Control Room

The analysis showed that an acceptable control room dose could be obtained without crediting the control
room switching to emergency mode operation, so the reported dose reflects this model.
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4.3.12.3 Acceptance Criteria

The EAB and LPZ dose acceptance criterion for a FHA is 6.3 rem TEDE per RG 1.183, which is
approximately 25 percent of the 10 CFR 50.67 limit. The control room dose acceptance criterion is 5 rem
TEDE per 10 CFR 50.67. The acceptance criterion for the TSC dose is 5 rem TEDE as allowed by
GDC 19, in accordance with Reference 3.

The EAB dose is calculated for the worst 2-hour interval. The LPZ dose is calculated until all releases are
terminated, which is at 2 hours. The control room and TSC doses are calculated for 30 days.

4.3.12.4 Results and Conclusions

The FHA doses are listed below:

* EAB 1.1 rem TEDE
0 LPZ 0.35 rem TEDE
* Control room 4.0 rem TEDE
* TSC 0.96 rem TEDE

The EAB dose reported is for the worst 2-hour interval, determined to be from 0 to 2 hours.

It is concluded that for a FHA, the accident doses meet the applicable acceptance criteria.

4.3.12.5 References

1. NRC, Regulatory Guide 1.183, Revision 0, "Alternative Radiological Source Terms for
Evaluating Design Basis Accidents at Nuclear Power Reactors," July 2000.

2. NUREG/CR-5009, "Assessment of the Use of Extended Burnup Fuel in Light Water Power
Reactors," February 1988.

3. Supplement 1 to NUREG-0737, "Clarification of TMI Action Plan Requirements: Requirements
for Emergency Response Capability," January 1983.
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Table 4.3-1a Core Activities and RCS and SG Coolant Activity Concentrations - AST

RCS Activity SG Activity
Isotope Core Activity (Ci) Concentration (jCi/gm) Concentration (ItCi/gm)

Kr-85m 2.69E+07 1.37E+00 0.0

Kr-85 1.1OE+06 7.51E+00 0.0

Kr-87 5.30E+07 8.94E-01 0.0

Kr-88 7.12E+07 2.47E+00 0.0

Xe-131rn 1.05E+06 2.81E+00 0.0

Xe-133m 6.06E+06 4.16E+00 0.0

Xe-133 2.01E+08 2.31E+02 0.0

Xe-135m 4.39E+07 4.62E-01 0.0

Xe-135 4.06E+07 6.1OE+00 0.0

Xe-138 1.80E+08 5.70E-01 0.0

1-130 1.98E+06 1.1 OE-02 1.1 OE-03

1-131 1.01E+08 7.77E-01 7.77E-02

1-132 1.49E+08 8.03E-01 8.03E-02

1-133 2.1OE+08 1. 19E+00 1.19E-01

1-134 2.36E+08 1.73E-01 1.73E-02

1-135 2.OOE+08 6.75E-01 6.75E-02

Cs- 134 1.65E+07 4.82E+00 4.82E-0I

Cs-136 3.95E+06 4.35E+00 4.35E-01

Cs- 137 1.11E+07 2.68E+00 2.68E-0I

Cs-138 1.96E+08 1.16E+00 1.16E-01

Rb-86 1.86E+05 4.33E-02 4.33E-03

Te- I 27m 1.49E+06 0.0 0.0

Te-127 9.09E+06 0.0 0.0

Te- 129m 5.04E+06 0.0 0.0

Te-129 2.66E+07 0.0 0.0

Te-131m 1.99E+07 0.0 0.0

Te-132 1.45E+08 0.0 0.0

Sb-127 9.23E+06 0.0 0.0

Sb-129 2.85E+07 0.0 0.0

Sr-89 9.98E+07 0.0 0.0

Sr-90 8.51E+06 0.0 0.0

Sr-91 1.25E+08 0.0 0.0

Sr-92 1.33E+08 0.0 0.0
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Table 4.3-1a Core Activities and RCS and SG Coolant Activity Concentrations - AST
(cont.)

RCS Activity SG Activity
Isotope Core Activity (Ci) Concentration (jiCi/gm) Concentration (pCi/gm)

Ba- 139 1.87E+08 0.0 0.0

Ba- 140 1.79E+08 0.0 0.0

Ru- 103 1.56E+08 0.0 0.0

Ru-105 1.08E+08 0.0 0.0

Ru- 106 4.79E+07 0.0 0.0

Rh- 105 1.00E+08 0.0 0.0

Mo-99 1.91E+08 0.0 0.0

Tc-99m 1.69E+08 0.0 0.0

Ce- 141 1.69E+08 0.0 0.0

Ce-143 1.59E+08 0.0 0.0

Ce- 144 1.30E+08 0.0 0.0

Pu-238 2.1OE+05 0.0 0.0

Pu-239 2.70E+04 0.0 0.0

Pu-240 4.20E+04 0.0 0.0

Pu-241 1.06E+07 0.0 0.0

Np-239 1.94E+09 0.0 0.0

Y-90 8.88E+06 0.0 0.0

Y-91 1.30E+08 0.0 0.0

Y-92 1.35E+08 0.0 0.0

Y-93 1.52E+08 0.0 0.0

Nb-95 1.76E+08 0.0 0.0

Zr-95 1.74E+08 0.0 0.0

Zr-97 1.75E+08 0.0 0.0

La- 140 1.85E+08 0.0 0.0

La- 142 1.64E+08 0.0 0.0

Nd-147 6.57E+07 0.0 0.0

Pr-143 1.55E+08 0.0 0.0

Am-241 9.94E+03 0.0 0.0

Cm-242 2.82E+06 0.0 0.0

Cm-244 2.11 E+05 0.0 0.0
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Table 4.3-1b Core Activities and RCS and SG Coolant Activity Concentrations - CLB

RCS Activity SG Activity
Isotope Core Activity (Ci) Concentration (ItCi/gm) Concentration (jiCi/gm)

1-131 9.460E+07 7.310E-01 7.310E-02

1-132 1.370E+08 8.190E-01 8.190E-02

1-133 1.950E+08 1.287E+00 1.287E-01

1-134 2.150E+08 1.960E-01 1.96E-02

1-135 1.830E+08 7.5 1OE-01 7.5 1E-02

Xe-131m 1.010E+06 3.410E+00 0.0

Xe-133m 6.060E+06 5.370E+00 0.0

Xe-133 1.950E+08 2.900E+02 0.0

Xe-135rm 3.770E+07 6.040E-01 0.0

Xe-135 4.700E+07 9.820E+00 0.0

Xe-137 1.710E+08 2.240E-01 0.0

Xe-138 1.640E+08 8.150E-01 0.0

Kr-83m 1.240E+07 5.540E-01 0.0

Kr-85m 2.670E+07 2.260E+00 0.0

Kr-85 1.020E+06 9.410E+00 0.0

Kr-87 5.160E+07 1.470E+00 0.0

Kr-88 7.280E+07 4.260E+00 0.0

Kr-89 8.940E+07 1.21E-01 0.0
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Table 4.3-1c Core Activities and RCS and SG Coolant Activity Concentrations for SGTR - CLB

RCS Activity Concentration SG Activity Concentration
Isotope (itCi/gm) (tCi/gm)

1-131 0.7518 0.07518

1-132 0.8431 0.08431

1-133 1.3237 0.13237

1-134 0.2019 0.02019

1-135 0.7733 0.07733

Xe-131m 3.41 1.07E-04

Xe-133m 5.37 1.73E-04

Xe-133 290.0 9.12E-03

Xe-135m 0.604 8.62E-05

Xe-135 9.82 3.20E-04

Xe-137 0.224 6.90E-06

Xe-138 0.815 2.55E-05

Kr-83m 0.554 1.92E-05

Kr-85m 2.26 7.1OE-05

Kr-85 9.41 2.96E-04

Kr-87 1.47 4.62E-05

Kr-88 4.26 1.34E-04

Kr-89 0.121 3.71E-06
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Table 4.3-2a Tank Activities - AST

Waste Gas Decay Tank Recycle Holdup Tank Hypothetical Tank to
Isotope (Ci) (Ci) Maximize Iodine (Ci)

Kr-85m 1.49E+02 4.OOE+00 0.0

Kr-85 5.52E+03 1.69E+03 0.0

Kr-87 3.OOE+01 7.34E-01 0.0

Kr-88 1.79E+02 4.49E+00 0.0

Xe-131ni 1.07E+03 3.67E+02 0.0

Xe-133m 1.27E+03 1.44E+02 0.0

Xe-133 8.12E+04 1.79E+04 0.0

Xe-135m 5.97E+01 1.09E-01 0.0

Xe-135 1.02E+03 3.64E+01 0.0

Xe-138 4.06E+00 8.74E-02 0.0

1-130 0.0 6.36E-03 2.75E-03

1-131 3.99E-02 5.83E+00 2.75E+01

1-132 2.30E-02 8.52E-02 7.1OE-03

1-133 4.28E-02 1.15E+00 8.07E-0 1

1-134 4.96E-03 7.04E-03 2.26E-04

1-135 1.94E-02 2.07E-01 4.88E-02
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Table 4.3-2b Tank Activities - CLB

Waste Gas Decay Tank Recycle Holdup Tank Hypothetical Tank to
Isotope (Ci) (Ci) Maximize Iodine (Ci)

1-131 4.02E-02 4.96E+00 1.92E+01

1-132 0.0 7.90E-02 0.0

1-133 3.50E-02 1.13E+00 7.46E-03

1-134 0.0 7.25E-03 0.0

1-135 1.39E-02 2.09E-01 7.91E-09

Kr-83m 2.26E+01 5.02E-01 0

Kr-85rn 1.85E+02 4.93E+00 0

Kr-85 4.75E+03 1.59E+03 0

Kr-87 3.64E+01 9.06E-01 0

Kr-88 2.25E+02 5.80E+00 0

Kr-89 1.76E-01 3.1OE-03 0

Xe-131rn 9.05E+02 3.35E+02 0

Xe- 133m 1. 14E+03 1.40E+02 0

Xe-133 7.09E+04 1.68E+04 0

Xe-135m 5.99E+01 1.06E-01 0

Xe-135 1. 15E+03 4.40E+01 0

Xe-137 3.42E-01 6.97E-03 0

Xe-138 4.40E+00 9.38E-02 0
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Table 4.3-3a Dose Conversion Factors - AST

CEDE EDE
Isotope (Sievert/Becquerel [Sv/Bq]) (Sv-m 3/Bq-sec)

Kr-85m N/A 7.48E- 15

Kr-85 N/A 1.19E- 16

Kr-87 N/A 4.12E-14

Kr-88 N/A 1.02E-13

Xe-131m N/A 3.89E-16

Xe-133m N/A 1.37E-15

Xe-133 N/A 1.56E-15

Xe-135m N/A 2.04E- 14

Xe-135 N/A 1.19E-14

Xe-138 N/A 5.77E- 14

1-130 7.14E-10 1.04E-13

1-131 8.89E-09 1.82E-14

1-132 1.03E-10 1.12E-13

1-133 1.58E-09 2.94E-14

1-134 3.55E-1I 1.30E-13

1-135 3.32E-10 7.98E-14

Cs- 134 1.25E-08 7.57E-14

Cs-136 1.98E-09 1.06E-13

Cs-137 8.63E-09 2.88E-14

Cs-138 2.74E-1I 1.21E-13

Rb-86 1.79E-09 4.81E-15

Te- 127m 5.81E-09 1.47E- 16

Te- 127 8.60E- 11 2.42E- 16

Te- 129m 6.47E-09 1.55E-15

Te-129 2.42E-11 2.75E-15

Te-13 1m 1.73E-09 7.01E-14

Te-132 2.55E-09 1.03E-14

Sb- 127 1.63E-09 3.33E-14

Sb-129 1.74E-10 7.14E-14

Sr-89 1.12E-08 7.73E-17

Sr-90 3.51E-07 7.53E- 18

Sr-91 4.49E- 10 3.45E-14

Sr-92 2.18E- 10 6.79E-14
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Table 4.3-3a Dose Conversion Factors - AST
(cont.)

CEDE
Isotope (Sievert/Becquerel [Sv/Bq]) EDE (Sv-m 3/Bq-sec)

Ba-139 4.64E-I 1 2.17E-15

Ba- 140 1.01E-09 8.58E- 15

Ru- 103 2.42E-09 2.25E-14

Ru-105 1.23E-10 3.81E-14

Ru- 106 1.29E-07 0.0

Rh- 105 2.58E-10 3.72E- 15

Mo-99 1.07E-09 7.28E- 15

Tc-99m 8.80E- 12 5.89E- 15

Ce- 141 2.42E-09 3.43E- 15

Ce-143 9.16E-10 1.29E-14

Ce- 144 1.01E-07 8.53E-16

Pu-238 1.06E-04 4.88E-18

Pu-239 1.16E-04 4.24E-18

Pu-240 1.16E-04 4.75E-18

Pu-241 2.23E-06 7.25E-20

Np-239 6.78E-10 7.69E- 15

Y-90 2.28E-09 1.90E-16

Y-91 1.32E-08 2.60E- 16

Y-92 2.1 IE-10 1.30E-14

Y-93 5.82E- 10 4.80E- 15

Nb-95 1.57E-09 3.74E-14

Zr-95 6.39E-09 3.60E-14

Zr-97 1.17E-09 9.02E-15

La-140 1.31E-09 1.17E-13

La- 142 6.84E-11 1.44E- 13

Nd- 147 1.85E-09 6.19E-15

Pr-143 2.19E-09 2.1OE-17

Am-241 1.20E-04 8.18E- 16

Cm-242 4.67E-06 5.69E- 18

Cm-244 6.70E-05 4.91E-18
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Table 4.3-3b Dose Conversion Factors - CLB

Isotope Thyroid (rem/ci) Whole Body (rem-m3/ci-sec) Beta Skin (rem-m 3/ci-sec)(')

1-131 1.49E+06 8.72E-02 3.17E-02

1-132 1.43E+04 5.13E-01 1.32E-01

1-133 2.69E+05 1.55E-01 7.35E-02

1-134 3.73E+03 5.32E-01 9.23E-02

1-135 5.60E+04 4.21 E-0 I 1.29E-0 1

Kr-83m N/A 2.40E-06 0.00E+00

Kr-85m N/A 7.1OE-03 4.63E-02

Kr-85 N/A 5.11 E-04 4.25E-02

Kr-87 N/A 1.88E-01 3.09E-01

Kr-88 N/A 4.67E-01 7.52E-02

Kr-89 N/A 5.27E-01 3.20E-01

Xe-131m N/A 2.91E-03 1.51E-02

Xe- 133m N/A 7.97E-03 3.15E-02

Xe-133 N/A 9.33E-03 9.70E-03

Xe-135mn N/A 9.9 1E-02 2.25E-02

Xe-135 N/A 5.75E-02 5.90E-02

Xe-137 N/A 4.5 1E-02 3.87E-01

Xe-138 N/A 2.80E-01 1.31E-01

Note:
1. Only applicable to Waste Gas Decay Tank Failure and FHA for control room habitability
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Table 4.3-3c Dose Conversion Factors (LOCA & SGTR) - CLB

Isotope Thyroid (rem/ci) Whole Body (rem-m 3/ci-sec) Beta Skin (rem-m 3/ci-sec)"')

1-131 1.08E+06 6.73E-02 3.17E-02

1-132 6.44E+03 4.14E-0 1 1.32E-01

1-133 1.80E+05 1.09E-01 7.35E-02

1-134 1.07E+03 4.81 E-0 1 9.23E-02

1-135 3.13E+04 2.95E-01 1.29E-01

Kr-83m 0.OOE+00 5.55E-06 0.OOE+00

Kr-85m 0.OOE+00 2.77E-02 4.63E-02

Kr-85 0.OOE+00 4.40E-04 4.25E-02

Kr-87 0.OOE+00 1.52E-01 3.09E-01

Kr-88 O.OOE+00 3.77E-01 7.52E-02

Kr-89 0.OOE+00 3.23E-01 3.20E-01

Xe- 131 m 0.OOE+00 1.44E-03 1.51 E-02

Xe- 133m 0.OOE+00 5.07E-03 3.15E-02

Xe-133 0.OOE+00 5.77E-03 9.70E-03

Xe-135m 0.OOE+00 7.55E-02 2.25E-02

Xe-135 O.OOE+00 4.40E-02 5.90E-02

Xe-137 0.OOE+00 3.03E-02 3.87E-01

Xe-138 0.OOE+00 2.13E-01 1.3 1E-01

Note:
I. Only applicable to LOCA
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Table 4.3-4a Offsite Breathing Rates - AST

Time Offsite Breathing Rate (m3/sec)

0 - 8 hours 3.5E-04

8 - 24 hours 1.8E-04

> 24 hours 2.3E-04

Table 4.3-4b Offsite Breathing Rates - CLB

Time Offsite Breathing Rate (m3/sec)

0 - 2 hours 3.47E-04

2 - 8 hours 3.47E-04

8 - 24 hours 1.75E-04

24 - 96 hours 2.32E-04

96 - 720 hours 2.32E-04

Table 4.3-4c Core Activity at end of cycle - CLB

Isotope Activity (Ci)

1-131 9.460E+07

1-132 1.370E+08

1-133 1.950E+08

1-134 2.150E+08

1-135 1.830E+08

Kr-83rn 1.240E+07

Kr-85m 2.670E+07

Kr-85 1.020E+06

Kr-87 5.160E+07

Kr-88 7.280E+07

Kr-89 8.940E+07

Xe-131m 1.010E+06

Xe-133m 6.060E+06

Xe- 133 1.950E+08

Xe-135m 3.770E+07

Xe- 135 4.700E+07

Xe-137 1.710E+08

Xe- 138 1.640E+08
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Table 4.3-5 Control Room and Control Building Parameters

AST CLB

Control room volume (ft3) 100,000 100,000

Control building volume (ft3) 239,000 239,000

Normal ventilation flow rates (cfmn)

Unfiltered makeup flow rate from environment to control building 13,050 13,050

Unfiltered makeup flow rate from environment to control room 1950 1950

Unfiltered inleakage to control room 50 10

Emergency mode flow rates prior to operator action (cfm)

Filtered makeup flow rate from environment to control building 1350 1350

Filtered makeup flow rate from control building to control room 550 550

Unfiltered makeup flow rate from environment to control building 400 300

Unfiltered makeup flow rate from control building to control room 550 550

Unfiltered inleakage to control room 50 20

Filtered control room recirculation flow 1250 1250

Emergency mode flow rates following operator action (cfm)

Filtered makeup flow rate from environment to control building 675 675

Filtered makeup flow rate from control building to control room 550 550

Unfiltered makeup flow rate from environment to control building 400 300

Unfiltered makeup flow rate from control building to control room 0 0

Unfiltered inleakage to control room 50 20

Filtered control room recirculation flow 1250 1250

Operator action time to terminate failed train of filtered makeup flow 90 90
from start of event (minutes)

Filter efficiencies (%)

Elemental iodine 95 95

Organic iodine 95 95

Particulates 95 95

Isolation setpoint for R-23 detector (giCi/cc Xe- 133) 1.35E-03 N/A

Delay to switch to emergency mode operation following receipt of 60 N/A
isolation signal (seconds)

Control room breathing rate for duration of the event (m3/sec) 3.5E-04 3.47E-04

Control room occupancy factors

0 - 24 hours 1.0 1.0

1 - 4 days 0.6 0.6

4 - 30 days 0.4 0.4
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Table 4.3-6 Assumptions Used for Main Steamline Break Analysis

AST CLB

RCS activity See Table 4.3-la See Table 4.3-lb

Initial secondary system activity See Table 4.3-la See Table 4.3-lb

Pre-accident iodine spike factor 60 60

Accident-initiated iodine spike appearance rate calculations

Letdown flow, maximum (gpm) 132 75

Letdown flow decontamination (%) 100 N/A

RCS leakage (gpm) 11 1

Spike factor 500 500

Duration of accident-initiated iodine spike (hr) 8 8

RCS mass, maximum (Ibm) 8.42E+05 4.94E+05

Equilibrium appearance rates (Ci/min)

1-130 9.87E-03 N/A

1-131 4.39E-01 N/A

1-132 1.98E+00 N/A

1-133 8.93E-01 N/A

1-134 9.65E-01 N/A

1-135 8.17E-01 N/A

Iodine chemical form of releases (%)

Elemental 97 N/A

Organic 3 N/A

Particulate 0 N/A

Approximate timing of events

Safety injection (SI) signal (sec) 30 N/A

Control room isolation (including delay) (sec) 90 N/A

Faulted SG releases all initial activity (min) 2 N/A

RHR cooling takes over (releases from intact SGs terminated) (hr) 12 N/A

RCS cooled below 212'F (releases from faulted SG terminated) (hr) 34 N/A

Mass transfer data

Initial faulted SG release (in first 2 minutes) (Ibm) 165,000 164,500

Total primary-to-secondary leakage

Leakage through faulted SG to atmosphere (gpm) 1 I

Leakage into intact SGs (gpd, total) 450 N/A

Steam Released from Intact SGs to Atmosphere

0 to 2 hours (Ibm) 419,340 404,452

2 to 12 hours (Ibm) 1,310,269 945,973
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Table 4.3-6 Assumptions Used for Main Steamline Break Analysis

(cont.)

AST CLB

RCS Mass, Minimum (Ibm) 3.99E+05 4.94E+05

CLB does not
use maximum
and minimum

Faulted SG Mass, Maximum (Ibm) 1.65E+05 164,500

Intact SGs Mass, Minimum (Ibm, Total) 2.47E+05 286,500

SG iodine water/steam partition coefficient 100 100

Moisture carryover (%) 0.25 0.25

Control room atmospheric dispersion factors (sec/mi3)

Intact SGs

0 - 2 hours 1.04E-03 N/A

2 - 8 hours 7.46E-04 N/A

8 - 24 hours 3.03E-04 N/A

24 - 96 hours 1.90E-04 N/A

96 - 720 hours 1.39E-04 N/A

Faulted SG

0 - 2 hours 6.12E-04 N/A

2 - 8 hours 4.38E-04 N/A

8 - 24 hours 1.79E-04 N/A

24 - 96 hours 1.14E-04 N/A

96 - 720 hours 8.94E-05 N/A

TSC atmospheric dispersion factors (sec/mi3)

Intact SGs

0 - 2 hours 4.83E-04 N/A

2 - 8 hours 2.58E-04 N/A

8 - 24 hours 9.63E-05 N/A

24 - 96 hours 6.45E-05 N/A

96 - 720 hours 4.89E-05 N/A

Faulted SGs

0 - 2 hours 2.80E-04 N/A

2 - 8 hours 1.80E-04 N/A

8 - 24 hours 6.44E-05 N/A

24 - 96 hours 4.42E-05 N/A

96 - 720 hours 3.22E-05 N/A
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Table 4.3-7 Assumptions Used for Loss of Non-Emergency AC Power Analysis

AST CLB

RCS activity See Table 4.3-la See Table 4.3-1b

Initial secondary system activity See Table 4.3-la See Table 4.3-lb

Accident-initiated iodine spike appearance rate calculations

Letdown flow, maximum (gpm) 132 75

Letdown flow decontamination (%) 100 N/A

RCS leakage (gpm) 11 1

Spike factor 500 N/A

Duration of accident-initiated iodine spike (hr) 8 N/A

RCS mass, maximum (Ibm) 8.42E+05 4.94E+05
CLB does not

use max and min

Equilibrium appearance rates (Ci/min)

1-130 9.87E-03 N/A

1-131 4.39E-01 N/A

1-132 1.98E+00 N/A

1-133 8.93E-01 N/A

1-134 9.65E-01 N/A

1-135 8.17E-01 N/A

Iodine chemical form of releases (%)

Elemental 97 N/A

Organic 3 N/A

Particulate 0 N/A

Time RHR cooling matched decay heat (SG releases terminated) (hr) 12 8

Mass transfer data

Total primary-to-secondary leakage (gpm) 1 1

Steam released from SGs to atmosphere

0 to 2 hours (Ibm) 419,846 549,000

2 to 12 hours (Ibm) 1,352,918 1,030,000

RCS mass, minimum (Ibm) 3.99E+05 4.94E+05
CLB does not

use max and min
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Table 4.3-7 Assumptions Used for Loss of Non-Emergency AC Power Analysis

(cont.)

Plant total SG mass, minimum (Ibm) AST CLB

Until 2 hours (lbm) 3.30E+05 382,000

After 2 hours (Ibm) 4.85E+05 382,000

SG iodine water/steam partition coefficient 100 100

Moisture carryover (%) 0.25 0.25

Control room isolation None N/A

Control room atmospheric dispersion factors (sec/m 3)

0 - 2 hours 1.04E-03 N/A

2 - 8 hours 7.46E-04 N/A

8 - 24 hours 3.03E-04 N/A

24 - 96 hours 1.90E-04 N/A

96 - 720 hours 1.39E-04 N/A

TSC atmospheric dispersion factors (sec/mi3)

0 - 2 hours 4.83E-04 N/A

2 - 8 hours 2.58E-04 N/A

8 - 24 hours 9.63E-05 N/A

24 - 96 hours 6.45E-05 N/A

96 - 720 hours 4.89E-05 N/A
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Table 4.3-8 Assumptions Used for Locked Rotor Analysis

AST CLB

Core activity See Table 4.3-la See Table 4.3-1b

Failed fuel (% of Core) 5 5

Melted fuel (% of Core) 0 0

Peaking factor 1.65 1.65

Gap fractions

1-131 0.08 0.12

Kr-85 0.10 0.30

Other iodines and noble gases 0.05 0.10

Iodine chemical form of releases (%)

Elemental 97 N/A

Organic 3 N/A

Particulate 0 N/A

Time RHR cooling matched decay heat (SG releases terminated) (hr) 12 8

Mass transfer data

Total primary-to-secondary leakage (gpm) I I

Steam released from SGs to atmosphere

0 to 2 hours (lbm) 419,846 5.49E+05

2 to 12 hours (Ibm) 1,352,918 1.03E+06

RCS mass, minimum (Ibm) 3.99E+05 4.94E+05

Plant total SG mass, minimum (Ibm)

Until 2 hours (Ibm) 3.30E+05 3.82E+05

After 2 hours (Ibm) 4.85E+05 3.82E+05

SG iodine water/steam partition coefficient 100 100

Moisture carryover (%) 0.25 0.25

Control room isolation None N/A

Control room atmospheric dispersion factors (sec/mn3 )

0 - 2 hours 1.04E-03 N/A

2 - 8 hours 7.46E-04 N/A

8 - 24 hours 3.03E-04 N/A

24 - 96 hours 1.90E-04 N/A

96 - 720 hours 1.39E-04 N/A

TSC atmospheric dispersion factors (sec/mi3)

0 - 2 hours 4.83E-04 N/A

2 - 8 hours 2.58E-04 N/A

8 - 24 hours 9.63E-05 N/A

24 - 96 hours 6.45E-05 N/A

96 - 720 hours 4.89E-05 N/A
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Table 4.3-9 Assumptions Used for Rod Ejection Analysis

AST CLB

Core activity See Table 4.3-la See Table 4.3-lb

Failed fuel (% of core) 10 10

Melted fuel (% of core) 0.25 0.25

Peaking factor 1.65 1.65

Gap fractions

lodines and noble gases 0.10 0.10

Alkali metals 0.12 N/A

Containment Leakage

Activity released to containment from failed fuel (%)

lodines and noble gases 10 10

Alkali metals 12 N/A

Activity released to containment from melted fuel (%)

lodines and alkali metals 50 50

Noble gas 100 100

Iodine chemical form of releases (%)

Elemental 4.85 91

Particulate 95 5

Organic 0.15 4

Containment leak rates (weight %/day)

0 - 24 hours 0.2 0.2

1 - 30 days 0.1 0.1

Containment volume (ft3) 2.5E+06 2.5E+06

Removal of airborne activity in containment (other than leakage or None None
decay)

SI signal (see) 150 N/A

Time of control room isolation (including delays) (see) 210 N/A

Control room atmospheric dispersion factors (sec/m 3)

0 - 2 hours 5.44E-04 N/A

2 - 8 hours 4.35E-04 N/A

8 - 24 hours 1.62E-04 N/A

24 - 96 hours 1.22E-04 N/A

96 - 720 hours 8.70E-05 N/A
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Table 4.3-9 Assumptions Used for Rod Ejection Analysis
(cont.)

AST CLB

TSC atmospheric dispersion factors (sec/m 3)

0 - 2 hours 3.91E-04 N/A

2 - 8 hours 2.66E-04 N/A

8 - 24 hours 9.62E-05 N/A

24 - 96 hours 7.05E-05 N/A

96 - 720 hours 5.52E-05 N/A

Primary-to-Secondary Leakage

Activity released to RCS from failed fuel (%)

lodines and noble gases 10 10

Alkali metals 12 N/A

Activity released to RCS from melted fuel (%)

lodines and alkali metals 50 50

Noble gas 100 100

Iodine chemical form of releases (%)

Elemental 97 N/A

Organic 3 N/A

Particulate 0 N/A

Time RHR cooling matched decay heat (SG releases terminated) (hr) 12 8

Mass transfer data

Total primary-to-secondary leakage (gpm) 1 I

Steam released from SGs to atmosphere

0 to 2 hours (Ibm) 419,846 48,600 (140 see)

2 to 12 hours (Ibm) 1,352,918 N/A

RCS mass, minimum (Ibm) 3.99E+05 4.94E+05

Plant total SG mass, minimum (Ibm)

Until 2 hours (Ibm) 3.30E+05 4.16E+05

After 2 hours (Ibm) 4.85E+05 4.16E+05

SG iodine water/steam partition coefficient 100 100

Moisture carryover (%) 0.25 0.25

Control room isolation None N/A
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Table 4.3-9 Assumptions Used for Rod Ejection Analysis
(cont.)

AST CLB

Control room atmospheric dispersion factors (sec/m 3)

0 - 2 hours 1.04E-03 N/A

2 - 8 hours 7.46E-04 N/A

8 - 24 hours 3.03E-04 N/A

24 - 96 hours 1.90E-04 N/A

96 - 720 hours 1.39E-04 N/A

TSC atmospheric dispersion factors (sec/mr3)

0 - 2 hours 4.83E-04 N/A

2 - 8 hours 2.58E-04 N/A

8 - 24 hours 9.63E-05 N/A

24 - 96 hours 6.45E-05 N/A

96 - 720 hours 4.89E-05 N/A
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Table 4.3-10 Assumptions Used for Letdown Line Break Analysis

AST CLB

RCS activity See Table 4.3-la See Table 4.3-lb

Accident-initiated iodine spike appearance rate calculations

Letdown flow, maximum (gpm) 132 195

Letdown flow decontamination (%) 100 N/A

RCS leakage (gpm) 11 N/A

Spike factor 500 N/A

Duration of accident-initiated iodine spike (hr) 8 N/A

Reactor coolant mass, maximum (Ibm) 8.42E+05 4.94E+05

Equilibrium appearance rates (Ci/min)

1-130 9.87E-03 N/A

1-131 4.39E-01 N/A

1-132 1.98E+00 N/A

1-133 8.93E-01 N/A

1-134 9.65E-01 N/A

1-135 8.17E-0I N/A

Iodine chemical form of releases (%)

Elemental 97 N/A

Organic 3 N/A

Particulate 0 N/A

Reactor coolant mass, minimum (Ibm) 3.99E+05 N/A

Flow rate out of broken line (gpm) 141 141

Iodine and alkali metal airborne fraction 0.18 N/A

Maximum RCS letdown pressure (psig) 600 2200

Maximum RCS letdown temperature (°F) 380 286

Time to isolate break flow (terminating releases) (min) 30.167 30.167

Control room isolation None N/A

Control room atmospheric dispersion factor (sec/mi3) N/A

0 - 2 hours 6.12E-04 N/A

TSC atmospheric dispersion factor (sec/m 3)

0 - 2 hours 2.80E-04 N/A
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Table 4.3-11 Assumptions Used for SGTR Dose Analysis

AST CLB

RCS activity See Table 4.3-la See Table 4.3-1c

Initial secondary system activity See Table 4.3-1a See Table 4.3-1c

Pre-accident iodine spike factor 60 60

Accident-initiated iodine spike appearance rate calculations

Letdown flow, maximum (gpm) 132 120

Letdown flow decontamination (%) 100 N/A

RCS leakage (gpm) 11 1

Spike factor 335 335

Reactor coolant mass, maximum (Ibm) 8.42E+05 5.05E+5

Duration of accident-initiated iodine spike (hr) 8 8

Equilibrium appearance rates (Ci/min)

1-130 9.87E-03 N/A

1-131 4.39E-01 3.54E- 1

1-132 1.98E+00 1.36E+00

1-133 8.93E-01 7.72E+00

1-134 9.65E-01 7.02E-01

1-135 8.17E-01 6.63E-01

Iodine chemical form of releases (%)

Elemental 97 N/A

Organic 3 N/A

Particulate 0 N/A

Approximate timing of events (see) See Table 2.7.3-
2 in Enclosure I

of this LAR (For
dose input, N/A
exclude the
100 seconds of
steady-state
operation.)

Time of control room isolation (including delay) (see) 385 N/A
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Table 4.3-11 Assumptions Used for SGTR Dose Analysis
(cont.)

AST CLB

Transient mass transfer data

Non-flashed break flow (Ibm)

0 - 52 seconds 2227.5 N/A

52 - 1102 seconds 43,129.9 N/A

1102 - 2902 seconds 88,387.2 N/A

2902 - 3502 seconds 32,991.2 N/A

3502 - 3846 seconds 18,224.8 N/A

3846 - 5155 seconds 61,523.0 N/A

5155 - 7527 seconds 41,166.4 N/A

Flashed break flow (Ibm)

0 - 52 seconds 438.9 N/A

52 - 1102 seconds 2,901.8 N/A

1102 - 2902 seconds 13,432.1 N/A

2902 - 3502 seconds 2,635.6 N/A

3502 - 3846 seconds 606.1 N/A

Steam released from ruptured SG (Ibm)

0 - 52 seconds 188,100 N/A

52 - 1102 seconds 27,469.2 N/A

1102 - 2902 seconds 149,850.8 N/A

2902 - 7527 seconds 0 N/A

7527 - 43,200 seconds 2530 N/A

Steam released from intact SGs (Ibm)

0 - 52 seconds 562,650 N/A

52 - 1102 seconds 69,877.5 N/A

1102 - 3502 seconds 0 N/A

3502 - 3846 seconds 94,307.4 N/A

3846 - 5155 seconds 130,799.9 N/A

5155 - 7527 seconds 98,156.3 N/A

7527 - 43,200 seconds 1,645,930 N/A

Reactor coolant mass, minimum (Ibm) 3.99E+05 5.05E+05
CLB does not use

max and rain

Ruptured SG mass, minimum (Ibm) 7.OOE+04 N/A
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Table 4.3-11 Assumptions Used for SGTR Dose Analysis
(cont.)

AST CLB

Intact SGs mass, minimum (Ibm, total) 1.95E+05 N/A

Condenser iodine and alkali metal removal factor 100 N/A

SG iodine water/steam partition coefficient 100 N/A

Moisture carryover (%) 0.25 0.25

Control room atmospheric dispersion factors (sec/mr3)

0 - 2 hours 1.04E-03 N/A

2 - 8 hours 7.46E-04 N/A

8 - 24 hours 3.03E-04 N/A

24 - 96 hours 1.90E-04 N/A

96 - 720 hours 1.39E-04 N/A

TSC atmospheric dispersion factors (sec/mr3)

0 - 2 hours 4.83E-04 N/A

2 - 8 hours 2.58E-04 N/A

8 - 24 hours 9.63E-05 N/A

24 - 96 hours 6.45E-05 N/A

96 - 720 hours 4.89E-05 N/A
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Table 4.3-12 Assumptions Used for LOCA Analysis

AST CLB

Core activity (containment leakage, ECCS leakage, and See Table 4.3- l a See Table 4.3-1 b
RWST back-leakage)

RCS activity (containment purge) See Table 4.3-la See Table 4.3-lb

Fuel release fractions and timing 100% of the core
activity is released

immediately following
event initation

Gap Early In- Gap Early In-
Release Vessel Release Vessel
Phase Phase Phase Phase

Nuclide Group Fraction Fraction Fraction Fraction

Noble gases 0.05 0.95 N/A N/A

Iodines 0.05 0.35 N/A N/A

Alkali metals 0.05 0.25 N/A N/A

Tellurium metals 0.00 0.05 N/A N/A

Barium and strontium 0.00 0.02 N/A N/A

Noble metals 0.00 0.0025 N/A N/A

Cerium 0.00 0.0005 N/A N/A

Lanthanides 0.00 0.0002 N/A N/A

Duration of phases

Phase Onset Duration Onset Duration

Gap release 30 sec 0.49167 hr N/A N/A

Early in-vessel 0.5 hr 1.3 hr N/A N/A

SI signal (sec) 0 N/A

Time of control room isolation (including delays) (sec) 120 0

Containment Leakage

Iodine chemical form of releases (%)

Elemental 4.85 91

Organic 0.15 4

Particulate 95 5

Containment volume, maximum (ft3) 2.7E+06 2.5E+06

% Sprayed 85 85

% Unsprayed 15 15
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Table 
4.3-12 

Assumptions 

Used 
for LOCA 

Analysis

(cont.)

WESTINGHOUSE NON-PROPRIETARY CLASS 3 4-96

Table 4.3-12 Assumptions Used for LOCA Analysis
(cont.)

AST CLB

Mixing between sprayed and unsprayed containment volumes 6.94E+04 8.50E+04
(cfm)

Start of fan cooler mixing (rmin) 2 N/A

Containment leak rates (weight %Iday)

0 - 24 hours 0.2 0.2

1 - 30 days 0.1 0.1

Spray timing

Initiation (min) 2 0

Termination (hr) 5 720

Spray removal coefficients

Organic iodine spray removal coefficient (hr -) 0.0 0.0

Elemental iodine spray removal coefficient calculations

Spray removal coefficient (hr -1), DF < 200 10 10

Gas phase mass transfer coefficient (m/min) 3 N/A

Time of fall of the spray drops (min) 0.146 N/A

Volume flow rate of sprays (m3/hr) 658.66 711.13

Containment sprayed volume (M
3
) 6.5E+04 6.OE+04

Mass-mean diameter of the spray drops (m) 0.00116 N/A

Particulate spray removal coefficient calculations

Spray removal coefficient (hr '), DF < 50 5 0.45
(Used DFs up to 100)

Spray removal coefficient (hr '), DF > 50 0.5 N/A

Drop fall height (m) 35.966 36.017

Volume flow rate of sprays (m3/hr) 658.66 711.13

Containment sprayed volume (mi3) 6.5E+04 6.OE+04

Ratio of dimensionless collection efficiency to average
spray drop diameter

Prior to DF of 50 (m -) 10 N/A

After DF of 50 (re-) 1 N/A

Particulate sedimentation removal coefficient (hr'), DF < 0.1 N/A
1000
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Table 
4.3-12 

Assumptions 

Used 
for LOCA 

Analysis

(cont.)Table 4.3-12 Assumptions Used for LOCA Analysis
(cont.)

AST CLB

pH of sump >7.0 > 8.5

Control room atmospheric dispersion factors (sec/m 3)

0 - 2 hours 5.44E-04 5.30E-04

2 - 8 hours 4.35E-04 5.30E-04

8 - 24 hours 1.62E-04 3.6E-04

24 - 96 hours 1.22E-04 6.60E-05

96 - 720 hours 8.70E-05 0

TSC atmospheric dispersion factors (sec/mr3)

0 - 2 hours 3.91E-04 2.2E-04

2 - 8 hours 2.66E-04 2.2E-04

8 - 24 hours 9.62E-05 1.1 7E-04

24 - 96 hours 7.05E-05 2.04E-05

96 - 720 hours 5.52E-05 0

ECCS Leakage

Iodine chemical form of releases (%)

Elemental 97 N/A

Organic 3 N/A

Particulate 0 N/A

Sump volume (gal) 4.60E+05 4.60E+05

Time to initiate ECCS recirculation (min) 0 28.2

ECCS leakage to auxiliary building (gpm) 2 2

Iodine airborne fraction 0.10 0.10

Auxiliary building exhaust filter efficiency (all forms of 90 90
iodine) (%)

Control room atmospheric dispersion factors (sec/m 3)

0 - 2 hours 6.12E-04 1.1OE-04

2 - 8 hours 4.38E-04 1.1OE-04

8 - 24 hours 1.79E-04 6.80E-05

24 - 96 hours 1.14E-04 1.70E-05

96 - 720 hours 8.94E-05 0

August 2013
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 4-98
WESTINGHOUSE NON-PROPRIETARY CLASS 3 4-98

Table 4.3-12 Assumptions Used for LOCA Analysis
(cont.)

AST CLB

TSC atmospheric dispersion factors (sec/m 3)
0 - 2 hours 2.80E-04 2.2E-04

2 - 8 hours 1.80E-04 2.2E-04

8 - 24 hours 6.44E-05 1.1 7E-04

24 - 96 hours 4.42E-05 2.04E-05

96 - 720 hours 3.22E-05 0

RWST Back-Leakage

RWST initial gas volume, minimum (gal) 3.54E+05 N/A

Time to initiate ECCS recirculation (min) 0 28.2

ECCS leakage to RWST (gpm) 3.8 3.8

Iodine airborne fraction 0.10 0.10

Release from RWST gas space (gpm) 3.8 3.8

Iodine chemical form of releases (%)

Elemental 97 91

Organic 3 4

Particulate 0 5

Control room atmospheric dispersion factors (sec/mr3)

0 - 2 hours 6.80E-04 1.1OE-04

2 - 8 hours 6.19E-04 1.1OE-04

8 - 24 hours 2.27E-04 6.80E-05

24 - 96 hours 1.96E-04 1.70E-05

96 - 720 hours 1.53E-04 0

TSC atmospheric dispersion factors (sec/m 3)

0 - 2 hours 1.87E-04 2.2E-04

2 - 8 hours 1.25E-04 2.2E-04

8 - 24 hours 4.51E-05 1.17E-04

24 - 96 hours 3.33E-05 2.04E-05

96 - 720 hours 2.61E-05 0
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Table 4.3-12 Assumptions Used for LOCA Analysis
(cont.)

AST CLB

Containment Purge

RCS activity released (%) 100 100

Iodine chemical form of releases (%)

Elemental 97 91

Organic 3 4

Particulate 0 5

RCS mass, maximum (Ibm) 8.42E+05 4.94E+05
CLB does not use

maximum and
minimum

Containment volume, minimum (ft3) 2.5E+06 2.5E+06

Maximum purge flow rate, unfiltered (cfm) 4,680 4,680

Duration of purge release (sec) 10 8

Control room atmospheric dispersion factors (sec/m 3)

0 - 2 hours 6.12E-04 1.1OE-04

2 - 8 hours 4.38E-04 1.1OE-04

8 - 24 hours 1.79E-04 6.80E-05

24 - 96 hours 1.14E-04 6.60E-05

96 - 720 hours 8.94E-05 0

TSC atmospheric dispersion factors (sec/mn3)

0 - 2 hours 2.80E-04 2.2E-04

2 - 8 hours 1.80E-04 2.2E-04

8 - 24 hours 6.44E-05 1.17E-04

24 - 96 hours 4.42E-05 2.04E-05

96 - 720 hours 3.22E-05 0
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Table 4.3-13 Assumptions Used for Waste Gas Decay Tank Failure Analysis

AST CLB

Activity in ruptured tank See Table 4.3-2a See Table 4.3-2b

Iodine chemical form of releases (%)

Elemental 100 N/A

Duration of release (hr) 2 2

Control room isolation None N/A

Control room atmospheric dispersion factor (sec/mn3)

0 - 2 hours 6.80E-04 5.30E-04

TSC atmospheric dispersion factor (sec/in 3)

0 - 2 hours 1.87E-04 N/A

Table 4.3-14 Assumptions Used for Liquid Waste Tank Failure Analysis

AST CLB

Activity in ruptured tank

Recycle holdup tank See Table 4.3-2a See Table 4.3-2b

Hypothetical tank maximizing iodine See Table 4.3-2a N/A

Iodine chemical fonn of releases (%)

Elemental 100 N/A

Duration of release (hr) 2 2

Control room isolation None N/A

Control room atmospheric dispersion factor (sec/nm3)

0 - 2 hours 6.80E-04 N/A

TSC atmospheric dispersion factor (sec/mi3)

0 - 2 hours 1.87E-04 N/A
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Table 4.3-15 Assumptions Used for Fuel Handling Accident Analysis

AST CLB

Core activity for one assembly at minimum time prior to fuel
movement (Ci)

Kr-85m 1.1OE+00 See Table 4.3-4c

Kr-85 5.69E+03 See Table 4.3-4c

Xe- 131 m 5.38E+03 See Table 4.3-4c

Xe-133m 1.76E+04 See Table 4.3-4c

Xe-133 8.19E+05 See Table 4.3-4c

Xe-135m 5.58E+01 See Table 4.3-4c

Xe-135 8.14E+03 See Table 4.3-4c

1-130 1.45E+02 See Table 4.3-4c

1-131 4.12E+05 See Table 4.3-4c

1-132 3.95E+05 See Table 4.3-4c

1-133 8.90E+04 See Table 4.3-4c

1-135 3.42E+02 See Table 4.3-4c

Number of fuel assemblies damaged 1.2 1.2

Peaking factor 1.65 1.65

Control room isolation None N/A

Decay time prior to fuel movement, minimum (hr) 76 76

Gap fractions

1-131 0.12 0.12

Kr-85 0.30 0.30

Other iodines and noble gases 0.10 0.10

Iodine chemical form in gap (%)

Elemental 99.85 N/A

Organic 0.15 N/A

Fuel pool water depth, minimum (ft) 23 23

Fuel rod internal pressure, maximum (psig) 1500 1200

Overall pool iodine DF 200 100

Iodine airborne fractions (%)

Elemental 70 N/A

Organic 30 N/A
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Table 4.3-15 Assumptions Used for Fuel Handling Accident Analysis
(cont.)

AST CLB

Duration of release (hr) 2 2

Removal of airborne activity in containment/fuel building None None
(other than decay)

Control room atmospheric dispersion factor (sec/in 3)

0 - 2 hours 6.12E-04 5.30E-04

TSC atmospheric dispersion factor (sec/m 3)

0 - 2 hours 3.91E-04 N/A
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Table 4.3-16 Technical Support Center Parameters

AST CLB

TSC volume (ft3) 44,000 52,800

Normal ventilation flow rates (cfin)

Unfiltered makeup flow rate 550 550

Unfiltered inleakage 20 20

Emergency mode flow rates (cfm)

Filtered makeup flow rate 550 550

Unfiltered makeup flow rate 0 N/A

Unfiltered inleakage 20 20

Filtered recirculation flow 450 550

Filter efficiencies (%)

Elemental iodine 95 90

Organic iodine 95 90

Particulates 95 90

Delay to switch to emergency mode operation after event 60 0
initiation (minutes)

TSC breathing rate for duration of the event (m3/sec) 3.5E-04 3.5E-04

TSC occupancy factors

0 - 24 hours 1.0 1.0

I - 4 days 0.6 0.6

4 - 30 days 0.4 0.4
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4.4 CONTAINMENT SUMP PH

4.4.1 Sampling System

This section describes the ability of WCNOC to sample the containment sumps in post-accident
configurations.

Following the transition to cold leg recirculation, the WCGS Procedures (e.g., CHS AC-001,
CHS SJ-143A) provide instructions for sampling the contaimnent sumps. Information from the sample
analysis may be used by the operating staff, in concert with the Technical Support Center personnel, to
evaluate the long term plant status including sump pH. An initial sample could be taken per plant
procedures consistent with plant equipment availability and existing environmental conditions. The time
needed for the initial sample would be event-specific, however it is reasonable to assume that the
sampling activity could be completed within 24 hours of the accident.

As approved per Amendment No. 137 to the Operating License, WCNOC eliminated the Post Accident
Sampling System (PASS). Consistent with this amendment WCNOC maintains contingency plans for
obtaining and analyzing highly radioactive samples from the containment sump.

Samples would be taken from two points on the RHR Loops A and B within the Auxiliary Building
following the transition to cold leg recirculation. With suction flow coming from the containment sump(s)
and a fully mixed sump solution, these sampling points provide a good indication of conditions within the
sump solution.

4.4.2 Containment Sump pH Evaluation

4.4.2.1 Analysis Bases Summary

The following summary of the containment sump pH analysis describes the performance of the systems
and components that are employed to control the pH of the containment sump water inventory under
post-accident conditions.

Background

Under LOCA conditions, buffering agents must be added to the containment sump fluid that is
recirculated by the ECCS to increase the coolant pH to greater than 7.0. Buffering agent addition is
mainly required to reduce release of iodine fission products from the coolant to the containment
atmosphere as iodine gas. Thus, pH control is primarily an offsite dose control measure. Increasing the
coolant pH also reduces the corrosion rates of most materials in the containment sump, most notably
stainless steel structural members and components. Sodium hydroxide (NaOH) is used as the buffering
agent at the WCGS. The NaOH is introduced into the containment sump fluid via the Spray Additive
Tank (SAT) and associated spray eductor in the containment spray system (CSS).
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Methodology

In order to calculate the minimum sump pH, the maximum amount of boric acid from the various sources
of borated water that enter the contaimnent sump post-LOCA combined with a minimum amount of
caustic from various sources (mainly the SAT) will yield a minimum pH value. The concentrations of
these substances are used to compute the value of the sump pH as a function of time using verified
titration curve data for aqueous solutions of boric acid and sodium hydroxide.

The CLB for the WCGS sump pH analysis forms the basis of existing USAR Figure 6.5-5. Two scenarios
are analyzed: both Containment Spray trains operating with one NaOH eductor in service, and both
Containment Spray trains operating with both NaOH eductors in service.

No computer codes were used in this analysis. To determine the pH in the CLB analysis, NaOH and
H 3BO 3 molarities were first calculated and then used with Oak Ridge National Laboratory (ORNL)
titration curve data to determine the pH of the spray and sump solutions during the injection and
recirculation phases of ECCS operation.

Westinghouse has subsequently performed an independent analysis to update the conclusions of the CLB
analysis. The Westinghouse analysis used pH data for boric acid/sodium hydroxide solutions from
verified titration curve data for aqueous solutions of boric acid and sodium hydroxide.

Assumptions and Inputs

Among the various assumptions that were made in the sump pH analysis is that of perfect mixing of the
water inventory in the sump. This is a valid assumption because of the long term operation of the
recirculation spray system and the uniform dispersion of spray over the containment cross section.

The minimum long-term sump pH in the CLB calculation uses the following conservative bases:

1. Maximum Refueling Water RWST and SI accumulator Technical Specification boron
concentration of 2500 ppm.

2. A conservatively high RCS boron concentration of 1900 ppm in the CLB, and 1980 ppm in the
Westinghouse analysis. Given that the RCS is only -15% of the sump fluid, this difference in
boron concentration is a small effect.

3. The SAT is assumed to contain the Technical Specification minimum 28% NaOH solution.

While the SAT Technical Specification minimum contained volume is 4340 gal., the CLB assumed a
conservative minimum delivered volume of only 2960 gal. The Westinghouse analysis used an updated
delivered volume of 3060 gallons.
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Results and Conclusions

Existing Figure 6.5-5 in the Wolf Creek USAR shows that the post-LOCA sump pH remains well above 7

throughout the event. This conclusion was based on the current licensing basis discussed in USAR

Section 6.5.2.3, Table 3.1 1(B)-5, and original project calculations.

The Westinghouse analysis determined a long-term sump pH of 8.8, while the CLB analysis determined a

minimum value of 8.6. The slightly higher pH in the Westinghouse analysis is attributed to two factors:

1) a higher minimum volume of NaOH and 2) a different boron/NaOH/pH correlation. In either case, the
results show that the sump pH remains well above the Nuclear Regulatory Commission (NRC)-required

value of 7.0 after the minimum amount of NaOH is injected into the sump.

In the CLB analysis, the limiting system alignment of both Containment Spray trains operating with one

NaOH educator in service results in a sump pH of 7 in approximately 15 minutes, with the final long-term

pH of 8.6 in approximately 80 minutes. The less limiting case of both Containment Spray trains operating
with both NaOH supplies in service results in a sump pH of 7 in approximately 11 minutes, with the final

long-term pH of 8.6 in approximately 45 minutes. For the Westinghouse analysis, the limiting system

alignment of both Containment Spray trains operating with one NaOH educator in service results in a
sump pH of 7 in approximately 11 minutes, with the final long-term pH of 8.8 in approximately

80 minutes. The less limiting case of both Containment Spray trains operating with both NaOH supplies
in service results in a sump pH of 7 in approximately 9 minutes, with the final long-term pH of 8.6 in
approximately 40 minutes.

The calculations did not include consideration of acid generation (nitric acid produced by the irradiation
of water and air or hydrochloric acid produced by the radiolysis of chlorine bearing materials) as they
were considered secondary effects. Recently, the staff summarized the effects of acid generation for a
Westinghouse PWR in the Byron Safety Evaluation (ML062340420). The conclusion reached therein was
that the effect of these phenomena on sump pH would be to decrease the pH value less than 0. 1 pH unit, a
negligible effect. It is expected that a similar result would be the case for WCGS from inspection of Table

4.4-1, which contains a comparison of the parameters listed in the Byron Safety Evaluation with the
WCGS parameters used in the CLB analysis for the conservatively calculated minimum pH case.

Table 4.4-1 Comparison of Plant Design Parameters Used in Minimum Sump pH Analyses

Design Parameters

Byron WCGS CLB

Component Vol. or Mass Concentration Vol. or Mass Concentration

RWST 457,904 gal 2500 ppm boron 379,800 gallons 2500 ppm boron

RCS 620,800 Ibm 2300 ppm boron 504,520 Ibm 1900 ppm boron

SI Accumulators 28,868 gal 2400 ppm boron 26,376 gal 2500 ppm boron

SAT 2500 gal 30 wt% NaOH 2960 gal 28 wt% NaOH
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Furthermore, back leakage of sump fluid through the RWST is not considered in the post-LOCA analysis
based on the plant emergency procedure for transfer to cold leg recirculation that requires closure of the
24" RWST outlet valve within 16 hours of SI initiation to limit releases from the RWST to the
atmosphere. This results in three valve isolation and a minimum of two valve isolation in the long tenrm
with a single failure. Refer to USAR Table 6.3-5. Therefore, there is no need to address the potential issue
of reduced pH in the RWST, which could lead to a potential radioactive iodine release from the RWST to
the environment.

4.4.3 Containment Sump pH Calculation

This section summarizes the calculation to determine the minimum sump pH versus time after a large
LOCA.

Inputs

Sources of boron include the RCS, the RWST, and Safety Injection Accumulators. Volumes of these
sources and their boron concentrations are maximized to minimize the calculated sump pH. Sodium
hydroxide (NaOH), from the Spray Additive Tank, is injected at a minimum volume and concentration to
minimize the sump pH results.

Methodology

The RCS and accumulator volumes are assumed to enter the sump at time = 0. The RWST volume then
enters the sump at maximum ECCS and CSS flow rates. WCNOC provided inputs for the RWST volume,
and ECCS and CSS flows. The NaOH flow enters the sump at a constant rate of 40 gpm per train. An
average boron and NaOH concentration is then calculated at various time intervals, and a Westinghouse
proprietary empirical correlation of boron, NaOH, and pH is used to determine sump pH.

Acceptance Criteria

Per the Wolf Creek USAR and Technical Specification Bases, the minimum long-term sump pH is 8.5.

Results

Figure 4-1 depicts the results, and is also listed as a proposed USAR markup in Section 13 to replace the
existing USAR Figure 6.5-5.
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SUMP pH VERSUS TIME WITH NOMINAL FLOW OF 40 GPM PER
EDUCTOR AND BOTH CONTAINMENT SPRAY TRAINS
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Figure 4-1 Containment Sump pH versus Time

Figure 4-1 shows that the acceptance criteria of 8.5 (minimum) is met for one or two eductors in service.
The final sump pH of 8.8 is maintained after approximately 40 minutes after the LOCA occurs
(two eductors) or approximately 80 minutes (one eductor). This result slightly exceeds the current WCGS
analysis of record pH value, which is 8.6 achieved at times of approximately 40 and 80 minutes,
respectively.

Licensing Documentation Changes

Only USAR Figure 6.5-5 needs to be changed, and the USAR markup is provided in Section 13. No other
USAR or Technical Specification changes are required.
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5 REGULATORY GUIDE 1.183 CONFORMANCE TABLE

Regulatory Guide 1.183, Revision 0, "Alternative Radiological Source Terms for Evaluating Design
Basis Accidents at Nuclear Power Plants" - Conformance Tables

NOTE: In Tables A - G, the text shown in the "RG Position" colunis is taken from Regulatory
Guide 1.183. Therefore, references to footnotes, tables, and numbered references may be found
in the regulatory guide.

Table A Conformance with Regulatory Guide 1.183 Main Sections

Table B Conformance with Regulatory Guide 1.183 Appendix A (Loss-of-Coolant-Accident)

Table C Conformance with Regulatory Guide 1.183 Appendix B (Fuel Handling Accident)

Table D Conformance with Regulatory Guide 1.183 Appendix E (PWR Main Steam Line Break)

Table E Conformance with Regulatory Guide 1.183 Appendix F (PWR Steam Generator Tube
Rupture Accident)

Table F Conformance with Regulatory Guide 1.183 Appendix G (PWR Locked Rotor Accident)

Table G Conformance with Regulatory Guide 1.183 Appendix H (PWR Rod Ejection Accident)
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REGULATORY GUIDE 1.183 COMPARISON

Table A Conformance with Regulatory Guide 1.183 Main Sections

RG
Section RG Position Analysis Comments

3.1 The inventory of fission products in the reactor core and available for Conforms The inventory of fission products in the reactor core
release to the containment should be based on the maximum full power and available for release to the containment was based
operation of the core with, as a minimum, current licensed values for on the maximum full power operation with a core
fuel enrichment, fuel burnup, and an assumed core power equal to the thermal power of 3637 MWt (102% of 3565 MWt
current licensed rated thermal power times the ECCS evaluation nominal power).
uncertainty.8 The period of irradiation should be of sufficient duration Core design parameters (enrichment, burnup, and
to allow the activity of dose-significant radionuclides to reach MTU loading) are based on the cycle 19 core design.
equilibrium or to reach maximum values. 9 The core inventory should be Margin is added to the EOC core inventory,
determined using an appropriate isotope generation and depletion calculated with ORIGEN-S, to account for potential
computer code such as ORIGEN 2 (Ref. 17) or ORIGEN-ARP core design differences in future cycles. The
(Ref. 18). Core inventory factors (Ci/MWt) provided in TID 14844 and magnitude of this margin is based on sensitivity
used in some analysis computer codes were derived for low bumup, low studies that consider variations in enrichment and
enrichment fuel and should not be used with higher burnup and higher burnup.
enrichment fuels.

3.1 For the DBA LOCA, all fuel assemblies in the core are assumed to be Conforms For the DBA LOCA, all fuel assemblies were
affected and the core average inventory should be used. For DBA assumed to be affected and the core average inventory
events that do not involve the entire core, the fission product inventory was used.
of each of the damaged fuel rods is determined by dividing the total A peaking factor of 1.65 was used for DBA events
core inventory by the number of fuel rods in the core. To account for that do not involve the entire core (fuel handling
differences in power level across the core, radial peaking factors from accident, rod ejection, locked rotor), with fission
the facility's core operating limits report (COLR) or technical product inventories for damages fuel rods determined
specifications should be applied in determining the inventory of the by multiplying the total core inventory by the fraction
damaged rods. of damaged rods.

3.1 No adjustment to the fission product inventory should be made for Conforms No adjustments for less than full power were made in
events postulated to occur during power operations at less than full any analysis.
rated power or those postulated to occur at the beginning of core life. For the fuel handling accident, 76-hours of
For events postulated to occur while the facility is shutdown, e.g., a fuel radioactive decay after shutdown was modeled.
handling accident, radioactive decay from the time of shutdown may be
modeled.
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Table A Conformance with Regulatory Guide 1.183 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

3.2 The core inventory release fractions 101, by radionuclide groups, for the Conforms For the LOCA event, the core inventory release
gap release and early in-vessel damage phases for DBA LOCAs are fractions, by radionuclide groups, for the gap release
listed in Table 1 for BWRs and Table 2 for PWRs. These fractions are and early in-vessel damage phases in Table 2 were
applied to the equilibrium core inventory described in Regulatory utilized.
Position 3.1.

Table 2
PWR Core Inventory Fraction Released Into Containment

Gap Early
Release In-Vessel

Group Phase Phase Total
Noble Gases 0.05 0.95 1.0
Halogens 0.05 0.35 0.4
Alkali Metals 0.05 0.25 0.3
Tellurium Metals 0.00 0.05 0.05
Ba, Sr 0.00 0.02 0.02
Noble Metals 0.00 0.0025 0.0025
Cerium Group 0.00 0.0005 0.0005
Lanthanides 0.00 0.0002 0.0002

3.2 For non-LOCA events, the fractions of the core inventory assumed to be Conforms For non-LOCA events, the fraction of the core
in the gap for the various radionuclides are given in Table 3. The release inventory assumed to be in the gap by radionuclide
fractions from Table 3 are used in conjunction with the fission product group in Table 3 were utilized in conjunction with the
inventory calculated with the maximum core radial peaking factor. maximum core radial peaking factor of 1.65. The

Table 311 control rod ejection accident was evaluated per

Non-LOCA Fraction of Fission Product Inventory in Gap Footnote 11 of RG 1.183 (the gap fractions are

Group Fraction assumed to be 10% for iodines and noble gases).

1-131 0.08 To account for possible damage to an assembly with

Kr-85 0.10 high burnup and rod power and to address Footnote
Other Noble Gases 0.05 11, the fuel handling accident used conservatively

Other Halogens 0.05 high gap fractions of 12% for 1-131, 30% for Kr-85,
Alkali Metals 0.12 and 10% for all other iodines and noble gases. These

gap fractions were obtained from NUREG/CR-5009.
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Table A Conformance with Regulatory Guide 1.183 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

3.3 Table 4 tabulates the onset and duration of each sequential release phase Conforms The Table 4 PWR onset and durations for the DBA
for DBA LOCAs at PWRs and BWRs. The specified onset is the time LOCA releases were utilized in the analysis.
following the initiation of the accident (i.e., time = 0). The early Note that the gap release was modeled beginning at
in-vessel phase immediately follows the gap release phase. The activity 30 seconds and ending in the first half hour in order to
released from the core during each release phase should be modeled as model the early in-vessel release beginning at 0.5 hr.
increasing in a linear fashion over the duration of the phase.12 For
non-LOCA DBAs in which fuel damage is projected, the release from
the fuel gap and the fuel pellet should be assumed to occur
instantaneously with the onset of the projected damage.

Table 4
LOCA Release Phases

PWRs BWRs
Phase Onset Duration Onset Duration
Gap Release 30 sec 0.5 hr 2 min 0.5 hr
Early In-Vessel 0.5 hr 1.3 hr 0.5 hr 1.5 hr

3.3 For facilities licensed with leak-before-break methodology, the onset of Not No additional delays in gap release were assumed for
the gap release phase may be assumed to be 10 minutes. A licensee may Applicable the DBA analyses.
propose an alternative time for the onset of the gap release phase, based
on facility-specific calculations using suitable analysis codes or on an
accepted topical report shown to be applicable to the specific facility. In
the absence of approved alternatives, the gap release phase onsets in
Table 4 should be used.
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Table A Conformance with Regulatory Guide 1.183 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

3.4 Table 5 lists the elements in each radionuclide group that should be Conforms The Table 5 elements in each radionuclide group were
considered in design basis analyses. utilized in DBA analyses. Note that since RADTRAD

Table 5 is limited to modeling 63 nuclides, certain nuclides

Radionuclide Groups which were deemed to be insignificant from a dose

Group Elements perspective were not included.
Noble Gases Xe, Kr
Halogens I, Br
Alkali Metals Cs, Rb
Tellurium Group Te, Sb, Se, Ba, Sr
Noble Metals Ru, Rh, Pd, Mo, Tc, Co
Lanthanides La, Zr, Nd, Eu, Nb, Pm, Pr

Sm, Y, Cm, Am
Cerium Ce, Pu, Np

3.5 Of the radioiodine released from the reactor coolant system (RCS) to Conforms For releases from the reactor coolant system (RCS) to
the containment in a postulated accident, 95 percent of the iodine the containment, 95% of the iodine released was
released should be assumed to be cesium iodide (CsI), 4.85 percent assumed to be cesium iodide (CsI), 4.85% elemental
elemental iodine, and 0.15 percent organic iodide. This includes iodine, and 0.15% organic iodide.
releases from the gap and the fuel pellets. With the exception of Fission products were assumed to be in particulate
elemental and organic iodine and noble gases, fission products should form with the exception of elemental and organic
be assumed to be in particulate form. The same chemical form is iodine and noble gases,
assumed in releases from fuel pins in FHAs and from releases from the
fuel pins through the RCS in DBAs other than FHAs or LOCAs.
However, the transport of these iodine species following release from
the fuel may affect these assumed fractions. The accident-specific
appendices to this regulatory guide provide additional details.
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Table A Conformance with Regulatory Guide 1.183 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

3.6 The amount of fuel damage caused by non-LOCA design basis events Conforms The amount of fuel damage caused by non-LOCA
should be analyzed to determine, for the case resulting in the highest design basis events was analyzed. The conservatively
radioactivity release, the fraction of the fuel that reaches or exceeds the calculated values were reflected in the rod ejection
initiation temperature of fuel melt and the fraction of fuel elements for and locked rotor DBA analyses.
which the fuel clad is breached. Although the NRC staff has
traditionally relied upon the departure from nucleate boiling
ratio (DNBR) as a fuel damage criterion, licensees may propose other
methods to the NRC staff, such as those based upon enthalpy
deposition, for estimating fuel damage for the purpose of establishing
radioactivity releases.

4.1.1 The dose calculations should determine the TEDE. TEDE is the sum of Conforms The dose calculations determine the TEDE and
the committed effective dose equivalent (CEDE) from inhalation and consider all radionuclides that are significant with
the deep dose equivalent (DDE) from external exposure. The regard to dose consequences.
calculation of these two components of the TEDE should consider all Progeny was not included in the dose calculations
radionuclides, including progeny from the decay of parent consistent with previously approved submittals,
radionuclides, that are significant with regard to dose consequences and including:
the released radioactivity. 13  

9 Point Beach Units 1 & 2 - April 2011 (ADAMS

Accession Number ML 110240054)

a Arkansas Nuclear One, Unit 2 - April 2011
(ADAMS Accession Number ML 110980197)

4.1.2 The exposure-to-CEDE factors for inhalation of radioactive material Conforms CEDE Conversion factors for isotopes were taken
should be derived from the data provided in ICRP Publication 30, from Table 2.1 of Federal Guidance Report 11,
"Limits for Intakes of Radionuclides by Workers" (Ref. 19). Table 2.1 "Limiting Values of Radionuclide Intake and Air
of Federal Guidance Report 11, "Limiting Values of Radionuclide Concentration and Dose Conversion Factors for
Intake and Air Concentration and Dose Conversion Factors for Inhalation, Submersion, and Ingestion."
Inhalation, Submersion, and Ingestion" (Ref. 20), provides tables of
conversion factors acceptable to the NRC staff. The factors in the
column headed "effective" yield doses corresponding to the CEDE.
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Table A Conformance with Regulatory Guide 1.183 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

4.1.3 For the first 8 hours, the breathing rate of persons offsite should be Conforms The breathing rates provided were utilized to calculate
assumed to be 3.5 x 10-4 cubic meters per second. From 8 to 24 hours the offsite dose consequences. For determining a
following the accident, the breathing rate should be assumed to be 1.8 x limiting 2-hour EAB dose, a constant breathing rate
10-4 cubic meters per second. After that and until the end of the of 3.5 x 10-4 cubic meters per second was used.
accident, the rate should be assumed to be 2.3 x 10-4 cubic meters per
second.

4.1.4 The DDE should be calculated assuming submergence in semi-infinite Conforms EDE Conversion factors for isotopes were taken from
cloud assumptions with appropriate credit for attenuation by body Table 111. 1 of Federal Guidance Report 12, "External
tissue. The DDE is nominally equivalent to the effective dose Exposure to Radionuclides in Air, Water, and Soil."
equivalent (EDE) from external exposure if the whole body is irradiated
uniformly. Since this is a reasonable assumption for submergence
exposure situations, EDE may be used in lieu of DDE in determining
the contribution of external dose to the TEDE. Table 111. 1 of Federal
Guidance Report 12, "External Exposure to Radionuclides in Air,
Water, and Soil" (Ref. 21), provides external EDE conversion factors
acceptable to the NRC staff. The factors in the column headed
"effective" yield doses corresponding to the EDE.

4.1.5 The TEDE should be determined for the most limiting person at the Conforms The TEDE was determined for the most limiting
EAB. The maximum EAB TEDE for any two-hour period following the person at the EAB. The maximum two-hour TEDE
start of the radioactivity release should be determined and used in was determined by calculating the postulated dose for
determining compliance with the dose criteria in 10 CFR 50.67.14 The a series of small time increments and performing a
maximum two-hour TEDE should be determined by calculating the "sliding" sum over the increments for successive
postulated dose for a series of small time increments and performing a two-hour periods. This was performed by the
"'sliding" sum over the increments for successive two-hour periods. The RADTRAD computer code with constant inputs for
maximum TEDE obtained is submitted. The time increments should atmospheric dispersion factors and breathing rates.
appropriately reflect the progression of the accident to capture the peak
dose interval between the start of the event and the end of radioactivity
release (see also Table 6).

4.1.6 TEDE should be determined for the most limiting receptor at the outer Conforms The TEDE was determined for the most limiting
boundary of the low population zone (LPZ) and should be used in receptor at the outer boundary of the low population
determining compliance with the dose criteria in 10 CFR 50.67. zone (LPZ).
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Table A Conformance with Regulatory Guide 1.183 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

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

4.2.1 The TEDE analysis should consider all sources of radiation that will Conforms The TEDE analysis considered all significant sources
cause exposure to control room personnel. The applicable sources will of radiation that would cause exposure to Control
vary from facility to facility, but typically will include: Room personnel. For WCGS, the limiting Control

* Contamination of the control room atmosphere by the intake or Room dose included:

infiltration of the radioactive material contained in the radioactive 9 Contamination of the control room atmosphere by
plume released from the facility, the intake or infiltration of the radioactive material

" Contamination of the control room atmosphere by the intake or contained in the radioactive plume released from

infiltration of airborne radioactive material from areas and structures the facility,
adjacent to the control room envelope, o Contamination of the control room atmosphere by

* Radiation shine from the external radioactive plume released from the intake or infiltration of airborne radioactive

the facility, material from the Control Building,

" Radiation shine from radioactive material in the reactor containment, o Radiation shine from the external radioactive
plume released from the facility,

" Radiation shine from radioactive material in systems and

components inside or external to the control room envelope, r Radiation shine from radioactive material in the

e.g., radioactive material buildup in recirculation filters. reactor containment,

o Radiation shine from radioactive material in
Control Room recirculation filters and radioactive
material in the Control Building.

4.2.2 The radioactive material releases and radiation levels used in the control Conforms The radioactive material releases and radiation levels
room dose analysis should be determined using the same source term, used in the Control Room dose analyses were
transport, and release assumptions used for determining the EAB and determined using the same source term, transport, and
the LPZ TEDE values, unless these assumptions would result in release assumptions used for determining the EAB
nonconservative results for the control room. and the LPZ TEDE values.
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Table A Conformance with Regulatory Guide 1.183 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

4.2.3 The models used to transport radioactive material into and through the Conforms The models used to transport radioactive material into
control room,15 and the shielding models used to determine radiation and through the Control Room, and the shielding
dose rates from external sources, should be structured to provide models used to determine radiation dose rates from
suitably conservative estimates of the exposure to control room external sources, were developed to provide suitably
personnel. conservative estimates of the exposure to Control

Room personnel.

4.2.4 Credit for engineered safety features that mitigate airborne radioactive Conforms Credit for engineered safety features that mitigate
material within the control room may be assumed. Such features may airborne radioactive material within the Control
include control room isolation or pressurization, or intake or Room and Control Building were assumed as
recirculation filtration. Refer to Section 6.5.1, "ESF Atmospheric appropriate. Note that no credit for Control Room
Cleanup System," of the SRP (Ref. 3) and Regulatory Guide 1.52, isolation was modeled for events that rely solely on
"Design, Testing, and Maintenance Criteria for Postaccident radiation monitors.
Engineered-Safety-Feature Atmosphere Cleanup System Air Filtration
and Adsorption Units of Light-Water-Cooled Nuclear Power Plants"
(Ref. 25), for guidance. The control room design is often optimized for
the DBA LOCA and the protection afforded for other accident
sequences may not be as advantageous. In most designs, control room
isolation is actuated by engineered safeguards feature (ESF) signals or
radiation monitors (RMs). In some cases, the ESF signal is effective
only for selected accidents, placing reliance on the RMs for the
remaining accidents. Several aspects of RMs can delay the control room
isolation, including the delay for activity to build up to concentrations
equivalent to the alarm setpoint and the effects of different radionuclide
accident isotopic mixes on monitor response.

4.2.5 Credit should generally not be taken for the use of personal protective Conforms Credit was not taken for the use of personnel
equipment or prophylactic drugs. Deviations may be considered on a protective equipment or prophylactic drugs.
case-by-case basis.
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Table A Conformance with Regulatory Guide 1.183 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

4.2.6 The dose receptor for these analyses is the hypothetical maximum Conforms The occupancy factors and breathing rate were
exposed individual who is present in the control room for 100% of the utilized to determine the doses to the hypothetical
time during the first 24 hours after the event, 60% of the time between maximum exposed individual who is present in the
1 and 4 days, and 40% of the time from 4 days to 30 days.' 6 For the Control Room.
duration of the event, the breathing rate of this individual should be Control Room x/Q values were determined utilizing
assumed to be 3.5 x 10-4 cubic meters per second. the ARCON96 computer code which does not

incorporate occupancy factors. Occupancy factors
were included in the RADTRAD computer code for
the dose evaluations.

4.2.7 Control room doses should be calculated using dose conversion factors Conforms The DDE from photons was corrected for the
identified in Regulatory Position 4.1 above for use in offsite dose difference between finite cloud geometry in the
analyses. The DDE from photons may be corrected for the difference Control Room and the semi-infinite cloud assumption
between finite cloud geometry in the control room and the semi-infinite used in calculating the dose conversion factors by the
cloud assumption used in calculating the dose conversion factors. The given equation. This correction was performed by the
following expression may be used to correct the semi-infinite cloud RADTRAD computer code.
dose, DDEoo, to a finite cloud dose, DDEfinite, where the control room is
modeled as a hemisphere that has a volume, V, in cubic feet, equivalent
to that of the control room (Ref. 22).

DDEfi nite DDE 0-338

1173

4.3 The guidance provided in Regulatory Positions 4.1 and 4.2 should be Conforms Exception - The current TID-14844 accident source
used, as applicable, in re-assessing the radiological analyses identified term will remain the licensing basis for equipment
in Regulatory Position 1.3.1, such as those in NUREG-0737 (Ref. 2). qualification and NUREG-0737 evaluations other
Design envelope source terms provided in NUREG-0737 should be than Control Room and Technical Support Center
updated for consistency with the AST. In general, radiation exposures to doses.
plant personnel identified in Regulatory Position 1.3.1 should be
expressed in terms of TEDE. Integrated radiation exposure of plant
equipment should be determined using the guidance of Appendix I of
this guide.
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Table A Conformance with Regulatory Guide 1.183 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

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

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

Conforms The DBAs were updated for consistency with the
TEDE criterion in Table 6 for offsite doses and in 10
CFR 50.67(b)(2)(iii) for the Control Room and
Technical Support Center doses.
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The column labeled "Analysis Release Duration' is a summary of the
assumed radioactivity release durations identified in the individual
appendices to this guide. Refer to these appendices for complete
descriptions of the release pathways and durations.
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Table A Conformance with Regulatory Guide 1.183 Main Sections
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RG
Section RG Position Analysis Comments

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

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

5.1.3 The numeric values that are chosen as inputs to the analyses required by Conforms The numeric values that were chosen as inputs to the
10 CFR 50.67 should be selected with the objective of determining a analyses required by 10 CFR 50.67 were selected
conservative postulated dose. In some instances, a particular parameter with the objective of determining a conservative
may be conservative in one portion of an analysis but be postulated dose.
nonconservative in another portion of the same analysis. For a range of values, the value that resulted in a

conservative postulated dose was used.

5.1.4 Licensees should ensure that analysis assumptions and methods are Conforms Licensee has ensured that analysis assumptions and
compatible with the ASTs and the TEDE criteria, methods are compatible with the AST and the TEDE

criteria.
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Table A Conformance with Regulatory Guide 1.183 Main Sections
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RG
Section RG Position Analysis Comments

5.3 Atmospheric dispersion values (x/Q) for the EAB, the LPZ, and the Conform The re-calculation of atmospheric dispersion factors

control room that were approved by the staff during initial facility was performed for the EAB and LPZ using the NRC

licensing or in subsequent licensing proceedings may be used in computer code PAVAN according to the guidance of

performing the radiological analyses identified by this guide. RG 1.145 and for the control room and TSC intakes
per lorming twith new release points using the NRC computer codeMethodologies that have been used for determining x•/Q values are ACN6acrigt h udneo G114

documented in Regulatory Guides 1.3 and 1.4, Regulatory Guide 1.145, ARCON96 according to the inte alaof RG 1.194.

"Atmospheric Dispersion Models for Potential Accident Consequence The meteorological data used in the calculation were

Assessments at Nuclear Power Plants," and the paper, "•Nuclear Power collected in accordance with WCGS site-specific

Plant Control Room Ventilation System Design for Meeting General measurements program and RG 1.23.

Criterion 19" (Refs. 6, 7, 22, and 28).

References 22 and 28 should be used if the FSAR x/Q values are to be
revised or if values are to be determined for new release points or
receptor distances. Fumigation should be considered where applicable
for the EAB and LPZ. For the EAB, the assumed fumigation period
should be timed to be included in the worst 2-hour exposure period. The
NRC computer code PAVAN (Ref. 29) implements Regulatory
Guide 1.145 (Ref. 28) and its use is acceptable to the NRC staff. The
methodology of the NRC computer code ARCON96 9 (Ref. 26) is
generally acceptable to the NRC staff for use in determining control
room X/Q values. Meteorological data collected in accordance with the
site-specific meteorological measurements program described in the
facility FSAR should be used in generating accident x/Q values.
Additional guidance is provided in Regulatory Guide 1.23, "Onsite
Meteorological Programs" (Ref. 30). All changes in X/Q analysis
methodology should be reviewed by the NRC staff.
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Table B Conformance with Regulatory Guide 1.183 Appendix A (Loss-of-Coolant-Accident)

RG
Section RG Position Analysis Comments

I Acceptable assumptions regarding core inventory and the release of Conforms Assumptions regarding core inventory and the release
radionuclides from the fuel are provided in Regulatory Position 3 of this of radionuclides from the fuel were obtained from
guide. Regulatory Position 3 of RG 1.183.

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

3.1 The radioactivity released from the fuel should be assumed to mix Conforms The radioactivity released from the fuel was assumed
instantaneously and homogeneously throughout the free air volume of to mix instantaneously and homogeneously
the primary containment in PWRs or the drywell in BWRs as it is throughout the region of containment not impacted by
released. This distribution should be adjusted if there are internal sprays as it was released. Recirculation fans provide a
compartments that have limited ventilation exchange. The suppression mechanism for mixing between the sprayed and
pool free air volume may be included provided there is a mechanism to unsprayed portions of containment.
ensure mixing between the drywell to the wetwell. The release into the
containment or drywell should be assumed to terminate at the end of the
early in-vessel phase.

3.2 Reduction in airborne radioactivity in the containment by natural Conforms No natural deposition was assumed for elemental or
deposition within the containment may be credited. Acceptable models organic iodine. A sedimentation removal coefficient
for removal of iodine and aerosols are described in Chapter 6.5.2, of 0.1 hr- for particulates was credited. This is
"Containment Spray as a Fission Product Cleanup System," of the consistent with previously approved submittals,
Standard Review Plan (SRP), NUREG-0800 (Ref. A-l) and in including:
NUREG/CR-6189, "A Simplified Model of Aerosol Removal by * Point Beach Units 1 & 2 - April 2011 (ADAMS
Natural Processes in Reactor Containments" (Ref. A-2). The latter Accession Number ML 110240054)
model is incorporated into the analysis code RADTRAD (Ref. A-3).
The prior practice of deterministically assuming that a 50% plateout of
iodine is released from the fuel is no longer acceptable to the NRC staff
as it is inconsistent with the characteristics of the revised source terms.
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Table B Conformance with Regulatory Guide 1.183 Appendix A (Loss-of-Coolant-Accident)
(cont.)

RG
Section RG Position Analysis Comments

3.3 Reduction in airborne radioactivity in the containment by containment Conforns A spray system is available in contaimnent. The spray
spray systems that have been designed and are maintained in removal model from Chapter 6.5.2 of NUREG-0800
accordance with Chapter 6.5.2 of the SRP (Ref. A-1) may be credited. was used in the analysis.
Acceptable models for the removal of iodine and aerosols are described The containment sprays cover 85% of containment.
in Chapter 6.5.2 of the SRP and NUREG/CR-5966, "A Simplified The mixing within containment is promoted by fan
Model of Aerosol Removal by Containment Sprays"'1 (Ref. A-4). This coolers which begin operation 2 minutes into the

simplified model is incorporated into the analysis code RADTRAD accident and are assumed on for the duration of the
(Refs. A-1 to A-3). event.

The evaluation of the containment sprays should address areas within The elemental iodine removal coefficient was limited
the primary containment that are not covered by the spray drops. The to 10 hr and removal was terminated when a DF of
mixing rate attributed to natural convection between sprayed and 200 was reached.
unsprayed regions of the containment building, provided that adequate
flow exists between these regions, is assumed to be two turnovers of the A particulate removal coefficient of 5 hr was
unsprayed regions per hour, unless other rates are justified. The modeled until a DF of 50 was reached, at which time
containment building atmosphere may be considered a single, the coefficient was reduced to 0.5 hr -s until sprays
well-mixed volume if the spray covers at least 90% of the volume and if were terminated at 5 hours.
adequate mixing of unsprayed compartments can be shown.

The SRP sets forth a maximum decontamination factor (DF) for
elemental iodine based on the maximum iodine activity in the primary
containment atmosphere when the sprays actuate, divided by the
activity of iodine remaining at some time after decontamination. The
SRP also states that the particulate iodine removal rate should be
reduced by a factor of 10 when a DF of 50 is reached. The reduction in
the removal rate is not required if the removal rate is based on the
calculated time-dependent airborne aerosol mass. There is no specified
maximum DF for aerosol removal by sprays. The maximum activity to
be used in determining the DF is defined as the iodine activity in the
columns labeled "Total" in Tables 1 and 2 of this guide multiplied by
0.05 for elemental iodine and by 0.95 for particulate iodine (i.e., aerosol
treated as particulate in SRP methodology).
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Table B Conformance with Regulatory Guide 1.183 Appendix A (Loss-of-Coolant-Accident)
(cont.)

RG
Section RG Position Analysis Comments

3.4 Reduction in airborne radioactivity in the containment by in- Not In-containment recirculation filters were not credited.
containment recirculation filter systems may be credited if these Applicable
systems meet the guidance of Regulatory Guide 1.52 and Generic
Letter 99-02 (Refs. A-5 and A-6). The filter media loading caused by
the increased aerosol release associated with the revised source term
should be addressed.

3.5 Reduction in airborne radioactivity in the containment by suppression Not Suppression pool scrubbing was not applicable to the
pool scrubbing in BWRs should generally not be credited. However, the Applicable WCGS design.
staff may consider such reduction on an individual case basis. The
evaluation should consider the relative timing of the blowdown and the
fission product release from the fuel, the force driving the release
through the pool, and the potential for any bypass of the suppression
pool (Ref. 7). Analyses should consider iodine re-evolution if the
suppression pool liquid pH is not maintained greater than 7.

3.6 Reduction in airborne radioactivity in the containment by retention in Not No credit was taken for reduction of airborne
ice condensers, or other engineering safety features not addressed Applicable radioactivity in the containment by retention in ice
above, should be evaluated on an individual case basis. See condensers or other engineering safety features not
Section 6.5.4 of the SRP (Ref. A-i). addressed above.
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Table B Conformance with Regulatory Guide 1.183 Appendix A (Loss-of-Coolant-Accident)
(cont.)

RG
Section RG Position Analysis Comments

3.7 The primary containment (i.e., drywell for Mark I and II containment Conforms The primary containment peak pressure leak rate was
designs) should be assumed to leak at the peak pressure technical defined as 0.2% by weight of containment air. This
specification leak rate for the first 24 hours. For PWRs, the leak rate leak rate was reduced to 0.1% after the first 24 hours
may be reduced after the first 24 hours to 50% of the technical of the accident.
specification leak rate. For BWRs, leakage may be reduced after the
first 24 hours, if supported by plant configuration and analyses, to a
value not less than 50% of the technical specification leak rate. Leakage
from subatmospheric containments is assumed to terminate when the
containment is brought to and maintained at a subatmospheric condition
as defined by technical specifications.

For BWRs with Mark III containments, the leakage from the drywell
into the primary containment should be based on the steaming rate of
the heated reactor core, with no credit for core debris relocation. This
leakage should be assumed during the two-hour period between the
initial blowdown and termination of the fuel radioactivity release (gap
and early in-vessel release phases). After two hours, the radioactivity is
assumed to be uniformly distributed throughout the drywell and the
primary containment.

3.8 If the primary contaimnent is routinely purged during power operations, Conforms Releases via the containment mini-purge system were
releases via the purge system prior to containment isolation should be calculated assuming 100% of the RCS activity (based
analyzed and the resulting doses summed with the postulated doses on the Technical Specifications) was released to
from other release paths. The purge release evaluation should assume containment. The mini-purge release is isolated before
that 100% of the radionuclide inventory in the reactor coolant system the onset of the gap release phase.
liquid is released to the containment at the initiation of the LOCA. This
inventory should be based on the technical specification reactor coolant
system equilibrium activity. Iodine spikes need not be considered. If the
purge system is not isolated before the onset of the gap release phase,
the release fractions associated with the gap release and early in-vessel
phases should be considered as applicable.
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4.1 Leakage from the primary containment should be considered to be Not A dual containment is not applicable to the WCGS
collected, processed by engineered safety feature (ESF) filters, if any, Applicable design.
and released to the environment via the secondary containment exhaust
system during periods in which the secondary containment has a
negative pressure as defined in technical specifications. Credit for an
elevated release should be assumed only if the point of physical release
is more than two and one-half times the height of any adjacent structure.

4.2 Leakage from the primary containment is assumed to be released Not A dual containment is not applicable to the WCGS
directly to the environment as a ground-level release during any period Applicable design.
in which the secondary containment does not have a negative pressure
as defined in technical specifications.

4.3 The effect of high wind speeds on the ability of the secondary Not A dual containment is not applicable to the WCGS
containment to maintain a negative pressure should be evaluated on an Applicable design.
individual case basis. The wind speed to be assumed is the 1-hour
average value that is exceeded only 5% of the total number of hours in
the data set. Ambient temperatures used in these assessments should be
the I-hour average value that is exceeded only 5% or 95% of the total
numbers of hours in the data set, whichever is conservative for the
intended use (e.g., if high temperatures are limiting, use those exceeded
only 5%).

4.4 Credit for dilution in the secondary containment may be allowed when Not A dual containment is not applicable to the WCGS
adequate means to cause mixing can be demonstrated. Otherwise, the Applicable design.
leakage from the primary containment should be assumed to be
transported directly to exhaust systems without mixing. Credit for
mixing, if found to be appropriate, should generally be limited to 50%.
This evaluation should consider the magnitude of the containment
leakage in relation to contiguous building volume or exhaust rate, the
location of exhaust plenums relative to projected release locations, the
recirculation ventilation systems, and internal walls and floors that
impede stream flow between the release and the exhaust.
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4.5 Primary containment leakage that bypasses the secondary containment Not A dual containment is not applicable to the WCGS
should be evaluated at the bypass leak rate incorporated in the technical Applicable design.
specifications. If the bypass leakage is through water, e.g., via a filled
piping run that is maintained full, credit for retention of iodine and
aerosols may be considered on a case-by-case basis. Similarly,
deposition of aerosol radioactivity in gas-filled lines may be considered
on a case-by-case basis.

4.6 Reduction in the amount of radioactive material released from the Not A dual containment is not applicable to the WCGS
secondary containment because of ESF filter systems may be taken into Applicable design.
account provided that these systems meet the guidance of Regulatory
Guide 1.52 (Ref. A-5) and Generic Letter 99-02 (Ref. A-6).

5.1 With the exception of noble gases, all the fission products released from Conforms With the exception of noble gases, all the fission
the fuel to the containment (as defined in Tables 1 and 2 of this guide) products released from the fuel to the containment (as
should be assumed to instantaneously and homogeneously mix in the defined in Table 1 of RG 1.183) were assumed to
primary containment sump water (in PWRs) or suppression pool (in instantaneously and homogenously mix in the primary
BWRs) at the time of release from the core. In lieu of this deterministic containment sump.
approach, suitably conservative mechanistic models for the transport of
airborne activity in containment to the sump water may be used. Note
that many of the parameters that make spray and deposition models
conservative with regard to containment airborne leakage are
nonconservative with regard to the buildup of sump activity.

5.2 The leakage should be taken as two times the sum of the simultaneous Conforms The ESF leakage to the Plant Auxiliary Building was
leakage from all components in the ESF recirculation systems above doubled in the analysis and was assumed to
which the technical specifications, or licensee commitments to conservatively begin at the start of the event. The
item III.D. 1.1 of NUREG-0737 (Ref. A-8), would require declaring dose from ESF leakage to the refueling water storage
such systems inoperable. The leakage should be assumed to start at the tank was also included in the analysis.
earliest time the recirculation flow occurs in these systems and end at
the latest time the releases from these systems are terminated.
Consideration should also be given to design leakage through valves
isolating ESF recirculation systems from tanks vented to atmosphere,
e.g., emergency core cooling system (ECCS) pump miniflow return to
the refueling water storage tank.
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5.3 With the exception of iodine, all radioactive materials in the Conforms lodines were the only nuclides modeled to be released
recirculating liquid should be assumed to be retained in the liquid phase. from the liquid.

5.4 If the temperature of the leakage exceeds 212'F, the fraction of total Conforms The calculated flashing fraction based on the
iodine in the liquid that becomes airborne should be assumed equal to maximum sump temperature was less than 0.10.
the fraction of the leakage that flashes to vapor. This flash fraction, FF,
should be determined using a constant enthalpy, h, process, based on the
maximum time-dependent temperature of the sump water circulating
outside the containment:

FF = I, - hf
hfg

Where: hfl is the enthalpy of liquid at system design temperature and
pressure; hf2 is the enthalpy of liquid at saturation conditions (14.7 psia,
212 0F); and hfg is the heat of vaporization at 212 0F.

5.5 If the temperature of the leakage is less than 212'F or the calculated Conforms An airborne fraction of 10% was assumed for the
flash fraction is less than 10%, the amount of iodine that becomes iodine in the liquid.
airborne should be assumed to be 10% of the total iodine activity in the
leaked fluid, unless a smaller amount can be justified based on the
actual sump pH history and area ventilation rates.

5.6 The radioiodine that is postulated to be available for release to the Conforms The radioiodine that was postulated to be available for
environment is assumed to be 97% elemental and 3% organic. release to the environment was assumed to be 97%
Reduction in release activity by dilution or holdup within buildings, or elemental and 3% organic. No reductions due to
by ESF ventilation filtration systems, may be credited where applicable, dilution or holdup were assumed. Credit was taken for
Filter systems used in these applications should be evaluated against the the ESF ventilation filtration system in the Plant
guidance of Regulatory Guide 1.52 (Ref. A-5) and Generic Letter 99-02 Auxiliary Building (PAB) exhaust.
(Ref A-6).
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7.0 The radiological consequences from post-LOCA primary containment Not The containment is not purged post-LOCA.
purging as a combustible gas or pressure control measure should be Applicable
analyzed. If the installed containment purging capabilities are
maintained for purposes of severe accident management and are not
credited in any design basis analysis, radiological consequences need
not be evaluated. If the primary containment purging is required within
30 days of the LOCA, the results of this analysis should be combined
with consequences postulated for other fission product release paths to
determine the total calculated radiological consequences from the
LOCA. Reduction in the amount of radioactive material released via
ESF filter systems may be taken into account provided that these
systems meet the guidance in Regulatory Guide 1.52 (Ref. A-5) and
Generic Letter 99-02 (Ref. A-6).
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RG
Section RG Position Analysis Comments

I Acceptable assumptions regarding core inventory and the release of Conforms Assumptions regarding core inventory and the release
radionuclides from the fuel are provided in Regulatory Position 3 of this of radionuclides from the fuel were obtained from
guide. Regulatory Position 3 of RG 1.183.

1.1 The number of fuel rods damaged during the accident should be based Conforms For the postulated fuel handling accident, one entire
on a conservative analysis that considers the most limiting case. This assembly and 20% of an adjacent assembly were
analysis should consider parameters such as the weight of the dropped assumed to be damaged as a result of this event.
heavy load or the weight of a dropped fuel assembly (plus any attached
handling grapples), the height of the drop, and the compression, torsion,
and shear stresses on the irradiated fuel rods. Damage to adjacent fuel
assemblies, if applicable (e.g., events over the reactor vessel), should be
considered.

1.2 The fission product release from the breached fuel is based on Conforms The fission product release from the breached fuel
Regulatory Position 3.2 of this guide and the estimate of the number of was based on Regulatory Position 3.2 of RG 1. 183
fuel rods breached. All the gap activity in the damaged rods is assumed and the estimate of the number of fuel rods breached.
to be instantaneously released. Radionuclides that should be considered All the gap activity in the damaged rods was assumed
include xenons, kryptons, halogens, cesiums, and rubidiums. to be instantaneously released. Radionuclides that

were considered include xenons, kryptons, halogens,
cesiums, and rubidiums.

1.3 The chemical form of radioiodine released from the fuel to the spent Conforms All particulate iodine released to the spent fuel pool
fuel pool should be assumed to be 95% cesium iodide (CsI), was assumed to dissociate and instantaneously
4.85 percent elemental iodine, and 0.15 percent organic iodide. The CsI re-evolve as elemental iodine.
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. The NRC
staff will consider, on a case-by-case basis, justifiable mechanistic
treatment of the iodine release from the pool.
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(cont.)

RG
Section RG Position Analysis Comments

2 If the depth of water above the damaged fuel is 23 feet or greater, the Conforms The minimum water depth over the reactor core when
decontamination factors for the elemental and organic species are 500 handling fuel and over the spent fuel in the fuel
and 1, respectively, giving an overall effective decontamination factor handling building is 23 feet, so the overall DF of 200
of 200 (i.e., 99.5% of the total iodine released from the damaged rods is was applied.
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. If the depth of water is not 23 feet, the decontamination
factor will have to be determined on a case-by-case method (Ref. B-i).

3 The retention of noble gases in the water in the fuel pool or reactor Conforms The analysis modeled a noble gas DF of 1 and an
cavity is negligible (i.e., decontamination factor of 1). Particulate infinite DF for particulates.
radionuclides are assumed to be retained by the water in the fuel pool or
reactor cavity (i.e., infinite decontamination factor).

4.1 The radioactive material that escapes from the fuel pool to the fuel Conforms The release of radioactive material was modeled as a
building is assumed to be released to the environment over a 2-hour linear release over a 2-hour period.
time period.

4.2 A reduction in the amount of radioactive material released from the fuel Not No engineered safety features were credited for the
pool by engineered safety feature (ESF) filter systems may be taken into Applicable releases from the fuel building.
account provided these systems meet the guidance of Regulatory
Guide 1.52 and Generic Letter 99-02 (Refs. B-2, B-3). Delays in
radiation detection, actuation of the ESF filtration system, or diversion
of ventilation flow to the ESF filtration system 1 should be determined
and accounted for in the radioactivity release analyses.
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Table C Conformance with Regulatory Guide 1.183 Appendix B (Fuel Handling Accident)
(cont.)

RG
Section RG Position Analysis Comments

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

5.1 If the contaimnent is isolated 2 during fuel handling operations, no Not No credit was taken for containment isolation in the
radiological consequences need to be analyzed. Applicable analysis.

5.2 If the containment is open during fuel handling operations, but designed Not No credit was taken for containment isolation in the
to automatically isolate in the event of a fuel handling accident, the Applicable analysis.
release duration should be based on delays in radiation detection and
completion of containment isolation. If it can be shown that
containment isolation occurs before radioactivity is released to the
environment,1 no radiological consequences need to be analyzed.

5.3 If the containment is open during fuel handling operations Conforms The containment was assumed to be open and the
(e.g., personnel air lock or equipment hatch is open), 3 the radioactive release of radioactive material was modeled as a
material that escapes from the reactor cavity pool to the containment is linear release over a 2-hour period.
released to the environment over a 2-hour time period.

5.4 A reduction in the amount of radioactive material released from the Not No engineered safety features were credited for the
containment by ESF filter systems may be taken into account provided Applicable releases from containment.
that these systems meet the guidance of Regulatory Guide 1.52 and
Generic Letter 99-02 (Refs. B-2 and B-3). Delays in radiation detection,
actuation of the ESF filtration system, or diversion of ventilation flow to
the ESF filtration system should be determined and accounted for in the
radioactivity release analyses.'
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Table C Conformance with Regulatory Guide 1.183 Appendix B (Fuel Handling Accident)
(cont.)

RG
Section RG Position Analysis Comments

5.5 Credit for dilution or mixing of the activity released from the reactor Not No credit was taken for mixing or dilution in
cavity by natural or forced convection inside the containment may be Applicable containment.
considered on a case-by-case basis. Such credit is generally limited to
50% of the containment free volume. This evaluation should consider
the magnitude of the contaimnent volume and exhaust rate, the potential
for bypass to the environment, the location of exhaust plenums relative
to the surface of the reactor cavity, recirculation ventilation systems,
and internal walls and floors that impede stream flow between the
surface of the reactor cavity and the exhaust plenums.
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Table D Conformance with Regulatory Guide 1.183 Appendix E (PWR Main Steam Line Break)

RG
Section RG Position Analysis Comments

I Assumptions acceptable to the NRC staff regarding core inventory and Not No fuel damage was postulated to occur during the
the release of radionuclides from the fuel are provided in Regulatory Applicable MSLB.
Position 3 of this regulatory guide. The release from the breached fuel is
based on Regulatory Position 3.2 of this guide and the estimate of the
number of fuel rods breached. The fuel damage estimate should assume
that the highest worth control rod is stuck at its fully withdrawn
position.

2 If no or minimal2 fuel damage is postulated for the limiting event, the Conforms Since no fuel damage occurs, two cases of iodine
activity released should be the maximum coolant activity allowed by the spiking (pre-accident and accident-initiated) were
technical specifications. Two cases of iodine spiking should be modeled.
assumed.

2.1 A reactor transient has occurred prior to the postulated main steam line Conforms The pre-accident iodine spike was modeled with a
break (MSLB) and has raised the primary coolant iodine concentration primary coolant iodine concentration of 60 [tCi/gm
to the maximum value (typically 60 gCi/gm DE 1-131) permitted by the DE 1-131, consistent with the Technical Specification
technical specifications (i.e., a preaccident iodine spike case). limit.

2.2 The primary system transient associated with the MSLB causes an Conforms The accident-initiated iodine spike was modeled with
iodine spike in the primary system. The increase in primary coolant a spike factor of 500 and spike duration of 8 hours.
iodine concentration is estimated using a spiking model that assumes The initial activity was based on 1.0 pCi/gm DE
that the iodine release rate from the fuel rods to the primary coolant 1-13 1, consistent with the Technical Specification
(expressed in curies per unit time) increases to a value 500 times greater limit.
than the release rate corresponding to the iodine concentration at the
equilibrium value (typically 1.0 pCi/gm DE 1-131) specified in
technical specifications (i.e., concurrent iodine spike case). A
concurrent iodine spike need not be considered if fuel damage is
postulated. The assumed iodine spike duration should be 8 hours.
Shorter spike durations may be considered on a case-by-case basis if it
can be shown that the activity released by the 8-hour spike exceeds that
available for release from the fuel gap of all fuel pins.

3 The activity released from the fuel should be assumed to be released Conforms The activity was modeled to be released
instantaneously and homogeneously through the primary coolant. instantaneously and homogenously throughout the

primary coolant.
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Table D Conformance with Regulatory Guide 1.183 Appendix E (PWR Main Steam Line Break)
(cont.)

RG
Section RG Position Analysis Comments

4 The chemical form of radioiodine released from the fuel should be Conforms Iodine chemical fractions for releases to the
assumed to be 95% cesium iodide (CsI), 4.85 percent elemental iodine, environment (97% elemental and 3% organic) were
and 0. 15 percent organic iodide. Iodine releases from the steam modeled in the analysis.
generators to the environment should be assumed to be 97% elemental
and 3% organic. These fractions apply to iodine released as a result of
fuel damage and to iodine released during normal operations, including
iodine spiking.

5.1 For facilities that have not implemented alternative repair criteria (see Conforms The accident-induced Technical Specification Bases
Ref. E-l, DG-1074), the primary-to-secondary leak rate in the steam leakage of 1 gpm was assumed to be entirely to the
generators should be assumed to be the leak rate limiting condition for faulted steam generator and the normal operation
operation specified in the technical specifications. For facilities with Technical Specification primary-to-secondary leakage
traditional generator specifications (both per generator and total of all of 150 gpd/SG was assumed to be evenly apportioned
generators), the leakage should be apportioned between affected and between the intact steam generators.
unaffected steam generators in such a manner that the calculated dose is
maximized.

5.2 The density used in converting volumetric leak rates (e.g., gpm) to mass Conforms A density of 1.0 gm/cc (62.4 lbm/fl3) was used.
leak rates (e.g., lbm/hr) should be consistent with the basis of the
parameter being converted. The ARC leak rate correlations are
generally based on the collection of cooled liquid. Surveillance tests and
facility instrumentation used to show compliance with leak rate
technical specifications are typically based on cooled liquid. In most
cases, the density should be assumed to be 1.0 gm/cc (62.4 Ibm/fl3 ).

5.3 The primary-to-secondary leakage should be assumed to continue until Conforms The primary-to-secondary leakage was terminated at
the primary system pressure is less than the secondary system pressure, 34 hours when the reactor coolant system was cooled
or until the temperature of the leakage is less than 1000 C (212'F). The to 212 0 F. The release of radioactivity from the
release of radioactivity from unaffected steam generators should be unaffected steam generators was terminated at 12
assumed to continue until shutdown cooling is in operation and releases hours when the residual heat removal system was in
from the steam generators have been terminated, service and removing all decay heat.

5.4 All noble gas radionuclides released from the primary system are Conforms No reduction or mitigation of noble gas activity in
assumed to be released to the environment without reduction or releases from the primary system was modeled.
mitigation.
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Table D Conformance with Regulatory Guide 1.183 Appendix E (PWR Main Steam Line Break)
(cont.)

RG
Section RG Position Analysis Comments

5.5 The transport model described in this section should be utilized for Conforms The transport model was utilized in the analysis.
iodine and particulate releases from the steam generators. This model is
shown in Figure E-1 and summarized below:

. . ..... . .................... . .. . R

st&aum Space

'Bulk Waw.r

5.5.1 A portion of the primary-to-secondary leakage will flash to vapor, based Conforms The faulted steam generator was assumed to

on the thermodynamic conditions in the reactor and secondary coolant. blowdown to dryout conditions and any primary-to-

* During periods of steam generator dryout, all of the primary-to- secondary leakage was modeled as a release to the

secondary leakage is assumed to flash to vapor and be released to the environment with no mitigation. Leakage to the intact

environment with no mitigation. steam generators was modeled to mix with the
secondary water without flashing since the steam

" With regard to the unaffected steam generators used for plant generator tubes are submerged.
cooldown, the primary-to-secondary leakage can be assumed to mix
with the secondary water without flashing during periods of total
tube submergence.

5.5.2 The leakage that immediately flashes to vapor will rise through the bulk Not See Position 5.5.1 above.
water of the steam generator and enter the steam space. Credit may be Applicable
taken for scrubbing in the generator, using the models in NUREG-0409,
"Iodine Behavior in a PWR Cooling System Following a Postulated
Steam Generator Tube Rupture Accident" (Ref. E-2), during periods of
total submergence of the tubes.

5.5.3 The leakage that does not immediately flash is assumed to mix with the Not See Position 5.5.1 above.
bulk water. Applicable
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Table D Conformance with Regulatory Guide 1.183 Appendix E (PWR Main Steam Line Break)
(cont.)

RG
Section RG Position Analysis Comments

5.5.4 The radioactivity in the bulk water is assumed to become vapor at a rate Conforms A partition coefficient of 100 was modeled for iodine
that is the function of the steaming rate and the partition coefficient. A and the particulate radionuclides release was limited
partition coefficient for iodine of 100 may be assumed. The retention of by the moisture carryover of 0.25%.
particulate radionuclides in the steam generators is limited by the
moisture carryover from the steam generators.

5.6 Operating experience and analyses have shown that for some steam Not The issue of tube uncovery was addressed by the
generator designs, tube uncovery may occur for a short period following Applicable Westinghouse Owners Group (WOG) in
any reactor trip (Ref. E-3). The potential impact of tube uncovery on the WCAP-13247, "Report on the Methodology for the
transport model parameters (e.g., flash fraction, scrubbing credit) needs Resolution of the Steam Generator Tube Uncovery
to be considered. The impact of emergency operating procedure Issue," March 1992. The WOG program concluded
restoration strategies on steam generator water levels should be that the effect of tube uncovery would be essentially
evaluated. negligible and the issue could be closed without any

further investigation or generic restrictions. This
position was accepted by the NRC in a letter dated
March 10, 1993, from Robert C. Jones, Chief of the
Reactor System Branch, to Lawrence A. Walsh,
Chairman of the WOG. The letter states "... the
Westinghouse analyses demonstrate that the effects of
partial steam generator tube uncovery on the iodine
release for SGTR and non-SGTR events is negligible.
Therefore, we agree with your position on this matter
and consider this issue to be resolved." Consistent
with this position, the MSLB dose analysis did not
model tube uncovery in the intact steam generators.
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Table E Conformance with Regulatory Guide 1.183 Appendix F (PWR Steam Generator Tube Rupture Accident)

RG
Section RG Position Analysis Comments

I Assumptions acceptable to the NRC staff regarding core inventory and Not No fuel damage was postulated to occur during the
the release of radionuclides from the fuel are in Regulatory Position 3 of Applicable SGTR.
this guide. The release from the breached fuel is based on Regulatory
Position 3.2 of this guide and the estimate of the number of fuel rods
breached.

2 If no or minimal2 fuel damage is postulated for the limiting event, the Conforms Since no fuel damage occurs, two cases of iodine
activity released should be the maximum coolant activity allowed by spiking (pre-accident and accident-initiated) were
technical specification. Two cases of iodine spiking should be assumed. modeled.

2.1 A reactor transient has occurred prior to the postulated steam generator Conforms The pre-accident iodine spike was modeled with a
tube rupture (SGTR) and has raised the primary coolant iodine primary coolant iodine concentration of 60 pCi/gm
concentration to the maximum value (typically 60 pCi/gm DE 1- 131) DE 1- 131, consistent with the Technical Specification
permitted by the technical specifications (i.e., a preaccident iodine spike limit.
case).

2.2 The primary system transient associated with the SGTR causes an Conforms The accident-initiated iodine spike was modeled with
iodine spike in the primary system. The increase in primary coolant a spike factor of 335 and spike duration of 8 hours.
iodine concentration is estimated using a spiking model that assumes The initial activity was based on 1.0 pCi/gm DE
that the iodine release rate from the fuel rods to the primary coolant 1-131, consistent with the Technical Specification
(expressed in curies per unit time) increases to a value 335 times greater limit.
than the release rate corresponding to the iodine concentration at the
equilibrium value (typically 1.0 tCi/gm DE 1-131) specified in
technical specifications (i.e., concurrent iodine spike case). A
concurrent iodine spike need not be considered if fuel damage is
postulated. The assumed iodine spike duration should be 8 hours.
Shorter spike durations may be considered on a case-by-case basis if it
can be shown that the activity released by the 8-hour spike exceeds that
available for release from the fuel gap of all fuel pins.

3 The activity released from the fuel, if any, should be assumed to be Conforms The activity was modeled to be released
released instantaneously and homogeneously through the primary instantaneously and homogenously throughout the
coolant. - primary coolant.
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Table E Conformance with Regulatory Guide 1.183 Appendix F (PWR Steam Generator Tube Rupture Accident)
(cont.)

RG
Section RG Position Analysis Comments

4 Iodine releases from the steam generators to the environment should be Conforms Iodine chemical fractions for releases to the
assumed to be 97% elemental and 3% organic. environment (97% elemental and 3% organic) were

modeled in the analysis.

5.1 The primary-to-secondary leak rate in the steam generators should be Conforms The accident-induced Technical Specification Bases
assumed to be the leak rate limiting condition for operation specified in leakage of I gpm was assumed to be evenly apportioned
the technical specifications. The leakage should be apportioned between between the intact steam generators. This leakage
affected and unaffected steam generators in such a manner that the modeling was used since the leakage is negligible
calculated dose is maximized. compared to the flow through the ruptured tube.

5.2 The density used in converting volumetric leak rates (e.g., gpm) to mass Conforms A density of 1.0 gm/cc (62.4 Ibm/ft3) was used.
leak rates (e.g., lbm/hr) should be consistent with the basis of
surveillance tests used to show compliance with leak rate technical
specifications. These tests are typically based on cool liquid. Facility
instrumentation used to determine leakage is typically located on lines
containing cool liquids. In most cases, the density should be assumed to
be 1.0 gm/cc (62.4 lbm/fl3).

5.3 The primary-to-secondary leakage should be assumed to continue until Conforms The primary-to-secondary break flow was terminated
the primary system pressure is less than the secondary system pressure, when the reactor coolant system pressure equalized
or until the temperature of the leakage is less than 1 00°C (2120 F). The with the ruptured steam generator secondary side
release of radioactivity from the unaffected steam generators should be pressure. The release of radioactivity from the
assumed to continue until shutdown cooling is in operation and releases ruptured and intact steam generators was terminated
from the steam generators have been terminated, at 12 hours when the residual heat removal system

was in service and removing all decay heat.

5.4 The release of fission products from the secondary system should be Conforms A loss of offsite power was assumed coincident with
evaluated with the assumption of a coincident loss of offsite power. reactor trip.

5.5 All noble gas radionuclides released from the primary system are Conforms No reduction or mitigation of noble gas activity in
assumed to be released to the environment without reduction or releases from the primary system was modeled.
mitigation.
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Table E Conformance with Regulatory Guide 1.183 Appendix F (PWR Steam Generator Tube Rupture Accident)
(cont.)

RG
Section RG Position Analysis Comments

5.6 The transport model described in Regulatory Positions 5.5 and 5.6 of Conforms The transport model described in Regulatory
Appendix E should be utilized for iodine and particulates. Positions 5.5 and 5.6 of Appendix E for iodine and

particulates was considered as appropriate in the
SGTR. In addition, flashing of break flow in the
ruptured steam generator with a time dependent
flashing fraction was considered and all activity in the
flashed break flow was released to the environment
with no mitigation, dilution, or credit for scrubbing.
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Table F Conformance with Regulatory Guide 1.183 Appendix G (PWR Locked Rotor Accident)

RG
Section RG Position Analysis Comments

I Assumptions acceptable to the NRC staff regarding core inventory and Conforms Assumptions regarding core inventory and the release
the release of radionuclides from the fuel are in Regulatory Position 3 of of radionuclides from the fuel were obtained from
this regulatory guide. The release from the breached fuel is based on Regulatory Position 3 of RG 1.183. The analysis
Regulatory Position 3.2 of this guide and the estimate of the number of modeled the fraction of the core inventory assumed to
fuel rods breached. be in the gap by radionuclide group consistent with

Table 3 in Regulatory Position 3.2. The assumed
number of fuel rods breached was 5% of the core and
the radial peaking factor of 1.65 was applied.

2 If no fuel damage is postulated for the limiting event, a radiological Not Fuel damage was postulated; therefore, an analysis
analysis is not required as the consequences of this event are bounded Applicable was performed.
by the consequences projected for the main steam line break outside
containment.

3 The activity released from the fuel should be assumed to be released Conforms The activity was modeled to be released
instantaneously and homogeneously through the primary coolant, instantaneously and homogenously throughout the

primary coolant.

4 The chemical form of radioiodine released from the fuel should be Conforms Iodine chemical fractions for releases to the
assumed to be 95% cesium iodide (CsI), 4.85 percent elemental iodine, environment (97% elemental and 3% organic) were
and 0.15 percent organic iodide. Iodine releases from the steam modeled in the analysis.
generators to the environment should be assumed to be 97% elemental
and 3% organic. These fractions apply to iodine released as a result of
fuel damage and to iodine released during normal operations, including
iodine spiking.

5.1 The primary-to-secondary leak rate in the steam generators should be Conforms The accident-induced Technical Specification Bases
assumed to be the leak-rate-limiting condition for operation specified in leakage of 1 gpm was assumed to be evenly
the technical specifications. The leakage should be apportioned between apportioned to the steam generators.
the steam generators in such a manner that the calculated dose is
maximized.
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Table F Conformance with Regulatory Guide 1.183 Appendix G (PWR Locked Rotor Accident)
(cont.)

RG
Section RG Position Analysis Comments

5.2 The density used in converting volumetric leak rates (e.g., gpm) to mass Conforms A density of 1.0 gm/cc (62.4 Ibm/fl3) was used.
leak rates (e.g., lbm/hr) should be consistent with the basis of
surveillance tests used to show compliance with leak rate technical
specifications. These tests are typically based on cool liquid. Facility
instrumentation used to determine leakage is typically located on lines
containing cool liquids. In most cases, the density should be assumed to
be 1.0 gm/cc (62.4 lbm/ft3).

5.3 The primary-to-secondary leakage should be assumed to continue until Conforms The primary-to-secondary leakage was terminated
the primary system pressure is less than the secondary system pressure, when the release of radioactivity from the steam
or until the temperature of the leakage is less than 100'C (212' F). The generators was terminated. This occurred at 12 hours
release of radioactivity should be assumed to continue until shutdown when the residual heat removal system was in service
cooling is in operation and releases from the steam generators have and removing all decay heat.
been terminated.

5.4 The release of fission products from the secondary system should be Conforms A loss of offsite power was assumed.
evaluated with the assumption of a coincident loss of offsite power.

5.5 All noble gas radionuclides released from the primary system are Conforms No reduction or mitigation of noble gas activity in
assumed to be released to the environment without reduction or releases from the primary system was modeled.
mitigation.

5.6 The transport model described in assumptions 5.5 and 5.6 of Conforms The transport model described in Regulatory
Appendix E should be utilized for iodine and particulates. Positions 5.5 and 5.6 of Appendix E for iodine and

particulates was considered as appropriate in the
locked rotor event.
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Table G Conformance with Regulatory Guide 1.183 Appendix H (PWR Rod Ejection Accident)

RG
Section RG Position Analysis Comments

I Assumptions acceptable to the NRC staff regarding core inventory are Conforms Assumptions regarding core inventory and the release
in Regulatory Position 3 of this guide. For the rod ejection accident, the of radionuclides from the fuel were obtained from
release from the breached fuel is based on the estimate of the number of Regulatory Position 3 of RG 1.183. The analysis
fuel rods breached and the assumption that 10% of the core inventory of modeled gap release fractions of 10% for iodines and
the noble gases and iodines is in the fuel gap. The release attributed to noble gases and 12% for alkali metals. The assumed
fuel melting is based on the fraction of the fuel that reaches or exceeds number of fuel rods breached was 10% of the core
the initiation temperature for fuel melting and the assumption that 100% and the radial peaking factor of 1.65 was applied. The
of the noble gases and 25% of the iodines contained in that fraction are analysis also modeled fuel melting release fractions of
available for release from containment. For the secondary system 100% of noble gases and 50% of iodines and alkali
release pathway, 100% of the noble gases and 50% of the iodines in that metals in the melted fuel rods. Note that the
fraction are released to the reactor coolant. assumption of 50% iodine and alkali metal release

from melted fuel was conservatively modeled for each
pathway.

2 If no fuel damage is postulated for the limiting event, a radiological Not Fuel damage was postulated; therefore, an analysis
analysis is not required as the consequences of this event are bounded Applicable was performed.
by the consequences projected for the loss-of-coolant accident (LOCA),
main steam line break, and steam generator tube rupture.

3 Two release cases are to be considered. In the first, 100% of the activity Conforms Both cases were considered separately in the analysis.
released from the fuel should be assumed to be released instantaneously
and homogeneously through the containment atmosphere. In the second,
100% of the activity released from the fuel should be assumed to be
completely dissolved in the primary coolant and available for release to
the secondary system.

4 The chemical form of radioiodine released to the containment Conforms The iodine chemical fractions for releases to
atmosphere should be assumed to be 95% cesium iodide (CsI), 4.85% containment were modeled as 95% CsI, 4.85%
elemental iodine, and 0.15% organic iodide. If containment sprays do elemental, and 0.15% organic. All fission products,
not actuate or are terminated prior to accumulating sump water, or if the with the exception of elemental and organic iodine
containment sump pH is not controlled at values of 7 or greater, the and noble gases, were assumed to be in particulate
iodine species should be evaluated on an individual case basis. form.
Evaluations of pH should consider the effect of acids created during the No removal processes were modeled in containment
rod ejection accident event, e.g., pyrolysis and radiolysis products. With besides leakage and decay, so sump pH has no
the exception of elemental and organic iodine and noble gases, fission impact.
products should be assumed to be in particulate form.
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Table G Conformance with Regulatory Guide 1.183 Appendix H (PWR Rod Ejection Accident)
(cont.)

RG
Section RG Position Analysis Comments

5 Iodine releases from the steam generators to the environment should be Conforms Iodine chemical fractions for releases to the
assumed to be 97% elemental and 3% organic. environment (97% elemental and 3% organic) were

modeled in the analysis.

6 Assumptions acceptable to the NRC staff related to the transport, Conforms See below.
reduction, and release of radioactive material in and from the
containment are as follows.

6.1 A reduction in the amount of radioactive material available for leakage Not No removal processes were modeled in containment
from the containment that is due to natural deposition, containment Applicable besides leakage and decay.
sprays, recirculating filter systems, dual containments, or other
engineered safety features may be taken into account. Refer to
Appendix A to this guide for guidance on acceptable methods and
assumptions for evaluating these mechanisms.

6.2 The containment should be assumed to leak at the leak rate incorporated Conforms The primary containment peak pressure leak rate was
in the technical specifications at peak accident pressure for the first defined as 0.2% by weight of containment air. This
24 hours, and at 50% of this leak rate for the remaining duration of the leak rate was reduced to 0.1% after the first 24 hours
accident. Peak accident pressure is the maximum pressure defined in the of the accident.
technical specifications for containment leak testing. Leakage from
subatmospheric containments is assumed to be terminated when the
containment is brought to a subatmospheric condition as defined in
technical specifications.

7.1 A leak rate equivalent to the primary-to-secondary leak rate limiting Conforms The accident-induced Technical Specification Bases
condition for operation specified in the technical specifications should leakage of 1 gpm was assumed to be evenly
be assumed to exist until shutdown cooling is in operation and releases apportioned to the steam generators. The primary-to-
from the steam generators have been terminated. secondary leakage was terminated when the release of

radioactivity from the steam generators was
terminated. This occurred at 12 hours when the
residual heat removal system was in service and
removing all decay heat.
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RG
Section RG Position Analysis Comments

7.2 The density used in converting volumetric leak rates (e.g., gpm) to mass Conforms A density of 1.0 gm/cc (62.4 Ibm/fl3) was used.
leak rates (e.g., lbm/hr) should be consistent with the basis of
surveillance tests used to show compliance with leak rate technical
specifications. These tests typically are based on cooled liquid. The
facility's instrumentation used to determine leakage typically is located
on lines containing cool liquids. In most cases, the density should be
assumed to be 1.0 gm/cc (62.4 Ibm/ft3).

7.3 All noble gas radionuclides released to the secondary system are Conforms No reduction or mitigation of noble gas activity in
assumed to be released to the environment without reduction or releases from the primary system was modeled.
mitigation.

7.4 The transport model described in assumptions 5.5 and 5.6 of Conforms The transport model described in Regulatory
Appendix E should be utilized for iodine and particulates. Positions 5.5 and 5.6 of Appendix E for iodine and

particulates was considered as appropriate in the rod
ejection event.
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6 REGULATORY GUIDE 1.145 CONFORMANCE TABLE

Regulatory Guide 1.145, Revision 1, "Atmospheric Dispersion Models for Potential Accident
Consequence Assessments at Nuclear Power Plants" - Conformance Table

NOTE: The text shown in the "RG Position" columns is taken from Regulatory Guide 1.145. Therefore,
references to footnotes, tables, and numbered references may be found in the regulatory guide.
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REGULATORY GUIDE 1.145 COMPARISON

Conformance with Regulatory Guide 1.145

RG
Section RG Position Analysis Comments

I Equations and parameters presented in this section should be used Conform No equations and parameters were modified. The
unless unusual sitting, meteorological, or terrain conditions dictate the analysis conforms by the use of PAVAN.
use of other models or considerations. Site-specific atmospheric
diffusion tests covering a full range of conditions may be used as a basis
for modifying the equations and parameters.

1.1 The meteorological data needed for X/Q calculations include Conform The meteorological data were collected in accordance
windspeed, wind direction, and a measure of atmospheric stability, with Regulatory Guide 1.23.
These data should represent hourly averages as defined in Regulatory
Guide 1.23.

1.1 Wind direction should be classed into 16 compass directions Conform The analysis conforms by the use of PAVAN.
(22.5-degree sectors centered on true north, north-northeast, etc.).

1.1 Atmospheric stability should be determined by vertical AT between the Conform Atmospheric stability was determined by vertical AT
release height and the 10-meter level. Acceptable stability classes are between the 60-meter level and the 10-meter level.
given in Regulatory Guide 1.23. If other well-documented parameters The range of possible release height 17.37 m to
are used to determine plume dispersion (with appropriate justification), 66.25 m is approximately in the same range as the
the models described in this guide may require modification. A well- measurement level.
documented parameter is one that is substantiated by diffusion data
collected in terrain conditions similar to those at the nuclear power plant
site being considered.

1.1 Calms should be defined as hourly average windspeeds below the vane Conform Calms were defined as stated by the Regulatory
or anemometer starting speed, whichever is higher (to reflect limitations Guide. The instrumentation program conforms to
in instrumentation). If the instrumentation program conforms to the Regulatory Guide 1.23.
regulatory position in Regulatory Guide 1.23, calms should be assigned
a windspeed equal to the vane or anemometer starting speed, whichever
is higher. Otherwise, consideration of a conservative evaluation of
calms, taking into account the limitations of the windspeed
measurement system, will be necessary. Wind directions during calm
conditions should be assigned in proportion to the directional
distribution of noncalm winds with speeds less than 1.5 meters per
second .
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Conformance with Regulatory Guide 1.145
(cont.)

RG
Section RG Position Analysis Comments

1.2 For each wind direction sector, X/Q values for each significant release Conform The EAB distance and the LPZ distance have been
point should be calculated at an appropriate exclusion area boundary defined in the USAR as a uniform distance in all
distance and outer low population zone (LPZ) boundary distance. The directions. All release points are assumed to be at the
following procedure should be used to determine these distances. The same point. No differentiation was made among
procedure takes into consideration the possibility of curved airflow different release points in terms of EAB and LPZ
trajectories, plume segmentation (particularly in light wind, stable distances.
conditions), and the potential for windspeed and direction frequency
shifts from year to year.

1.2 For each of the 16 sectors, the distance for exclusion area boundary or Conform The EAB distance and the LPZ distance have been
outer LPZ boundary X/Q calculation should be the minimum distance defined in the USAR as a uniform radius of a circle in
from the stack or, in the case of releases through vents or building all directions. No differentiation was made among
penetrations, the nearest point on the building to the exclusion area different release points in terms of EAB and LPZ
boundary or outer LPZ boundary within a 45-degree sector centered on distances. The radius is the minimum straight line
the compass direction of interest, distance.

1.2 For stack releases, the maximum ground-level concentration in a sector Not applicable Stack releases are not considered in the calculation.
may occur beyond the exclusion area boundary distance or outer LPZ
boundary distance. Therefore, for stack releases, X/Q calculations
should be made in each sector at each boundary distance and at various
distances beyond the exclusion area boundary distance to determine the
maximum relative concentration for consideration in subsequent
calculations.

1.3 Relative concentrations that can be assumed to apply at the exclusion Conform The analysis conforms by the use of PAVAN.
area boundary for 2 hours immediately following an accident should be
determined.4 Calculations based on meteorological data averaged over a
1-hour period should be assumed to apply for the entire 2-hour period.
This assumption is reasonably conservative considering the small
variation of X/Q values with averaging time (Ref. 8). If releases
associated with a postulated event are estimated to occur in a period of
less than 20 minutes, the applicability of the models should be evaluated
on a case-by-case basis.
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Conformance with Regulatory Guide 1.145
(cont.)

RG
Section RG Position Analysis Comments

1.3.1 This class of release modes includes all release points or areas that are Conform The analysis conforms by the use of PAVAN.
effectively lower than two and one-half times the height of adjacent
solid structures (Ref. 9). Within this class, two sets of meteorological
conditions are treated differently, as follows:

a. During neutral (D) or stable (E, F, or G) atmospheric stability
conditions when the windspeed at the 10-meter level is less than 6
meters per second, horizontal plume meander can be considered.
x/Q values may be determined through selective use of the
following set of equations for ground-level relative concentrations
at the plume centerline:

x/Q = ( I )
'Io I(no y~ AI2)

XlQ = 1 (2)

U (7no a)

x/Q (3)
tT1 0ni y

x/Q values should be calculated using Equations 1, 2, and 3. The
values from Equations 1 and 2 should be compared and the higher
value selected. This value should be compared with the value from
Equation 3, and the lower value of these two should be selected as
the appropriate X/Q value. Examples and a detailed explanation of
the rationale for determining the controlling conditions are given in
Appendix A to this guide.

1.3.1 b. During all other meteorological conditions, plume meander should Conform The analysis conforms by the use of PAVAN.
not be considered. The appropriate X/Q value for these conditions is
the higher value calculated from Equation 1 or 2.
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Conformance with Regulatory Guide 1.145
(cont.)

RG
Section RG Position Analysis Comments

1.3.2 This class of release modes includes all release points at levels that are Not Stack releases are not considered in the calculation.
two and one-half times the height of adjacent solid structures or higher applicable.
(Ref. 9). Nonfumigation conditions are treated separately.

1.3.2 a. For nonfumigation conditions, the equation for ground-level Not Stack releases are not considered in the calculation.
relative concentration at the plume centerline for stack releases is: applicable.

r-h .2, V .. J 4
ll -expr(4

For those cases in which the applicant can demonstrate that the
vertical velocity of effluent plumes from the plant (because of either
buoyancy or mechanical jet effects] will be maintained during the
course of the accident, the additional velocity may be considered in
the determination of the effective stack height (he) using the same
procedures described in regulatory position 2.a of Regulatory
Guide 1.111, "Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents in Routine Releases from
Light-Water-Cooled Reactors."
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Conformance with Regulatory Guide 1.145
(cont.)

RG
Section RG Position Analysis Comments

1.3.2 b. For fumigation conditions; a "fumigation X/Q" should be calculated Not Stack releases are not considered in the calculation.
for each sector as follows. The equation for ground-level relative applicable.
concentration at the plume centerline for stack releases during
fumigation conditions is:

I
X/Q = , he > 0 (5)

(21r Uhe yhe

Equation 5 cannot be applied indiscriminately because the x/Q
values calculated, using this equation, become unrealistically large
as he becomes small (on the order of 10 meters). The x/Q values
calculated using Equation 5 must therefore be limited by certain
physical restrictions. The highest ground-level X/Q values from
elevated releases are expected to occur during stable conditions
with low windspeeds when the effluent plume impacts on a terrain
obstruction (i.e., he = 0). However, elevated plumes diffuse upward
through the stable layer aloft as well as downward through the
fumigation layer. Thus ground-level relative concentrations for
elevated releases under fumigation conditions cannot be higher than
those produced by nonfumigation, stable atmospheric conditions
with he = 0. For the fumigation case that assumes F stability and a
windspeed of 2 meters per second, Equation 4 should be used
instead of Equation 5 at distances greater than the distance at which
the x/Q values determined using Equation 4 with he = 0, and
Equation 5 are equal.

1.4 Two-hour x/Q values should also be calculated at outer LPZ boundary Conform The analysis conforms by the use of PAVAN.
distances. The procedures described above for exclusion area boundary
distances (see regulatory position 1.3) should be used.
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Conformance with Regulatory Guide 1.145
(cont.)

RG
Section RG Position Analysis Comments

1.4 An annual average (8760-hour) X/Q should be calculated for each sector Conform The analysis conforms by the use of PAVAN.
at the outer LPZ boundary distance for that sector, using the method
described in regulatory position L .c of Regulatory Guide 1.111,
"Methods for Estimating Atmospheric Transport and Dispersion of
Gaseous Effluents in Routine Releases from Light-Water-Cooled
Reactors." (For stack releases, he should be determined as described in
regulatory position 1.3.2 above.)

1.4 These calculated 2-hour and annual average values are used in Conform The analysis conforms by the use of PAVAN.
regulatory position 2.2 to determine sector X/Q values at outer LPZ
boundary distances for various intermediate time periods periods.6

2.1.1 Using the x/Q values calculated for each hour of data according to Conform The analysis conforms by the use of PAVAN.
regulatory position 1.3, a cumulative probability distribution of X/Q
values should be constructed for each of the 16 sectors. Each
distribution should be described in terms of probabilities of given X/Q
values being exceeded in that sector during the total time. A plot of X/Q
versus probability of being exceeded should be made for each sector,
and a curve should be drawn to form an upper bound of the data points.
For each of the 16 curves, the x/Q value that is exceeded 0.5 percent7 of
the total number of hours in the data set should be selected (Ref. 10).
These are the sector X/Q values. The highest of the 16 sector values is
defined as the maximum sector x/Q value.

2.1.2 Regulatory position 1.3.2 describes procedures for calculating a Not Stack releases are not considered in the calculation.
fumigation x/Q for each sector. These sector fumigation values, and the applicable.
general (nonfumigation) sector values obtained in regulatory
position 2.1.1, are used to determine appropriate sector X/Qs.
Conservative assumptions for fumigation conditions, which differ for
inland and coastal sites, are described below. Modifications may be
appropriate for specific sites.

August 2013
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 6-8
WESTINGHOUSE NON-PROPRIETARY CLASS 3 6-8

Conformance with Regulatory Guide 1.145
(cont.)

RG
Section RG Position Analysis Comments

2.1.2 a. Inland Sites: For stack releases at sites located 3.2 kilometers or Not Stack releases are not considered in the calculation.
more from large bodies of water (e.g., oceans or Great Lakes), a applicable.
fumigation condition should be assumed to exist at the time of the
accident and continue for 1/2 hour (Ref. 11). For each sector, if the
sector fumigation x/Q exceeds the sector nonfumigation x/Q, use
the fuimigation value for the 0 to 1/2-hour time period and the
nonfumigation value for the 1/2-hour to 2-hour time period.
Otherwise, use the nonfumigation sector value for the entire 0 to
2-hour time period. The 16 (sets of) values thus determined will be
used in dose assessments requiring time-integrated concentration
considerations.

2.1.2 b. Coastal Sites: For stack releases at sites located less than Not Stack releases are not considered in the calculation.
3.2 kilometers from large bodies of water, a fumigation condition applicable.
should be assumed to exist at the exclusion area boundary at the
time of the accident and continue for the entire 2-hour period. For
each sector, the larger of the sector fumigation X/Q and the sector
nonfumigation x/Q should be used for the 2-hour period. Of the
16 sector values, the highest is the maximum sector x/Q value.

2.1.2 c. Modifications: These conservative assumptions do not consider Not Stack releases are not considered in the calculation.
frequency and duration of fumigation conditions as a function of applicable.
airflow direction. If information can be presented to substantiate the
likely directional occurrence and duration of fumigation conditions
at a site, the assumptions of fumigation in all appropriate directions
and of duration of 1/2 hour and 2 hours for the exclusion area
boundary may be modified. Then fumigation need only be
considered for airflow directions in which fumigation has been
determined to occur and of a duration determined from the study of
site conditions. 8
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Conformance with Regulatory Guide 1.145
(cont.)

RG
Section RG Position Analysis Comments

2.2.1 Sector X/Q values for the outer LPZ boundary should be determined for Conform The analysis conforms by the use of PAVAN.
various time periods throughout the course of the postulated accident. 9

The time periods should represent appropriate meteorological regimes,
e.g. 8 and 16 hours and 3 and 26 days as presented in Section 2.3.4 of
Regulatory Guide 1.70, "Standard Format and Content of Safety
Analysis Reports for Nuclear Power Plants--LWR Edition," or other
time periods appropriate to release durations.

2.2.1 For a given sector, the average X/Q values for the various time periods Conform The analysis conforms by the use of PAVAN.
may be approximated by a logarithmic interpolation between the
2-hour'0 sector X/Q and the annual average (8760-hour) x/Q for the
same sector. The 2-hour sector x/Q for the outer LPZ boundary is
determined using the general method given for the exclusion area
boundary in regulatory position 2.1. The annual average X/Q for a given
sector is determined as described in regulatory position 1.4.

2.2.1 The logarithmic interpolation procedure produces results that are Conform The analysis conforms by the use of PAVAN.
consistent with studies of variations of average concentrations with time
periods up to 100 hours (Ref. 8). Alternative methods should also be
consistent with these studies and should produce results that provide a
monotonic decrease in average x/Q with time.

2.2.1 For each time period, the highest of the 16 sector x/Q values should be Conform The analysis conforms by the use of PAVAN.
identified. In most cases, these highest values will occur in the same
sector for all time periods. These are then the maximum sector x/Q
values. However, if the highest sector X/Qs do not all occur in the same
sector, the 16 (sets of) values will be used in dose assessments requiring
time-integrated concentration considerations. The set of X/Q values
resulting in the highest time-integrated dose within a sector should be
considered the maximum sector X/Q values.

2.2.2 Determination of sector X/Q values for fumigation conditions at the Not Stack releases are not considered in the calculation.
outer LPZ boundary involves the following assumptions concerning the applicable.
duration of fumigation for inland and coastal sites:
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Conformance with Regulatory Guide 1.145
(cont.)

RG
Section RG Position Analysis Comments

2.2.2 a. Inland sites: For stack releases at sites located 3.2 kilometers or Not Stack releases are not considered in the calculation.
more from large bodies of water, a fumigation condition should be applicable.
assumed to exist at the outer LPZ boundary at the time of the
accident and continue for 1/2 hour. Sector X/Q values for
fumigation should be determined as for the exclusion area boundary
in regulatory position 2.1.2.

2.2.2 b. Coastal Sites: For stack releases at sites located less than Not Stack releases are not considered in the calculation.
3200 meters from large bodies of water, a fumigation condition applicable.
should be assumed to exist at the outer LPZ boundary following the
arrival of the plume and continue for a 4-hour period. Sector z/Q
values for fumigation should be determined as for the exclusion
area boundary in regulatory position 2.1.2.

2.2.2 c.The modifications discussed in regulatory position 2.1.2 may also be Not Stack releases are not considered in the calculation.
considered for the outer LPZ boundary. applicable.

3 The X/Q values that are exceeded no more than 5 percent of the total Conform The analysis conforms by the use of PAVAN.
number of hours in the data set around the exclusion area boundary and
around the outer LPZ boundary should be determined as follows
(Ref. 10):

3 Using the x/Q values calculated according to regulatory position 1, an Conform The analysis conforms by the use of PAVAN.
overall cumulative probability distribution for all directions combined
should be constructed. A plot of X/Q versus probability of being
exceeded should be made, and an upper bound curve should be drawn.
The 2-hour X/Q value that is exceeded 5 percent of the time should be
selected from this curve as representing the dispersion condition
indicative of the type of release being considered. In addition, for the
outer LPZ boundary the maximum of the 16 annual average X/Q values
should be used along with the 5 percent 2-hour x/Q value to determine
X/Q values for the appropriate time periods by logarithmic interpolation.
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Conformance with Regulatory Guide 1.145
(cont.)

RG
Section RG Position Analysis Comments

4 The X/Q value for exclusion area boundary or outer LPZ boundary Conform The X/Q values for dose evaluations are taken as the
evaluations should be the maximum sector X/Q (regulatory position 2) larger of the maximum sector X/Q or the 5 percent
or the 5 percent overall site X/Q (regulatory position 3), whichever is overall site X/Q.
higher. All direction-dependent sector values should be presented for
consideration of the appropriateness of the exclusion area and outer
LPZ boundaries. Where the basic meteorological data necessary for the
analyses described herein substantially deviate from the regulatory
position stated in Regulatory Guide 1.23, consideration should be given
to the resulting uncertainties in dispersion estimates.
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7 REGULATORY GUIDE 1.194 CONFORMANCE TABLE

Regulatory Guide 1.194, Revision 0, "Atmospheric Relative Concentrations for Control Room
Radiological Habitability Assessments at Nuclear Power Plants" - Conformance Table

NOTE: The text shown in the "RG Position" columns is taken from Regulatory Guide 1.194. Therefore,
references to footnotes, tables, and numbered references may be found in the regulatory guide.
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REGULATORY GUIDE 1.194 COMPARISON

Conformance with Regulatory Guide 1.194

RG
Section RG Position Analysis Comments

I 95th-percentile -/Q value: The y/Q value that is not exceeded by more Conform The analysis is performed using the
than 5.0 percent of the x/Q values generated with the meteorological ARCON96 code which provides
observations in the data set. Unless otherwise stated, all X/Q values results that conform to this definition.
referred to in this guide are 95th-percentile values.

Control Room: The plant area, defined in the facility licensing basis, in Conform The analysis is performed to
which actions can be taken to operate the plant safely under normal determine the dose received by
conditions and to maintain the reactor in a safe condition during personnel within the control room.
accident situations. It encompasses the instrumentation and controls
necessary for a safe shutdown of the plant and typically includes the
critical document reference file, the computer room (if used as an
integral part of the emergency response plan), shift supervisor's office,
the operator wash room and kitchen, and other critical areas to which
frequent personnel access or continuous occupancy may be necessary in
the event of an accident.

Control Room Envelope (CRE): The plant area, defined in the facility Conform The control room envelope includes
licensing basis, that in the event of an emergency can be isolated from the control room and all areas in or
the plant areas and the environment external to the CRE. This area is adjacent to the control room
served by an emergency ventilation system, with the intent of containing plant information and
maintaining the habitability of the control room. This area encompasses equipment that may be needed during
the control room, and may encompass other non-critical areas to which an emergency, including pantry,
frequent personnel access or continuous occupancy is not necessary in sanitary facilities, and Class 1E air-
the event of an accident. conditioning equipment rooms.
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Conformance with Regulatory Guide 1.194
(cont.)

RG
Section RG Position Analysis Comments

I Control Room Intake: The location at which the released radioactive Conform Control Room pressurization fans
material enters the CRE. Includes intentional ventilation system outside move outside air into the control
air intakes and other locations of significant infiltration into the CRE. building. Once inside the control

building, the control room filtration
fans are used to move the air into the
control room. The HVAC intake for
the control room pressurization fans is
used for the X/Q receptor location.

The analysis considers the Control
Room air intakes (vents 302 and 303)
which supply the Control Room
ventilation system.

Freestanding Stack: A stack located outside the zone of influence of Not Applicable All releases in the analysis are ground
structures in the vicinity of the stack. (See Regulatory Position C.3.2.2) level releases. No stack releases are

analyzed.

hIfiltration (or Inleakage): The transport of released radioactive Conform This is a definition of inleakage. The
materials into the CRE via interstices in the structures, systems, and analysis of inleakage conforms to this
components that comprise the CRE. Such a transport is driven by definition.
pressure differentials between the CRE and areas external to the CRE.

Slant Path: The shortest line-of-sight distance from the release point to Conform The analysis is performed using
the control room intake, based on the differences in elevation and the source to receptor distances that are
horizontal intervening distance; calculated and used as the source-to- calculated along paths that conform to
receptor distance by ARCON96. this definition.
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Conformance with Regulatory Guide 1.194
(cont.)

RG
Section RG Position Analysis Comments

2 The May 9, 1997, version of the ARCON96 code as described in Conform The analysis follows the
Revision 1 of NUREG/CR-6331 (Ref. 1) is an acceptable methodology recommendations of RG 1.194. In
for assessing control room X/Q values for use in design basis addition, the configuration of the
accident (DBA) radiological analyses, subject to the positions in this WCGS site (terrain, building
guide, unless unusual sitting, building arrangement, release arrangement, source-receptor
characterization, source-receptor configuration, meteorological regimes, configuration, and meteorological
or terrain conditions indicate otherwise. These latter situations need to regimes) are conventional and do not
be addressed on a case-by-case basis, require additional special

consideration.

2 Although the ARCON96 code, when used as described in this guide, Conform The analysis uses the ARCON96 code
can provide an improved basis for determining site-specific x/Q values, to replace the existing licensing basis
holders of operating licenses may continue to use X/Q values methodology in order to determine
determined with methodologies previously approved by the NRC staff x/Q values for recently collected
and documented in the facility's final safety analysis report (FSAR) to meteorological data.
the extent that these values are appropriate for the application in which
they are being used.3 Licensees may also continue to use the licensing
basis methodology for determining X/Q values for newly identified
source-receptor combinations or re-generating the approved x/Q values
using more recently collected meteorological data sets. The ARCON96
code and the other models addressed in this guide may be used
voluntarily, subject to the guidance herein, as a replacement for the
existing licensing basis methodology for determining X/Q values for
design basis control room radiological habitability. Since the existing
licensing basis methodology remains valid, a licensee may use the
ARCON96 code and the other models addressed in this guide on a
selective basis, that is, it is not necessary that existing X/Q values be
updated. The NRC staff does expect that the methodologies will be
applied consistently in any particular accident assessment.
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Conformance with Regulatory Guide 1.194
(cont.)

RG
Section RG Position Analysis Comments

2 For each of the source-to-receptor combinations, the 9 5th percentile X/Q Conform The analysis calculates 9 5th percentile
should be determined. Values for parameters used as input to the x/Q X/Q values for each source-to-receptor
assessment should be selected consistent with achieving this confidence combination.
level. Selection of conservative, bounding source-to-receptor
combinations and less detailed site parameters for the X/Q evaluation
may be sufficient to establish compliance with regulatory guidelines.

2 Control room X/Q values are generally determined for each of the For information The analysis determines X/Q values
following averaging periods: 0-8 hours (or 0-2 hours and 2-8 hours), for the following averaging periods:
8-24 hours, 24-96 hours, 96-720 hours. The period of the most adverse 0-2 hours, 2-8 hours, 8-24 hours,
release of radioactive materials to the environment should be assumed 24-96 hours, and 96-720 hours.
to occur coincident with the period of most unfavorable atmospheric
dispersion. If the 0-2 hour x/Q is calculated, this value should be used
coincident with the limiting portion of the release to the environment.
The 2-8 hour X/Q value is used for the remaining 6 hours of the first 8-
hour time period. Part of this 6-hour interval may occur before or after
the limiting 2-hour period. The 8-24, 24-96, and 96-720 hour X/Q
values should similarly be used for the remainder of the release
duration. For facilities using the traditional TID-14844 (Ref. 11) source
term, the 2-hour period will generally coincide with the start of the
event. For facilities with design basis analyses that include an
altemative source term, the 2-hour period is often the onset of the
in-vessel release phase. In any case, the start of this period should be
determined as a part of the analyses for each facility.

3 This section addresses the use of the ARCON96 code for calculating Conform The ARCON96 code used to perform
x/Q values for design basis control room radiological habitability the analysis has been obtained and
assessments. The ARCON96 code should be obtained and maintained maintained under the Fauske and
under an appropriate software quality assurance program that complies Associates quality assurance program.
with the applicable criteria of Appendix B, "Quality Assurance Criteria This quality assurance program
for Nuclear Power Plants and Fuel Reprocessing Plants," to 10 CFR complies with the criteria stated in
Part 50 and applicable industry consensus standards to which the Appendix B to 10 CFR Part 50.
licensee has committed.
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Conformance with Regulatory Guide 1.194
(cont.)
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Section RG Position Analysis Comments

3.1 The meteorological data needed for x/Q calculations include wind Conform The meteorological data used in the
speed, wind direction, and a measure of atmospheric stability. These analysis represent hourly averages as
data should be obtained from an onsite meteorological measurement defined in Safety Guide 23. The data
program based on the guidance of Safety Guide 23, "Onsite has been reviewed and any anomalous
Meteorological Programs" (Ref. 12), that includes quality assurance observations have been removed. Data
provisions consistent with Appendix B to 10 CFR Part 50. The for a five year period from 2006
meteorological data set used in these assessments should represent through 2010 are used in the analysis.
hourly averages as defined in Safety Guide 23. Data should be
representative of the overall site conditions and be free from local
effects such as building and cooling tower wakes, brush and vegetation,
or terrain. Collected data should be reviewed to identify instrumentation
problems and missing or anomalous observations (see Ref. 13). The size
of the data set used in the X/Q assessments should be sufficiently large
such that it is representative of long-term meteorological trends at the
site. The NRC staff considers 5 years of hourly observations to be
representative of long-term trends at most sites. With sufficient
justification of its representativeness, however, the minimum
meteorological data set is one complete year (including all four seasons)
of hourly observations.

3.1 Wind direction should be expressed as the direction from which the Conform The meteorological data conform to
wind is blowing (i.e., the upwind direction from the center of the site) this wind direction convention.
referenced from true north.

3.1 Atmospheric stability should be determined by the vertical temperature Conform Atmospheric stability was determined
difference (AT) measured over the difference in height appropriate for by vertical AT between the 60-meter
the projected release height (including plume rise as applicable). A table level and the 10-meter level. The
of AT values in units of degrees Centigrade per 100 meters (°C/l00m) range of possible release height
versus stability class is given in Safety Guide 23 (Ref. 12). If other 17.37 m to 66.25 m is approximately
well-documented methodologies are used to estimate atmospheric in the same range as the measurement
stability (with appropriate justification), the models described in this level.
guide may require modification. A well-documented methodology is
one that is substantiated by diffusion data for conditions similar to those
at the nuclear power plant site involved.
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Conformance with Regulatory Guide 1.194
(cont.)

RG
Section RG Position Analysis Comments

3.1 Appendix A provides information on the structure and content of the Conform The ARCON96 meteorological data
meteorological data set and input parameters used by the ARCON96 input files have been created in
code. conformance with the format specified

I__ Appendix A to RG 1.194.

3.2 A 95t-percentile X/Q value should be determined for each identified Conform The analysis calculates 9 5 th percentile
source-receptor combination. However, it may be possible to identify X'Q values for each source-to-receptor
bounding combinations in order to reduce the needed calculational combination. All sources are treated
effort. In determining the bounding combinations it will be necessary to as point sources. The source-to-
consider the distance, direction, release mode, and height of the various receptor distance has been calculated
release points to the environment in relation to the various control room using points on the source and
intakes. Additional parameters, such as those used in establishing plume receptor that yield the shortest
rise, may need to be considered in determining the bounding distance. The analysis methodology
combination. yields conservative X/Q values.

3.2 For cases involving two or more release pathways associated with a Not Applicable The analysis treats all sources as point
single release source, a calculated composite value of x/Q may be sources. The source-to-receptor
considered on a case-by-case basis if the licensee can demonstrate an distance has been calculated using
acceptable modeling approach and justify the conservatism of any points on the source and receptor that
assumed weighting factors, yield the shortest distance. The

analysis methodology yields
conservative X/Q values.
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3.2 Changes in associated parameters that could occur as a result of Conform Five locations have been characterized
differences between normal operation and accident conditions, as potential release points.
differences between accidents, differences that occur over the duration During accident and normal
of the accident, single failure considerations, and considerations of loss operations, air located in the auxiliary
of offsite power, consistent with accident sequences and descriptions, building and fuel building is
must all be considered in the characterization of the release points. exhausted through the unit vent.

During emergency modes of
operation, the air is moved through a
filter prior to being exhausted;
however, the location of the exhaust
does not change.

The remaining release points are not
impacted by a loss of offsite power.

3.2 The ARCON96 code provides options that allow an analyst to model Not Applicable This statement is a description of the
ground-level, elevated stack, and vent-point source releases. In addition, ARCON96 code and does not require
the analyst can model diffuse area sources as a sub mode of the ground- conformance.
level release type. These modes and limitations on their use are
discussed in the positions that follow.

3.2.1 The ground-level release mode is appropriate for the majority of control Conform The analysis considers all releases to
room X/Q assessments. If the release type is ground level, ARCON96 be ground-level releases.
ignores all user inputs related to release velocity and radius. Release
height is used to establish the plume slant path.
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3.2.2 The stack release mode is appropriate for releases from a freestanding, Not Applicable The analysis considers all releases to
vertical, uncapped stack that is outside the directionally dependent zone be ground-level releases.
of influence of adjacent structures. Such a stack should be more than
2-1/2 times the height of the adjacent structures or be located

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

where L is the lesser of the height or width of the building creating the
downwind, upwind, or crosswind wake. Since L will be dependent on
wind direction for most building clusters, it will generally be necessary
to assess the zone of influence for all directions within the 900 wind
direction sector centered on the line of sight between the stack and the
control room intake. If multiple intakes are involved such that upwind,
downwind, and crosswind orientations are confounded, 5L could be
used for each orientation. See Figure 1. Plume rise from buoyancy or
mechanical jet effects are not calculated by ARCON96. The analyst
may determine plume rise and add the amount of rise to the physical
height of the stack to obtain an effective plume height as described in
Regulatory Position 6 of this guide.4 Although ARCON96 does not
determine plume rise, the input values of stack flow, radius, and vertical
velocity are used by ARCON96 to assess downwash and to estimate a
limiting X/Q value.
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3.2.2 If the control room intake is located close to the base of a tall stack, the Not Applicable The analysis considers all releases to
elevated release model in ARCON96 generates negligibly low X/Q be ground-level releases.
values. Although perhaps numerically correct, these model results may
not be sufficiently conservative for a design basis assessment since the
model does not adequately address meteorological conditions that could
result in higher X/Q values. Although the staff has previously suggested
that licensees model fumigation as a mechanism to address this
situation, the fumigation model did not appear to adequately estimate
the effluent concentrations at the bases of industrial stacks.
Concentrations greater than those predicted by ARCON96 could result
from diurnal wind direction changes, meander, or stagnation. Therefore,
the following procedure should be used to assess whether a particular
stack-intake configuration is subject to this concern and to determine
the appropriate X/Q values.

3.2.2 In addition to running ARCON96 to determine the elevated stack X/Q Not Applicable The analysis considers all releases to
values for the control room assessment, the analyst should calculate the be ground-level releases.
maximum elevated stack x/Q value (non-fumigation) using the
methodology of Regulatory Guide 1.145 (Ref. 9) to determine the
maximum X/Q value at ground level for the 0-2 hour interval and for the
24-96 and 96-720 hour intervals. The NRC-sponsored code, PAVAN
(Ref. 14), is acceptable to the staff for this assessment. For this
assessment, the input parameters should be adjusted such that the
effective release height is measured from the elevation of the control
room outside air intake rather than plant grade. The same release point
characterization and meteorological data sets used in ARCON96 should
be used to determine the x/Q values for several distances in each wind
direction sector with the objective of identifying the maximum X/Q
value. Figure A.4 of Reference 15 may be useful in this regard. The
maximum X/Q value obtained for the 0-2 hour interval should be
compared to the corresponding X/Q value generated by ARCON96 and
the higher value used in habitability assessments. The X/Q values
generated by ARCON96 for the 2-8 and the 8-24 hour intervals may be
used without adjustment.
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3.2.2 For the 24-96 hour and 96-720 hour intervals, the following expressions Not Applicable The analysis considers all releases to
may be used to determine the effective x/Q. This deterministic approach be ground-level releases.
assumes that the stack plume reverses direction for 1 hour of each day
for the duration of the event. The plume is assumed to fold over itself
such that the ground level concentration is at its maximum value at the
control room intake.

23,( R01 J8(1

(_dXL9Egh7 
4.Wh 24 )n

= PAVAN A 'ARCO•O6

ý'l *(20h Q 6 -20hr± " 2 3 - 2 h() ,224

3.2.3 The ARCON96 calculation of vent releases includes an algorithm to Not Applicable The analysis considers all releases to
model mixed-mode releases as described in Regulatory Guide 1.111 be ground-level releases.
(Ref. 10), which addresses X/Q values used in the assessment of routine
effluent releases. The development of this algorithm was based in part
on limited field experiments. Given the limited experiment set, the
results obtained with this algorithm may not be sufficiently conservative
for accident evaluations. For this reason, the vent release mode should
not be used in design basis assessments. This position is consistent with
the guidance of Regulatory Guide 1.145 (Ref. 9) for offsite X/Q values.
These releases should be treated as a ground level release
(Section 3.2.1) or as an elevated release (Section 3.2.2).
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3.2.4 The diffusion models in ARCON96 are based on point-source Not Applicable The analysis considers all releases to
formulations. However, some release sources may be better be point-source releases.
characterized as area sources. Examples of possible area sources are
postulated releases from the surface of a reactor or a secondary
containment building. Typical assessments for loss-of-coolant accidents
(LOCAs) have conservatively assumed that the containment structure
could leak anywhere on the exposed surface. As such, these assessments
typically used the shortest distance between the building surface and the
control room intake and have treated the building as a point source. This
approach may be unnecessarily conservative. A more reasonable
approach, while still maintaining adequate conservatism, would be to
model the building surface as a vertical planar area source. This
approach is not intended to address dispersion resulting from building-
induced turbulence. Treatment of a release as a diffuse source will be
acceptable for design basis calculations if the guidance herein is
followed. The staff may consider deviations from this guidance on a
case-by-case basis.

3.2.4.1 Diffuse source modeling should be used only for those situations in Not Applicable The analysis considers all releases to
which the activity being released is homogeneously distributed be point-source releases.
throughout the building and when the assumed release rate from the
building surface would be reasonably constant over the surface of the
building. For example., steam releases within a turbine building with
roof ventilators or louvered walls would generally not be suitable for
modeling as a diffuse source. (See Regulatory Positions 3.2.4.7 and
3.2.4.8.)
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3.2.4.2 Since leakage is more likely to occur at a penetration, analysts must Conform The analysis considers several
consider the potential impact of building penetrations exposed to the possible release points including the
environment5 within this modeled area. If the penetration release would reactor building equipment hatch. All
be more limiting, the diffuse area source model should not be used. releases are considered to be point-
Releases from personnel air locks and equipment hatches exposed to the source releases.
environment, or containment purge releases prior to containment
isolation, may need to be treated differently. It may be necessary to
consider several cases to ensure that the X/Q value for the most limiting
location is identified.

3.2.4.3 The total release rate (e.g., Ci-s-) from the building atmosphere is to be Not Applicable The analysis considers all releases to
used in conjunction with the diffuse area source X/Q in assessments. be point-source releases.
This release rate is assumed to be equally distributed over the entire
diffuse source area from which the radioactivity release can enter the
environment. For freestanding containments, this would be the entire
periphery above grade or above a building that surrounds the lower
elevations of the containment. When a licensee can justify assuming
collection of a portion of the release from the containment within the
surrounding building, the total release from the containment may be
apportioned between the exposed and enclosed building surfaces.
Similarly, if the building atmosphere release is modeled through more
than one simultaneous pathway (e.g., drywell leakage and main steam
safety valve leakage in a BWR), only that portion of the total release
released through the building surface should be used with the diffuse
area X/Q. The release rate should not be averaged or otherwise
apportioned over the surface area of the building. For example, reducing
the release rate by 50 percent because only 50 percent of the surface
faces the control room intake would be inappropriate.
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3.2.4.4 ARCON96 uses two initial diffusion coefficients entered by the user to Not Applicable The analysis considers all releases to
represent the area source. There are insufficient field measurements to be point-source releases.
mechanistically model these initial diffusion coefficients. The following
deterministic equations should be used in the absence of site-specific
empirical data.6

Width area source (3)(Tyo 6()

Height area source (4)

6

3.2.4.5 The height and width of the area source (e.g., the building surface) are Not Applicable The analysis considers all releases to
taken as the maximum vertical and horizontal dimensions of the above- be point-source releases.
grade building cross-sectional area perpendicular to the line of sight
from the building center to the control room intake (see Figure 2).
These dimensions are projected onto a vertical plane perpendicular to
the line of sight and located at the closest point on the building surface
to the control room intake. The release height is set at the vertical center
of the projected plane. The source-to-receptor distance (slant path) is
measured from this point to the control room intake.

3.2.4.6 Intentional releases from a secondary containment (e.g., standby gas Not Applicable No secondary containment sources
treatment systems (SGTS) at BWR reactors) or annulus ventilation exist.
systems in dual containment structures should be treated as a ground-
level release or an elevated stack release, as appropriate. The diffuse
area source model may be appropriate for time intervals for which the
secondary containment or annulus ventilation system is not capable of
maintaining the requisite negative pressure differential specified in
technical specifications or in the FSAR. Secondary containment bypass
leakage (i.e., leakage from the primary containment that bypasses the
secondary containment and is not collected by the SGTS) should be
treated as a ground-level release or an elevated stack release, as
appropriate.
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3.2.4.7 A second possible application of the diffuse area source model is Not Applicable The analysis considers all releases to
determining a X/Q value for multiple (i.e., 3 or more) roof vents. This be point-source releases.
treatment would be appropriate for configurations in which (1) the vents
are in a close arrangement, (2) no individual vent is significantly7 closer
to the control room intake than the center of the area source, (3) the
release rate from each vent is approximately the same, and (4) no credit
is taken for plume rise. The distance to the receptor is measured from
the closest point on the perimeter of the assumed area source. For
assumed areas that are not circular, the area width is measured
perpendicular to the line of sight from the center of the assumed source
to the control room intake. The initial diffusion coefficient ayo is found
by Equation 3; 0 zo is assumed to be 0.0.
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3.2.4.8 A third possible application of the diffuse area source model is Not Applicable The analysis considers all releases to
determining a x/Q value for large louvered panels or large openings be point-source releases.
(e.g., railway doors on BWR Mark I plants) on vertical walls. This
treatment would be appropriate for a louvered panel or opening when
(1) the release rate from the building interior is essentially equally
dispersed over the entire surface of the panel or opening and
(2) assumptions of mixing, dilution, and transport within the building
necessary to meet condition 1 are supported by the interior building
arrangement. The staff has traditionally not allowed credit for mixing
and holdup in turbine buildings because of the buoyant nature of steam
releases and the typical presence of high volume roof exhaust
ventilators. The distance to the receptor and the release height is
measured from the center of the louvered panel or opening. Initial
diffusion coefficients are found using Equations 3 and 4 assuming the
width and height is that of the panel or opening rather than that of the
building. If the area source and the intake are on the same building
surface such that wind flows along the building surface would transport
the release to the intake, the initial dispersion coefficient will need to be
adjusted. If the included angle between the source-receptor line of sight
and the vertical axis of the assumed source is less than 45 degrees., Cry

should be set to 0.0. If the included angle between the source-receptor
line of sight and the horizontal axis of the assumed source is less than
45 degrees, ,yZo should be set to 0.0.
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3.3 This section of the guide provides guidance to the meteorological Conform The X/Q values for the control room
analyst in applying models for determining x/Q values that are intake were calculated and are used
appropriate for the as-built configuration of control room intakes, for both the control room intake and
Radioactive materials released during an accident can enter the control unintentional infiltration paths.
room envelope via several potential pathways. These pathways may be
intentional (e.g., ventilation system outside air intakes) and
unintentional infiltration paths (e.g., doorways, envelope penetrations,
leakage in ventilation system components). The applicable pathways
will vary from site to site depending on the arrangement of the control
room envelope in relation to other site buildings, the pressure
differentials between these buildings and the control room, the
configuration of control room ventilation systems, and the classification
of the control room dose control (e.g., zone isolation with filtered
pressurization, zone isolation with no pressurization). It may be
necessary to determine X/Q values for each potential pathway.
However, the selection of one or more bounding intakes for the X/Q
evaluation may be sufficient to establish compliance with regulatory
guidelines.

3.3.1 All control room ventilation systems draw makeup air from the Conform The analysis considers the Control
environment during normal operations and many draw air from the Room air intakes (vents 302 and 303)
environment for the purpose of supplying filtered pressurization air. The which supply the Control Room
configuration of these systems may change between normal and ventilation system.
emergency modes. In some configurations, normal ventilation outside The normal ventilation intake has
air intakes isolate and different intakes open to supply pressurization redundant safety related motor
air. Some intake dampers may have failure modes related to loss of ac operated dampers that can isolate the
power or single failures. These considerations should be evaluated in flow path. Since redundant dampers
identifying the control room outside air intakes for which X/Q values are used, failure of one will not
should be calculated. prevent the normal ventilation intake

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

3.3.2 The methods of this regulatory position involve identification of the Not Applicable The Control Room has only one air
limiting and favorable intakes with regard to their X/Q value. Because intake location.
of the interplay of building wake, plume rise, wind direction frequency,
intake flow rate, and other parameters, it may not be possible to identify
the limiting or favorable intake by observation. In these situations, x/Q
values should be calculated for each release point-intake combination
and the limiting and favorable intakes identified on the basis of these
values.
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3.3.2.1 If both of the dual intakes are located within the same wind direction Not Applicable The Control Room has only one air
window, both intakes could be contaminated (See Figure 3(a)). In this intake location.
case, the x/Q values for each air intake should be calculated using
ARCON96 as described in other sections of this guide and an effective
X/Q value calculated. Equation 5a should be used if the intake flow
rates are equal. If the intake flow rates are not equal, but the imbalance
does not shift between intakes, Equation 5b should be used. If the flow
rate imbalance can shift between intakes, Equation 5c should be used.
This calculation is repeated for each averaging time interval.

X/-i- =- 100/)l + (X./ Q)2] 5a

F ,Q = F (. ( / 0) , + F , ' Z 1 0. )2

F, + F2  (5b)

- max(FlF2). max / 10)1 (/ Q)2 I + r/Imin(FlF 2). minin['/(z Q)1,(y Q)2j
= F1 + F2  (5c)

Where:
,Y Q = Effective xiQ. s-1"

(Q/Q), (T/Q) _ = x/Q value for outside air intakes I and 2. S.,1-3

F1, F2 = Flow rate for outside air intakes 1 and 2., cfini
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3.3.2.2 If the dual outside air intakes are not in the same wind direction window Not Applicable The Control Room has only one air

but cannot be isolated by design, the x/Q values for the limiting outside intake location.
air intake should be calculated for each time interval as described
elsewhere in this guide. Equation 6a should be used if the intake flow
rates are equal. If the intake flow rates are not equal, but the imbalance
does not shift between intakes, Equation 6b should be used. If the flow
rate imbalance can shift between intakes, Equation 6c should be used.

x/Q = 2max[(x/Q)I,,0t Q)2j (6a)

/• =maxlF, (y/Q), F•. /Q.)2
F, + IF2 2(6b)

/ max(F, F2) max[(/ Q) ( )2]6)
F, + F2
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3.3.2.3 If the ventilation system design allows the operator to manually select Not Applicable The Control Room has only one air
the least contaminated outside air intake as a source of outside air intake location.
makeup and close the other intake, the x/Q values for each of the
outside air intakes should be calculated for each time interval as
described elsewhere in this guide. The x/Q value for the limiting intake
should be used for the time interval prior to intake isolation. This x/Q
value may be reduced by a factor of 2 to account for dilution by the
flow from the other intake (see Equation 6a).8 The X/Q values for the
favorable intake are used for the subsequent time intervals. The x/Q
values for the favorable intake may be reduced by a factor of 4 to
account for the dual inlet and the expectation that the operator will
make the proper intake selection. This protocol should be used only if
the dual intakes are in different wind direction windows and if there are
redundant, ESF-grade radiation monitors within each intake, with
control room indication and alarm, to monitor the intakes. The requisite
steps to select the least contaminated outside air intake, and provisions
for monitoring to ensure the least contaminated intake is in use
throughout the event, should be addressed in procedures and in operator
training.

3.3.2.3 A conservative delay time should be assumed for the operator to Not Applicable The Control Room has only one air
complete the necessary actions. This delay period should consider: intake location.
(1) the time for the operator to recognize the radiation monitor alarm
and determine its validity (as provided for in the alarm response
procedure), (2) delays associated with other accident response actions
competing for the operator's attention, (3) the time needed to complete
the actions, and (4) diesel generator sequencing time, if applicable. If
actions are required outside the control room, delays associated with
transit to the local control stations (including those delays caused by
worker radiological protection controls associated with accident dose
rates), and the availability of personnel should be considered.
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3.3.2.4 If the ventilation system design provides for automatic selection of the Not Applicable The Control Room has only one air
least contaminated outside air intake, the X/Q values for the favorable intake location.
intake should be calculated for each time interval as described
elsewhere in this guide. The X/Q values may be reduced by a factor
of 10 to account for the ability to automatically select a "clean" intake.
This protocol should be used only if the dual intakes are in different
wind direction windows, there are redundant ESF grade radiation
monitors within each intake, and an ESF-grade control logic and
actuation circuitry is provided for the automatic selection of a clean
intake throughout the event.

3.3.3 Infiltration of contaminated air to a control room can be minimized by For information The paragraph emphasizes the
proper design and maintenance of the control room envelope (CRE). importance of infiltration.
However, infiltration is always a possibility and the location and
significance of these leakage pathways may warrant determination of
X/Q values. An unfiltered inleakage path of 100 cfm can admit the same
quantity of radioactive material as a pressurization air intake having a
flow of 2000 cfm through a 95 percent efficient filter. The situation can
be further compounded if the x/Q for the unfiltered pathway is more
limiting than that for the control room outside air intake.

3.3.3 The infiltration paths actually applicable to a particular facility will be Conform Per Technical Specification
identified via inleakage testing or CRE inspections and surveillances. SR 3.7.10.4, unfiltered air inleakge
Refer to Table H-l, "Determination of Vulnerability Suspectibility," of testing of the CRE and CBE
NEI 99-03, "Control Room Habitability Guidance" (Ref. 16), for further boundaries is performed in accordance
guidance on infiltration pathways. with the Control Room Envelope

Habitability Program.
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3.3.3 A 95th-percentile X/Q value should be determined for each time interval Conform The primary contribution of in-
for any infiltration path that could result in a significant intake of leakage is primarily due to outside air
contaminated air into the CRE. Because of the interplay of source-to- that enters through the control
receptor distance and direction, infiltration path flow rate, whether the building intake and is able to leak past
path is filtered or unfiltered, and other considerations, it may not be filtration equipment while in the
possible to identify the potential impact of an infiltration path by HVAC ducts. Thus, the appropriate
observation. In these situations, X/Q values should be calculated for x/Q value to use for this parameter is
each pathway and the limiting X/Q value(s) identified. If there is the X/Q corresponding to the HVAC
sufficient margin available, it may be possible to calculate X/Q values intake louvers that provide outside air
assuming the shortest distance between the release point and any to the control room.
identified point of infiltration on the outside of the CRE. The x/Q values for the control room

intake were calculated and are used
for both the control room intake and
infiltration paths.

3.4 When the combinations of release points and intakes have been Conform The analysis uses receptor-to-source
identified, the direction and distance between the release point and the orientation inputs that conform to the
intake should be determined. Wind direction data are recorded as the coordinate system defined by
direction from which the wind blows (e.g., a north wind blows from the RG 1.194.
north, a wind blowing out of the west is recorded with a direction of
270 degrees). The direction input to ARCON96 is the wind direction
that would carry the plume from the release point to the intake.9 For
example, an analyst standing at the intake facing west to the release
point, would enter 270 degrees; an analyst facing north, would enter
360 degrees, etc.
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3.4 The source-to-receptor distance is the shortest horizontal distance Conform The analysis calculates distances
between the release point and the intake. ARCON96 will use this between release sources and the
distance and the elevations of the source and receptor to calculate the Control Room air intake along the
slant path. For an area source such as building surface, the shortest shortest path ("taut string length"). All
horizontal distance from the building surface to the control room intake distances are longer than 10 meters.
is used as the source-to-receptor distance. For releases within building
complexes, the shortest horizontal distance between the release point
and the intake could be through intervening buildings. In these cases, it
is acceptable to take the length of the shortest path (e.g., "taut string
length") around or over the intervening building as the source-to-
receptor distance. If the distance to the receptor is less than about
10 meters, the ARCON96 code and the procedures in Regulatory
Position 4 should not be used to assess X/Q values. These situations will
need to be addressed on a case-by-case basis.

4 This regulatory position addresses alternative methods for determining For information This statement does not require
X/Q values for control room radiological habitability assessments. The conformance.
methods in Regulatory Positions 4.1 to 4.3 are based on Murphy-Campe
(Ref. 2) and the Standard Review Plan Chapter 6.4 (Ref. 3).
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4.1 The 0-8 hour 95th-percentileIo X/Q value for a single point source on the Not Applicable All X/Q values have been calculated
surface of the containment or other building and a single point receptor using the ARCON96 code. No
with a difference in elevation less than 30 percent of the building height alternative calculation methods are
may be estimated using Equation 7. necessary.

x _ 1

0 3nUcy (7)
Wh7ere.

X/Q = Relative concentration at plutme centerliae tor time uiterval 0-S hours. sin

3 = Wake factor

U = Wind speed at 10 meterp,. '

Ua, o3 = Standaurd dcviation, in meters. of the gas conccUtration in the ho"izontal and
vertical cross wind directions evaluated at distance x irid by stabilit, class

4.2 Equation 8 may be used when the activity is assumed to leak from many Not Applicable All X/Q values have been calculated
points on the surface of a building such as the containment in using the ARCON96 code. No
conjunction with a single point receptor. This equation is also alternative calculation methods are
appropriate for point source-point receptors where the difference in necessary.
elevation between the source and the receptor is greater than 30 percent
of the height of the upwind building, typically the containment, which
creates the most significant building wake impact. The equation is also
applicable to a point source and volume receptor (e.g., an isolated
control room with infiltration occurring at many locations).

xQO = Relative concentraiiou at pluine centeinlie for rine interva, 0-8 hours. saf'3

U = Whld spee:l at 40 mtietelt eS. is-I
CF. a, = Sir.idar devialiri. In teter-.. of Ite am conrenmrario in the hori inrtat and

vertical cros& wvind directions evaluated at distamce x and by stability class
3

K - 3
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(cont.)
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Section RG Position Analysis Comments

S = Shortest distance between building siuface arid receptor location. In

d = Diameter oi' width of buildin., in

A = Cros.-section area ofbitildhhi, m2

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

4.3 Equations 7 and 8 of this guide may be used in conjunction with the Not Applicable All x/Q values have been calculated
procedures in Regulatory Position 3.3.2 to determine X/Q values for using the ARCON96 code. No
control room designs having two or more control room outside air alternative calculation methods are
intakes, each of which meets the requirements of an engineered safety necessary.
feature (ESF) including, as applicable, single-failure criteria for active
components, seismic criteria, and missile criteria. If Equation 8 of this
guide is used, the parameter K should be set to 0.0. In a change from
previous practice, the staff no longer finds Equation 7 of Reference 2 to
be acceptable for use in new applications.

4.4 Equations 7 and 8 are used to determine X/Q values for the first time Not Applicable All X/Q values have been calculated
interval of 0-8 hours. The X/Q values for other time intervals are using the ARCON96 code. No
obtained by adjusting for long-term meteorological averaging of wind alternative calculation methods are
speed and wind direction.'' This is accomplished by multiplying the necessary.
0-8 hour time interval X/Q value by a correction factor for wind speed
and a correction factor for wind direction.
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4.4.1 This correction is defined as the ratio of the wind speed used to Not Applicable All X/Q values have been calculated
determine the 0-8 hour X/Q value to the wind speed appropriate for each using the ARCON96 code. No
of the other time intervals. Column 2 of Table 1 tabulates the wind alternative calculation methods are
speed percentiles that correspond to each of these intervals. The hourly necessary.
data should be arranged in order of increasing wind speed and the wind
speed percentiles determined (i.e., the lowest wind speeds associated
with the lowest percentiles). Include only the wind speed data
associated with wind directions from sectors that result in receptor
contamination. Table 2 tabulates the size of the minimum wind
direction window to be used. From this ranking, identify the wind speed
value for each interval that is not exceeded more than the stated
percentage of the time. Divide this wind speed value into the
5th-percentile wind speed used to determine the 0-8 hour X/Q to obtain
the X/Q correction factor for wind speed. The values shown in Column
1 of Table 1 are representative correction factors that may be used if
hourly observation meteorological data are not available. [Refer to the
RG for the Tables]

4.4.2 The average wind direction frequency F is obtained by summing the Not Applicable All X/Q values have been calculated
annual average wind direction frequencies within the minimum using the ARCON96 code. No
window. Table 2 tabulates the size of the minimum wind direction alternative calculation methods are
window to be used. Column 2 of Table 3 is used to determine the X/Q necessary.
correction factor for wind direction for each time interval. Column 1 is
used when F has not been determined. [Refer to the RG for the Table]

5 The alternative method in this section may be used to model the release Not Applicable All X/Q values have been calculated
to the environment as an instantaneous puff release. One hundred using the ARCON96 code. No
percent of the radionuclides must be released directly to the alternative calculation methods are
environment over a period no longer than about 1 minute for a release necessary.
to qualify as a puff release. Releases to enclosed buildings, intermittent
releases that occur over a period longer than about 1 minute (e.g.,
releases from relief valves, atmospheric dumps), and releases that occur
over a period longer than about 1 minute should be treated as
continuous point source releases. The diffusion equation for an

I instantaneous puff ground level release, with no puff rise and no
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crosswind offset (i.e., center of puff is assumed to pass over control
room intake), integrated over the duration of the puff passage is:

2 1i a- 
0 2 i).

- . • Ior .Fz.)k)

alt F illdt

-• ,i k t,• = Fi:'.ftajetpufatrlnti.le nnU•IIanTana. i"

Me aonnttd a araia a, lI-niy ana inaa-ll, Ciit. C
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X = Release poor to recepron dratanc• . m
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•x.(x.k) = Standard deviation. nor of the puff in lhe hoaizontal alon. the wind irection nod
cross-wiud diections at the receptor location. UseFiutre 4 %iththe distance•
nad stability class k to dteranimte at the acceptor. 4.2.. o.•y = (Ty

rtt(X.k ) = Standard deviation, at. of the puffin the ;seical cross.wind direction at the
acceptor location. Use Figtue 5 with the distaace x aud stability chass k to
detetlaa•iaa (1, at the receptor.

15t = laarial sTaatt-d dgiamin. w

V = nitial puffvnolaue (expanded to standard atmospheric conditionsj. au'(The puff
dimensions that would exist when the puff is at the control roomu itaake are
asaumed to exist din inv. the cuiae puff tnITllail J

Equation 10 provides the effective relative concentration for the puff.
This value can be input to dose assessment codes such as RADTRAD or
HABIT as any value of X/Q would be if the intake flows, release
duration, and release rates are modeled consistent with the inputs to
Equation 10.
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6 An applicant or licensee may propose adjustments to the release height Not Applicable The analysis does not credit plume
for plume rise that are due to buoyancy or mechanical jet on a case-by- rise.
case basis. In order to credit these adjustments, the applicant or licensee
must be able to demonstrate that the assumed buoyancy or vertical
velocity of the effluent plumes will be maintained throughout the time
intervals that plume rise is credited. Such justifications need to consider
the availability of AC power, failure modes of dampers and ductwork,
time-dependent release stream temperatures and pressures, and
95th-percentile wind speeds and ambient temperatures.13 Plume rise
may be considered for freestanding stacks and for vents located on plant
buildings. However, plume rise may not be used in demonstrating that a
particular stack meets the 2-1/2 times the adjacent structure height
criterion in Regulatory Position 3.2.2. A mixed-mode release model,
such, as that in Regulatory Guide 1.111 (Ref. 10), should not be used for
design basis assessments.

6 The plume rise may be determined through the use of the following set Not Applicable The analysis does not credit plume
of equations (Ref. 17). The plume rise for plant vents is determined rise.
using Equation 11. The distance x is entered as the horizontal distance
between the vent and the control room outside air intake.
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6 The plume rise for isolated, free-standing stacks is calculated using
Equations 11, 12, and 13. The distance x in Equation 11 should be
based on the downwind location corresponding to the maximum X/Q
value. See Regulatory Position 3.2.2. The plume rises calculated using
Equations 12 and 13 should be compared and the larger plume rise
identified. The result of this comparison is then compared to the plume
rise determined using Equation 11 and the smaller plume rise selected
for use.

Not Applicable The analysis does not credit plume
rise.

.,h 3z .FM F,.,

5. ".

Ah 2.4 Fm ~2
+

(131

Ah = Pltise rise. m

F= = MlOnetrntt flux parameter. na"'>-2

11Pa
1 = Dimensionless enrrainnteut coastant for momentum = 0.6

U = Wind speed at release height. -•.is

X = Distance fiora release point to receptor. m (see text)

F5 = Btuoyancy fjix paraniteter, inS

g(PV - po)Vo
11pa

We = Effluent exit velocity. 'sn-

V5  = Volustetrie releae rate. 055%

p= Effluent density after expansion to atmospheric ptesstuI. km.sn

p = Detnsity of air. kasm"'

S = 0.0001 s for A. B. C. and D stability: 0.00049 s-` for E stability: 0.0013 ' for F
stability: 0.002 S2 for G st•bility

g = (-iavitational acceleration. 9.8 rtim
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6 Although ARCON96 processes ambient meteorological conditions on
an hour-by-hour basis, the code cannot vary the other parameters that
enter into a plume rise determination. For example, wind speed and
stability class are varied hour by hour, but the density of air, the density
of the effluent stream, and the vertical velocity are not varied hour-by-
hour. As such, the analyst should ensure that these parameters are
bounding for the entire period of the X/Q assessment or use individual
time intervals to model the time-variant parameters. An alternative
approach would be to calculate the plume rise for each hour
independently of ARCON96 and to select a plume rise that is exceeded
more than 95 percent of the time. This rise is then added to the stack
height as input to ARCON96.

Not Applicable The analysis does not credit plume
rise.

In lieu of mechanistically addressing the amount of buoyant plume rise Not Applicable The analysis does not credit plume
associated with energetic releases from steam relief valves or rise.
atmospheric dump valves, the ground level X/Q value calculated with
ARCON96 (on the basis of the physical height of the release point) may
be reduced' 4 by a factor of 5. This reduction may be taken only if
(1) the release point is uncapped and vertically oriented and (2) the
time-dependent vertical velocity exceeds the 95th-percentile wind
speed13 (at the release point height) by a factor of 5.
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7 The methods and parameters provided in this guide are acceptable for Not Applicable The analysis is performed using the
use for design basis control room habitability radiological assessments ARCON96 code and follows
provided that all stated prerequisites and conditions are met. The staff RG 1.194 reconmmendations. No
believes that use of the guidance in this guide will result in x/Q values alternative methods are used in the
that are acceptably conservative. However, there may be circumstances analysis.
in which these methods and parameters may not be advantageous for a
particular plant configuration and site meteorological regimes and may
lead to results that are deemed to be unnecessarily conservative.
Licensees and applicants may opt to propose alternative methods and
parameters such as those that are based in part on data obtained from
site-specific experimental measurements. Data based on wind tunnel
tests should be accompanied with an evaluation of the
representativeness of the experiment results to the particular plant
configuration and site meteorological regimes. These proposed
alternatives, with supporting data, will be considered by the staff on a
case-by-case basis.

The staff recommends that licensees considering an experimental
program request a meeting with the staff in advance of starting the
program. The intent of this recommendation is to allow the staff and the
licensee (or applicant) to discuss the proposed program, prior to
resource expenditure, and for the staff to provide a preliminary
assessment of the proposal. The staff's approval of the proposed
alternative methods and parameters will not be granted, however, until
the licensee or applicant completes the experimental program and
dockets the proposal with supporting analyses and data for formal staff
review.

An acceptable experimental program should incorporate the following
standards:

7.1 The experimental program should be appropriately structured so as to Not Applicable The analysis is performed using the
provide data of appropriate quantity and quality to support data analysis ARCON96 code and follows
and conclusions drawn from that data. The program should be RG 1.194 recommendations. No
developed by personnel who have educational and work experience alternative methods are used in the
credentials in air dispersion meteorology and modeling, analysis.
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7.2 The experimental program should encompass a sufficient range of Not Applicable The analysis is performed using the
meteorological conditions applicable to the particular site so as to ARCON96 code and follows
ensure that the data obtained address the site-specific meteorological RG 1.194 recommendations. No
regimes and the site-specific release point/receptor configurations that alternative methods are used in the
impact the control room X/Q values. Meteorological conditions analysis.
observed at the particular site with a frequency of 5 percent or greater in
a year should be addressed. Parameters derived from statistical analyses
on the experimental data should represent the 95th-percentile
confidence level.

7.3 The experimental program, including data reduction and analysis, Not Applicable The analysis is performed using the
should incorporate applicable quality control criteria of Appendix B to ARCON96 code and follows
10 CFR Part 50. The products of the experimental program should be RG 1.194 recommendations. No
verified and validated, alternative methods are used in the

analysis.
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NRC REGULATORY ISSUE SUMMARY 2006-04 COMPARISON

Table I Conformance with NRC Regulatory Issue Summary 2006-04

Issue
Number NRC RIS 2006-04 Position Analysis Comments

I Level of Detail Contained in LARs Conforms The submittal is modeled after previous NRC-

An AST amendment request should describe the licensee's analyses of accepted submittals. Included is justification for

the radiological and non-radiological impacts and provide a each proposed change to the TS, identification of

justification for the proposed modification in sufficient detail to changes to licensing basis analyses, and sufficient

support review by the NRC staff. For example, the AST amendment analysis detail to allow for result verification

request should (1) provide justification for each individual proposed through independent calculations.

change to the technical specifications (TS), (2) identify and justify
each change to the licensing basis accident analyses, and (3) contain
enough details (e.g., assumptions, computer analyses input and output)
to allow the NRC staff to confirm the dose analyses results in
independent calculations. The provision of sufficient detail is
necessary for the NRC staff to be able to conclude, with reasonable
assurance, whether the licensee's analyses and changes are acceptable.
For a previous NRC staff discussion on the level of detail necessary for
review, see RIS 2001-19, "Deficiencies in the Documentation of
Design Basis Radiological Analyses Submitted in Conjunction with
License Amendment Requests" (Ref. 1).

In response to RAIs, some licensees have made changes to originally
proposed LARs and their supporting analyses. In some cases, these
changes were extensive or involved multiple re-analyses and
supplements. Because of the depth and scope of many AST submittals,
multiple changes to the original submittal (particularly those with
multiple supplements that revise portions of previous supplements) can
increase the chance of NRC staff using information that has been
superseded during the review. For these cases, NRC staff recommends
that licensees identify the most current analyses, assumptions, and TS
changes in their submittal and supplements to the submittal.
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Table 1 Conformance with NRC Regulatory Issue Summary 2006-04
(cont.)

Issue
Number NRC RIS 2006-04 Position Analysis Comments

2 Main Steam Isolation Valve (MSIV) Leakage and Fission Product Not MSIV leakage is not applicable to the WCGS
Deposition in Piping Applicable design.

For calculation of aerosol settling velocity in the main steamline (MSL)
piping of boiling water reactors, some LARs reference Accident Evaluation
Report (AEB) 98-03, "Assessment of Radiological Consequences for the
Perry Pilot Plant Application Using the Revised (NUREG-1465) Source
Term" (Ref. 2). This is acceptable. However, it is important to note that the
report was written based on the parameters of a particular plant and,
therefore, the removal rate constant is specific to that plant. Any licensee
who chooses to reference these AEB 98-03 assumptions should provide
appropriate justification that the assumptions are applicable to their
particular design. Both NUREG-1465, "Accident Source Terms for Light-
Water Nuclear Power Plants" (Ref. 3) and Regulatory Guide (RG) 1.183,
"Alternative Radiological Source Terms for Evaluating Design Basis
Accidents at Nuclear Power Plants" (Ref. 4) define AST as a fission
product release from the reactor core into the containment. Neither
provides sufficient information regarding the amount and composition of
fission products in the reactor vessel or the attached piping. As indicated in
Appendix A to RG 1.183, Regulatory Position 6.0, the NRC staff accepts
the practice of treating fission product concentration in containment (more
specifically in the drywell) as representative of that in the vicinity of the
MSIV. Some AST amendment requests have reduced the drywell activity
levels by assuming mixing with the free air volume of the wetwell. If
appropriate justification is provided, the suppression pool free air volume
may be included, provided there is a mechanism to ensure mixing between
the drywell and wetwell. For example, the NRC staff would expect to see
thermal and hydraulic analyses in support of crediting mass exchange
between the wetwell and drywell airspace for time periods associated with
fission product releases.
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(cont.)

Issue
Number NRC RIS 2006-04 Position Analysis Comments

2 The size distribution of airborne particles in the vicinity of the MSIV is, in
general, different from that in the containment. Since the piping is attached
to the source of fission product releases, the agglomeration process of
highly concentrated but small aerosols may substantially differ from that in
containment. Modeling of MSL piping may include volumes between the
reactor pressure vessel and the inboard MSIV (inboard volume), between
the inboard and outboard valves (in-between volume), and outside of the
outboard valve (outboard volume). Since a majority of large (i.e., heavier)
particles deposit in the inboard volume, the distribution of the aerosol that
leaks to the subsequent volume is smaller (i.e., lighter) particles. This
particle behavior leads to the conclusion that the choice of an effective
settling velocity in any volume should account for the distribution of
particle sizes in that volume. The steam flow rate during the accident also
affects the removal of particles and should be accounted for in the analysis.
For aerosol settling, only horizontal sections of piping should be credited.
The effective settling area should be calculated as the length of horizontal
piping multiplied by the pipe diameter.

Deposition of gaseous iodine (elemental and organic) in the piping is a
frequent point of contention between licensees and NRC staff. Some
licensees claim that because of chemical adsorption, a large portion of
iodine is deposited on the piping surface. However, this deposition is
strongly dependent upon the thermal and hydraulic conditions in the
piping. Given the large uncertainty associated with iodine behavior in
piping, deposition of gaseous iodine in piping should be omitted unless
appropriate justification is provided (including providing estimates of the
thermal and hydraulic conditions in the piping).
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Table 1 Conformance with NRC Regulatory Issue Summary 2006-04
(cont.)

Issue
Number NRC RIS 2006-04 Position Analysis Comments

3 Control Room Habitability Conforms Radiation monitors are not credited for actuation of

When implementing an AST, some licensees have proposed that certain emergency control room HVAC mode. Therefore,
engineered safety features (ESF) ventilation systems not be credited as a events which do not result in a safety injection
mitigation feature in response to an accident. In some cases, the licensee's signal (rod ejection primary-to-secondary leakage,
revised design basis analysis introduced the assumption that normal (non- locked RCP rotor, loss of AC power, fuel handling
ESF) ventilation systems are operating during all or part of an accident accident, letdown line break, tank ruptures) are
scenario. Such an assumption is inappropriate unless the non-ESF system assumed to stay in normal control room HVAC
meets certain qualities, attributes, and performance criteria as described in mode. The normal HVAC lineup flow rate is
RG 1.183, Regulatory Positions 4.2.4 and 5.1.2. For example, credit for the greater than the ESF ventilation system flow rate.

operation of non-ESF ventilation systems should not be assumed unless Likewise, the normal ventilation system does not
they have a source of emergency power. In addition, the operation of credit filtration. Therefore, the resulting dose to
ventilation systems establishes certain building or area pressures based personnel within the control room will be greater if
upon their flowrates. These pressures affect leakage and infiltration rates it is assumed that the ESF ventilation system is not
which ultimately affect operator dose. Therefore, to credit the use of these actuated at the event initiation due to a loss of
systems, licensees should incorporate the systems into the ventilation filter offsite power.

testing program in Section 5 of the TS. In summary, use of non-ESF
ventilation systems during a DBA should not be assumed unless the
systems have emergency power and are part of the ventilation filter testing
program in Section 5 of the TS.
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(cont.)

Issue
Number NRC RIS 2006-04 Position Analysis Comments

Generic Letter (G L) 2003-0 1, "Control Room Habitability" (Ref. 5) Acceptable control room doses have been
requested licensees to confirm the ability of their facility's control room to calculated with a maximum unfiltered inleakage of
meet applicable habitability regulatory requirements. In addition, licensees 400 cfm to the control building and 50 cfm to the
were requested to confirm that control room habitability systems were control room. Per Technical Specification
designed, constructed, configured, operated and maintained in accordance SR 3.7.10.4, unfiltered air inleakage testing of the
with the facility's design and licensing bases. The GL placed emphasis on CRE and CBE boundaries is performed in
licensees confirming that the most limiting unfiltered inleakage into the accordance with the Control Room Envelope
control room envelope (CRE) was not greater than the value assumed in the Habitability Program.
DBA analyses. The tests, measurements, and analyses which were
performed for this confirmation were to be described in the response to the
GL. Some AST amendment requests proposed operating schemes for the
control room and other ventilation systems which affect areas adjacent to
the CRE and are different from the manner of operation and performance
described in the response to the GL without providing sufficient
justification for the proposed changes in the operating scheme. In some
cases, licensees proposed new modes of operation that lacked confirmation
of the CRE inleakage characteristics.

Measurements of these characteristics are important to confirm inleakage
assumptions used in the analyses for an AST amendment, even for those
situations in which the air in the control room would appear to be stagnant.

4 Atmospheric Dispersion Conform The re-calculation of atmospheric dispersion

Licensees may continue to use atmospheric relative concentration (x/Q) factors was performed according to the guidance of
values and methodologies from their existing licensing-basis analyses when RG 1.194 and RG 1.145.
appropriate. Licensees also have the option to adopt the generally less
conservative (more realistic) updated NRC staff guidance on determining
x/Q values in support of design basis control room radiological habitability
assessments provided in RG 1.194, "Atmospheric Relative Concentrations
for Control Room Radiological Habitability Assessments at Nuclear Power
Plants" (Ref. 6). Regulatory positions on x/Q values for offsite (i.e.,
exclusion area boundary and low population zone) accident radiological
consequence assessments are provided in RG 1.145, "Atmospheric
Dispersion Models for Potential Accident Consequence Assessments at
Nuclear Power Plants" (Ref. 7).
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Table 1 Conformance with NRC Regulatory Issue Summary 2006-04
(cont.)

Issue
Number NRC RIS 2006-04 Position Analysis Comments

Based on submittal reviews, the NRC staff identified the following areas of Provided in The following items are being provided:
improvement for licensee submittals that propose revision of the design Comment I. A site plan is provided in Figure 8-1 below.
basis atmospheric dispersion analyses for implementing AST. They should Response 2. Justification for using control room intake x/Q
include the following information: values for modeling the unfiltered in-leakage

" A site plan showing true North and indicating locations of all potential is provided in Note 1 below. Additionally, a
accident release pathways and control room intake and unfiltered detailed drawing for the site plan (8025-C-
inleakage pathways (whether assumed or identified during inleakage KG 1202 Revision 4) is provided in Enclosure
testing). VII CD-ROM.

* Justification for using control room intake X/Q values for modeling the 3. A copy of meteorological data inputs for
unfiltered inleakage, if applicable. PAVAN and ARCON96 are contained in

Enclosure VII CD-ROM (includes
Meteorological Data Used to Determine
Offsite, Control Room and TSC Atmospheric
Dispersion Factors).

4. A copy of program outputs are provided for
PAVAN (Offsite) Output, Control Room
Output, and TSC Output in Enclosure VII CD-
ROM.

5. A discussion of assumptions for ARCON96
analysis is provided in Note 2 below.

6. A discussion of assumptions for PAVAN
analysis is provided in Note 3 below.
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Number NRC RIS 2006-04 Position Analysis Comments

Note 1: Justification for using control room intake X/Q values for modeling the unfiltered inleakage
With regards to unfiltered in-leakage, the control room is maintained at a higher pressure than the surrounding rooms in the control building.
Therefore, the primary contribution of in-leakage will not be from leakage through the walls from the surrounding control building; but rather, in-
leakage will be primarily due to outside air that enters through the control building intake and is able to leak past filtration equipment while in the
HVAC ducts. Thus, the appropriate X/Q value to use for this parameter is the x/Q corresponding to the HVAC intake louvers that provide outside air to
the control room.

Note 2: Assumptions for ARCON96 Analysis
1. Ground level release is assumed for all cases.
2. The source type for all cases is assumed to be a point source.
3. The shortest source-to-receptor distances are determined from the closest point on the perimeter of the source to the closest point on the perimeter

of the receptor for all cases. In the case of the unit vent stack, one corner of the rectangular-shaped unit vent stack is assumed to point in the
direction of the control room air intake to yield a conservatively short distance from the unit vent stack to the control room air intake. Similarly, it
is also assumed that another corner of the unit vent stack points in the direction of the TSC air intake to yield a conservatively short distance from
the unit vent stack to the TSC air intake.

4. Paths that traverse the perimeter of the reactor building cylinder conservatively ignore the buttresses.
5. The MSSV and ARV vents are treated as a single point source. The closest vent is chosen to represent the source for the purposes of calculating

distance to the receiver location. Because the MSSV and ARV vents have different discharge elevations, this results in different release heights
being used for control room and TSC calculations.

6. For the control room calculation, it is assumed that the MSSV/ARV release point exists at a distance west of the reactor building centerline equal
to the most westward point that exists at the exit of the MSSV vents. The release point is further assumed to be the same distance north of the
reactor building centerline as the receiver location. This yields a conservatively short distance between the MSSV/ARV release point and the
control room air intake.
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Table 1 Conformance with NRC Regulatory Issue Summary 2006-04
(cont.)

Issue
Number NRC RIS 2006-04 Position Analysis Comments

Note 3: Assumptions for PAVAN Analysis
1. A release of radioactive materials during an accident from one or more potential release sources is treated as a single ground-level release source

(i.e. no multiple releases at the same time) for all cases. The PAVAN code cannot handle multiple release sources.
2. The distance from the release point to the EAB is 1200 meters for all directions regardless of the release location. Likewise, the distance from the

release point to the LPZ boundary is 4023 meters for all directions. This assumption is based on the fact that only these two distances were defined
in the Wolf Creek USAR.

3. A building wake effect is included in the calculation.
- For a release from potential sources such as equipment hatch, unit vent stack, MSSVs/ARVs vent, or TDAFW exhaust vent, the cross-

sectional area of the containment building is used for calculation of the building wake term. These release sources are located close to the
containment building. Wake effects from other smaller adjacent buildings are ignored.

- For a release from the RWST, the cross-sectional area of the RWST is used for the building wake term. The RWST is located more than 100
feet from the closest containment building wall. The wake effects due to the containment building for certain wind sectors and other adjacent
buildings are conservatively ignored.

4. A straight trajectory of plume movement from the release point to the EAB and LPZ distances is assumed as part of the PAVAN model. The
straight trajectory assumption is then supplemented by the use of the terrain correction factors. The terrain correction factors account for the
possibility of non-straight trajectory due to temporal and spatial variations in airflow in the EAB and LPZ areas that do not reflect in the
meteorological data collected at a single onsite station that is used in this calculation.
- In the USAR section on the long-term diffusion estimate, terrain/recirculation correction factors for the 16 wind sectors were calculated based

on 1973-1974 data and listed in Table 2.3-6 1. The maximum value for EAB in the W sector and the maximum value for LPZ in the WSW
sector were conservatively applied to all wind sectors in the PAVAN calculation.

5. Plume meander in the horizontal direction under low wind conditions is a physical phenomenon that is internally accounted for in the PAVAN
calculation for wind speed less than 6 m/s and atmospheric stability conditions being neutral (class D) or stable (class E, F, or G). (This is a code
model assumption.)
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Table 1 Conformance with NRC Regulatory Issue Summary 2006-04
(cont.)

Issue
Number NRC RIS 2006-04 Position Analysis Comments

N

Turbine
Building

Auxiliary
Bciol Building

Buildin

2. Technical Support Center Intake VentFuel 3a Reactor Building Equipment Hatch
Building 4. Unit Vent Stack

5. MSSV/ARV Vents
6. RWST Vent
7. TDAFW Exhaust Vent

Figure 8-1 Site Plan
Figure 8-1 shows locations of potential release pathways and control room intake. The unfiltered inleakage pathway is the west wall of the control building
(identified by number 1 in Figure 8-1).
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Table 1 Conformance with NRC Regulatory Issue Summary 2006-04
(cont.)

Issue
Number NRC RIS 2006-04 Position Analysis Comments

A copy of the meteorological data inputs and program outputs along Conform The electronic met data files have been properly
with a discussion of assumptions and potential deviations from staff formatted and checked for correctness. Invalid data
guidelines. Meteorological data input files should be checked to ensure were properly identified and marked with fields of
quality (e.g., compared against historical or other data and against the ,nines" for the entire line entries to make sure that
raw data to ensure that the electronic file has been properly formatted, the line would not be read as valid data.
any unit conversions are correct, and invalid data are properly
identified).

When running the control room atmospheric dispersion model ARCON96, Conform Only a ground level release is calculated for all
two or more files of meteorological data representative of each potential releases to the control room and the TSC. The
release height should be used if x/Q values are being calculated for both meteorological data taken at standard 10 m and
ground-level and elevated releases (see RG 1.23, "Onsite Meteorological 60 m heights from the same tower is justified to
Programs," Regulatory Position 2 (Ref. 8) and Table A-2 in Appendix A to represent each release height which ranges from
RG 1.194, "Atmospheric Relative Concentrations for Control Room 17.37 m to 66.25 m. The meteorological data used
Radiological Habitability Assessments at Nuclear Power Plants"). In is representative of the release height.
addition, licensees should be aware that (1) two levels of wind speed and
direction data should always be provided as input to each data file, (2)
fields of "nines" (e.g., 9999) should be used to indicate invalid or missing
data, and (3) valid wind direction data should range from 1' to 3600.

Licensees should also provide detailed engineering information when Not applicable No elevated release is considered in this
applying the default plume rise adjustment cited in RG 1.194 to control calculation. The plume rise adjustment is not
room X/Q values to account for buoyancy or mechanical jets of high energy applicable to this calculation.
releases. This information should demonstrate that the minimum effluent
velocity during any time of the release over which the adjustment is being
applied is greater than the 95th percentile wind speed at the height of
release.
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Table 1 Conformance with NRC Regulatory Issue Summary 2006-04
(cont.)

Issue
Number NRC RIS 2006-04 Position Analysis Comments

When running the offsite atmospheric dispersion model PAVAN, two or Conform Only a ground level release is calculated for site
more files of meteorological data representative of each potential release boundary X/Q. No stack release is considered in
height should be used if X/Q values are being calculated for pathways with this calculation. The meteorological data used is
significantly different release heights (e.g., ground level versus elevated representative of the ground-level release. In the
stack). The joint frequency distributions of wind speed, wind direction, and joint frequency distribution, the wind speed data
atmospheric stability data used as input to PAVAN should have a large are classified into 14 categories, the maximum
number of wind speed categories at the lower wind speeds in order to number allowed by the PAVAN code, as
produce the best results (e.g., Section 4.6 of NUREG/CR-2858, "PAVAN: follows: 0.34 (calm), 0.5, 0.75, 1.0, 1.25, 1.5,
An Atmospheric Dispersion Program for Evaluating Design Basis 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, and
Accidental Releases of Radioactive Materials from Nuclear Power 44.7 meters/second.
Stations" (Ref. 9), suggests wind speed categories of calm, 0.5, 0.75, 1.0,
1.25, 1.5, 2.0, 3.0, 4.0 5.0, 6.0, 8.0 and 10.0 meters per second).

5 Modeling of ESF Leakage Conforms The LOCA dose analysis models ESF leakage in

ESF systems that recirculate sump water outside the primary containment accordance with Regulatory Position 5 in

may leak during their intended operation. This release source includes Appendix A of RG 1.183. (Refer to Table B in

leakage through valve packing glands, pump shaft seals, flanged Section 5 - RG 1.183 Conformance Table)

connections, and other similar components. This release source may also
include leakage through valves isolating interfacing systems (e.g., refueling
water storage tank). Appendix A to RG 1.183, Regulatory Position 5, states
that "the radiological consequences from the postulated [ESF] leakage
should be analyzed and combined with consequences postulated for other
fission product release paths to determine the total calculated radiological
consequences from the [loss-of-coolant accident] LOCA."

The allowable ESF leakage is typically contained in the plant's TS or
procedures. The ESF leakage at accident conditions may differ from the
ESF leakage at normal operating conditions. Licensees should account for
ESF leakage at accident conditions in their dose analyses so as not to
underestimate the release rate.

In Appendix A to RG 1.183, Regulatory Position.5.5, the NRC staff
provided a conservative value of 10 percent as the assumed amount of
iodine that may become airborne from ESF leakage that is less than 212'F.
The NRC staff structured this regulatory position to be deterministic and
conservative. The 10 percent value also compensates for the lack of
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Table 1 Conformance with NRC Regulatory Issue Summary 2006-04
(cont.)

Issue
Number NRC RIS 2006-04 Position Analysis Comments

research concerning iodine speciation beyond the containment and the
uncertainties of applying laboratory data to the post-accident environment
of the plant. Regulatory Position 5.5 states that a smaller flash fraction
could be justified. Some licensees have referenced NUREG/CR-5 950,
"Iodine Evolution and pH Control" (Ref. 10) to justify a smaller flash
fraction. However, NUREG/ CR-5950 was developed for very specific
laboratory conditions and the results have a degree of uncertainty. The
mechanism for release of the fluid is also uncertain. Leaked fluid may
spray onto surfaces and evaporate, or be sprayed in fine droplets into the
air. A value of less than 10 percent can be justified by including
considerations for plant-specific variables, including the post-accident
environment (e.g., impurities in the water or the presence of organic
substances) and the uncertainties in the application of research situations to
plant environments.

Figure 3.1 in NUREG/CR-5950 can be used to quantify the amount of
elemental iodine as a function of the sump water pH and the concentration
of iodine in the solution. In some cases, however, licensees have
misapplied this figure. Rather than using the total concentration of iodine
(i.e., stable and radioactive), licensees based their assessment on only the
radioactive iodine in the sump water. By using only the radioactive iodine,
licensees have underestimated how much iodine evolves during post-
accident conditions.
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Table 1 Conformance with NRC Regulatory Issue Summary 2006-04
(cont.)

Issue

Number NRC RIS 2006-04 Position Analysis Comments

6 Release Pathways Not There were no changes in plant configuration

Changes to the plant configuration associated with an LAR (e.g., an "open" Applicable which resulted in additional release pathways

containment during refueling) may require a re-analysis of the design basis modeled in the dose analyses.

dose calculations. A request for TS modifications allowing containment
penetrations (i.e., personnel air lock, equipment hatch) to be open during
refueling cannot rely on the current dose analysis if this analysis has not
already considered these release pathways. RG 1.194, Regulatory Position
3.2.4.2 supports review of penetration pathways, by stating that "leakage is
more likely to occur at a penetration, [and that the] analysts must consider
the potential impact of leakage from building penetrations exposed to the
environment." Therefore, releases from personnel air locks and equipment
hatches exposed to the environment and containment purge releases prior
to containment isolation need to be addressed.

Some licensees have identified unique release pathways that had not been
previously considered. For example, a recent submittal noted that
containment hatches and containment plugs may be removed during
refueling. The removal of these barriers creates new release pathways.
Licensees are responsible for identifying all release pathways and for
considering these pathways in their AST analyses, consistent with any
proposed modification.

7 Primary to Secondary Leakage Conforms The density of 1.0 gm/cc (62.4 lbm/ft3) was used in

Some analysis parameters can be affected by density changes that occur in the dose analyses, consistent with Appendix F to

the process steam. The NRC staff continues to find errors in LAR RG 1.183, Regulatory Position 5.2.

submittals concerning the modeling of primary to secondary leakage during
a postulated accident. This issue is discussed in Information Notice (IN)
88-31, "Steam Generator Tube Rupture Analysis Deficiency," (Ref. 11)
and Item 3.f in RIS 2001-19. An acceptable methodology for modeling this
leakage is provided in Appendix F to RG 1. 183, Regulatory Position 5.2.
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Table 1 Conformance with NRC Regulatory Issue Summary 2006-04
(cont.)

Issue
Number NRC RIS 2006-04 Position Analysis Comments

8 Elemental Iodine Decontamination Factor (DF) Conforms An overall DF of 200 for iodine was used in the

Appendix B to RG 1.183, provides assumptions for evaluating the fuel handling accident analysis.
radiological consequences of a fuel handling accident. If the water depth
above the damaged fuel is 23 feet or greater, Regulatory Position 2 states
that "the decontamination factors for the elemental and organic [iodine]
species are 500 and 1, respectively, giving an overall effective
decontamination factor of 200." However, an overall DF of 200 is achieved
when the DF for elemental iodine is 285, not 500.

9 Isotopes Used in Dose Assessments Conforms The dose consequences from noble gas and alkali

For some accidents (e.g., main steamline break and rod drop), licensees metals (mainly cesium) were included in the dose
have excluded noble gas and cesium isotopes from the dose assessment. analyses.
The inclusion of these isotopes should be addressed in the dose
assessments for AST implementation.

10 Definition of Dose Equivalent 131I Conforms The Technical Specification definition is being

In the conversion to an AST, licensees have proposed a modification to the revised to use only the thyroid dose conversion
TS definition of dose equivalent 1311. Some have modified the definition factors from Federal Guidance Report 11, which is

to base it upon the thyroid dose conversion factors of International consistent with the dose conversion factors used to

Commission on Radiation Protection (ICRP) Publication 2, "Report of define dose equivalent 1311 in the main steamline
Committee II on Permissible Dose for Internal Radiation" (Ref. 12) or break and steam generator tube rupture analyses.

ICRP Publication 30, "Limits for Intakes of Radionuclides by Workers"
(Ref. 13). Others have proposed a definition which is a combination of
different iodine dose conversion factors, (e.g., RG 1.109, Revision 1,
"Calculation of Annual Doses to Man from Routine Releases of Reactor
Effluents for the Purpose of Evaluating Compliance with 10 CFR [Part] 50,
Appendix I" (Ref 14), ICRP Publication 2, Federal Guidance Report 11,
"Limiting Values of Radionuclide Intake and Air Concentration and Dose
Conversion Factors for Inhalation, Submersion, and Ingestion" (Ref. 15).
Although different references are available for dose conversion factors, the
TS definition should be based on the same dose conversion factors that are
used in the determination of the reactor coolant dose equivalent iodine
curie content for the main steamline break and steam generator tube rupture
accident analyses.
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Table 1 Conformance with NRC Regulatory Issue Summary 2006-04
(cont.)

Issue

Number NRC RIS 2006-04 Position Analysis Comments

11 Acceptance Criteria for Off-Gas or Waste Gas System Release Conforms AST is being implemented for the waste gas
As part of full AST implementation, some licensees have included an system release and an acceptance criteria of
accident involving a release from their off-gas or waste gas system. For this 100 mrem TEDE was used.
accident, they have proposed acceptance criteria of 500 millirem (mrem)
total effective dose equivalent (TEDE).
The acceptance criteria for this event is that associated with the dose to an
individual member of the public as described in 10 CFR Part 20,
"Standards for Protection Against Radiation." When the NRC revised 10
CFR Part 20 to incorporate a TEDE dose, the offsite dose to an individual
member of the public was changed from 500 mrem whole body to 100
mrem TEDE. Therefore, any licensee who chooses to implement AST for
an off-gas or waste gas system release should base its acceptance criteria
on 100 mrem TEDE. Licensees may also choose not to implement AST for
this accident and continue with their existing analysis and acceptance
criteria of 500 mrem whole body.

August 2013
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 8-17

Table I Conformance with NRC Regulatory Issue Summary 2006-04
(cont.)

Issue

Number NRC RIS 2006-04 Position Analysis Comments

12 Containment Spray Mixing Conforms The containment building is modeled as two

Some plants with mechanical means for mixing containment air have discrete volumes: sprayed and unsprayed. The

assumed that the containment fans intake air solely from a sprayed area and volumes are conservatively assumed to be mixed

discharge it solely to an unsprayed region or vice versa. Without additional only by the containment fan coolers.

analysis, test measurements or further justification, it should be assumed The containment cooling system provides cooling
that the intake of air by containment ventilation systems is supplied by recirculation of the containment air across air-
proportionally to the sprayed and unsprayed volumes in containment, to-water heat exchangers. The bulk of this cooled

air is supplied to the lower regions of the steam
generator compartments. The remaining air is
supplied to the instrument tunnel and at each level
(operating floor and below) of the containment
outside the secondary shield wall. The air supplied
to each steam generator compartment is drawn
upwards through the compartments by the
hydrogen mixing fans and discharged into the
upper elevations of the containment. The volume
of air recirculated in one hour by the combined air
flows of one train of the containment coolers is
approximately three times the containment free
volume. These air flow patterns and recirculation
volumes provide adequate circulation and,
therefore, sufficient post accident mixing of the
containment atmosphere.

August 2013
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 9-1

9 PROPOSED TECHNICAL SPECIFICATION MARKUPS

August 2013
Revision 0



Definitions
1.1

1.1 Definitions (continued)

CHANNEL CHECK

CHANNEL OPERATIONAL
TEST (COT)

CORE ALTERATION

CORE OPERATING LIMITS

REPORT (COLR)

DOSE EQUIVALENT 1-131

A CHANNEL CHECK shall be the qualitative assessment, by
observation, of channel behavior during operation. This
determination shall include, where possible, comparison of
the channel indication and status to other indications or status
derived from independent instrument channels measuring the
same parameter.

A COT shall be the injection of a simulated or actual signal
into the channel as close to the sensor as practicable to verify
OPERABILITY, of all devices in the channel required for
channel OPERABILITY. The COT shall include adjustments,
as necessary, of the required alarm, interlock, and trip
setpoints required for channel OPERABILITY such that the
setpoints are within the necessary range and accuracy. The
COT may be performed by means of any series of sequential,
overlapping, or total channel steps.

CORE ALTERATION shall be the movement of any fuel,
sources, or reactivity control components, within the reactor
vessel with the vessel head removed and fuel in the vessel.
Suspension of CORE ALTERATIONS shall not preclude
completion of movement of a component to a safe position.

The COLR is the unit specific document that provides cycle
specific parameter limits for the current reload cycle. These
cycle specific parameter limits shall be determined for each
reload cycle in accordance with Specification 5.6.5. Plant
operation within these limits is addressed in individual
Specifications.

DOSE EQUIVALENT 1-131 shall be that concentration of I-
131 (microcuries per gram) that alone would produce the
same dose when inhaled as the combined activities of iodine
isotopes 1-131, 1-132, 1-133, 1-134, and 1-135 actually present.
The determination of DOSE EQUIVALENT 1-131 shall be
performed using thyroid dose conversion factors from-

-14 Table III of TID 14844, AEC, 1962, Calculation of
Distance F~actGrc forF Po)Wc and Test Roactor Sitos," or

2-) Tabl E 7 o..-,f Rogulat,'Guide 1.109, Rovisio• n 1, NRC,
497-7,ed

(continued)
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Definitions
1.1

1.1 Definitions (continued)

DOSE EQUIVALENT 1-131
(continued)

DOSE EQUIVALENT XE-1 33

ENGINEERED SAFETY
FEATURE (ESF) RESPONSE
TIME

LEAKAGE

3) ICRP 30, 1979, pago 102 212, Table titled, "omto
99%o Egufiyalont in Target Orglan Or Tissues per Intake
of Unit Acti-ity," or

4-) Table 2.1 of EPA Federal Guidance Report No. 11,
1988, "Limiting Values of Radionuclide Intake and Air
Concentration and Dose Conversion Factors for
Inhalation, Submersion, and Ingestion."

DOSE EQUIVALENT XE-1 33 shall be that concentration of
Xe-1 33 (microcuries per gram) that alone would produce the
same acute dose to the whole body as the combined activities
of noble gas nuclides Kr-85m, Kr-87, Kr-88, Xe-133m, Xe-
133, Xe-1 35m, Xe-1 35, and Xe-1 38 actually present. If a
specific noble gas nuclide is not detected, it should be
assumed to be present at the minimum detectable activity.
The determination of DOSE EQUIVALENT XE-133 shall be
performed using the effective dose conversion factors for air
submersion listed in Table 111.1 of EPA Federal Guidance
Report No. 12, 1993, "External Exposure to Radionuclides in
Air, Water, and .oil-" Or u.ing the dose conVor.ion factors
#Gm,-. T.-ah. ,- 1 1of R;"I G-'' -,ide• 4.109, ReVisieR 1, ISIRG

The ESF RESPONSE TIME shall be that time interval from
when the monitored parameter exceeds its ESF actuation
setpoint at the channel sensor until the ESF equipment is
capable of performing its safety function (i.e., the valves travel
to their required positions, pump discharge pressures reach
their required values, etc.). Times shall include diesel
generator starting and sequence loading delays, where
applicable. The response time may be measured by means
of any series of sequential, overlapping, or total steps so that
the entire response time is measured. In lieu of
measurement, response time may be verified for selected
components provided that the components and the
methodology for verification have been previously reviewed
and approved by the NRC.

LEAKAGE shall be:

a. Identified LEAKAGE

1. LEAKAGE, such as that from pump seals or valve
packing (except reactor coolant pump (RCP) seal

(continued)
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Containment Purge Isolation Instrumentation
3.3.6

reenly
ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

B. --------- NOTE --------- B.1 Place and maintain Immediately
Only applicabl during containment purge supply
G E --. T- Tand exhaust valves in
movement ofrradiated closed position.
fuel assemblies within
containment. OR

B.2 Enter applicable Immediately
One or more Functions Conditions and Required
with one or more Actions of LCO 3.9.4,
channels or trains "Containment
inoperable. Penetrations," for

containment purge supply
and exhaust valves made
inoperable by isolation
instrumentation.

SURVEILLANCE REQUIREMENTS

--------------------------------------- NOTE---------------------------------
Refer to Table 3.3.6-1 to determine which SRs apply for each Containment Purge Isolation
Function.

SURVEILLANCE FREQUENCY

SR 3.3.6.1 Perform CHANNEL CHECK. 12 hours

SR 3.3.6.2 -- ------------------- NOTE -----------------
The continuity check may be excluded.

Perform ACTUATION LOGIC TEST. 31 days on a
STAGGERED
TEST BASIS

(continued)
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Containment Purge Isolation Instrumentation
3.3.6

Table 3.3.6-1 (page 1 of 1)
Containment Purge Isolation Instrumentation

APPLICABLE
MODES OR

OTHER
SPECIFIED SURVEILLANCE

FUNCTION CONDITIONS REQUIRED CHANNELS REQUIREMENTS TRIP SETPOINT

1. Manual
Initiation

2. Automatic
Actuation Logic
and Actuation
Relays (BOP
ESFAS)

3. Containment
Atmosphere -
Gaseous
Radioactivity

1,2,3,4,
(a)b,)

1,2,3,4,
(a)44-)

1,2,3,4,
(a)4--4

2

2 trains

1

SR 3.3.6.4

SR 3.3.6.2
SR 3.3.6.6

SR 3.3.6.1
SR 3.3.6.3
SR 3.3.6.5

NA

NA

4. Containment
Isolation -
Phase A

Refer to LCO 3.3.2, "ESFAS Instrumentation," Function 3.a, for all initiation functions and requirements.

Ed
is to be established such that the actual submersion rate would not exceed

9 mR/h in the containment building.

Wolf Creek - Unit 1 3.3-48 Amendment No. 1-23, 183 I



CREVS Actuation Instrumentation
3.3.7

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

D. Required Action and D .1 Be in MODE 3. 6 hours
associated Completion
Time for Condition A, B AND
or C not met in MODE 1, 2,
3, or 4. D .2 Be in MODE 5. 36 hours

E. Required Action and &--.-_4 SF G,,4ediate*,
associated Completion .ALTERP•TIONS.
Time for Condition A, B
or C not met during 6AE 1
movement of irradiated fuel
assemblies. E movement of Immediately

irradiated fuel assemblies.
recently

SURVEILLANCE REQUIREMENTS
----------------- NOTE---------------------------------
Refer to Table 3.3.7-1 to determine which SRs apply for each CREVS Actuation Function.

SURVEILLANCE FREQUENCY

SR 3.3.7.1 Perform CHANNEL CHECK. 12 hours

SR 3.3.7.2 Perform COT. 92 days

(continued)
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CREVS Actuation Instrumentation
3.3.7

Table 3.3.7-1 (page 1 of 1)
CREVS Actuation Instrumentation

APPLICABLE
MODES OR

OTHER
SPECIFIED REQUIRED SURVEILLANCE

FUNCTION CONDITIONS CHANNELS REQUIREMENTS TRIP SETPOINT

1. Manual Initiation

2. Automatic Actuation Logic
and Actuation Relays (BOP
ESFAS)

3. Control Room Radiation-
Control Room Air Intakes

1,2,3,4,
and (a)

1,2,3,4,
and (a)

1,2,3,4,
and (a)

2

2 trains

SR 3.3.7.4

SR 3.3.7.3

SR 3.3.7.1
SR 3.3.7.2
SR 3.3.7.5

NA

NA

(b)2

4. Containment Isolation - Refer to LCO 3.3.2, "ESFAS Instrumentation," Function 3.a, for all initiation functions and
Phase A .. requirements.

(a) During movement ofirradiated fuel assemblies.
(b) Trip Setpoint concentration value (piCi/cm3) is to be established such that the actual submersion dose rate would not exceed

2 mR/hr in the control room.

Wolf Creek - Unit 1 3.3-53 Amendment No. ,23, 132, ,,43, 200



EES Actuation Instrumentation
3.3.8

recently

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

D. Required Action nd D.1 \Suspend movement of Immediately
associated Coin letion irradiated fuel assemblies
Time for Condi on A, B or in the fuel building.
C not met duri g
movement of irradiated fuel
assemblies in the fuel
building.

SURVEILLANCE REQUIREMENTS

----------------- ------------------------ NOTE ----------------------------------
Refer to Table 3.3.8-1 to determine which SRs apply for each EES Actuation Function.

SURVEILLANCE FREQUENCY

SR 3.3.8.1 Perform CHANNEL CHECK. 12 hours

SR 3.3.8.2 Perform COT. 92 days

SR 3.3.8.3 --------------------- NOTE -----------------
The continuity check may be excluded.

Perform ACTUATION LOGIC TEST. 31 days on a
STAGGERED
TEST BASIS

(continued)
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EES Actuation Instrumentation
3.3.8

Table 3.3.8-1 (page 1 of 1)
EES Actuation Instrumentation

APPLICABLE
MODES OR
SPECIFIED REQUIRED SURVEILLANCE TRIP

FUNCTION CONDITIONS CHANNELS REQUIREMENTS SETPOINT

1 Manual Initiation (a) 2 SR 3.3.8.4 NA

2. Automatic Actuation Logic and (a) 2 trains SR 3.3.8.3 NA
Actuation Relays (BOP
ESFAS)

3. Fuel Building Exhaust Radiation -

Gaseous (a) 2 SR 3.3.8.1 (b)
SR 3.3.8.2
SR 3.3.8.5

(a)
(b)

During movement of4lradiated fuel assemblies in the fuel building.
Trip Setpoint concentration value (pCi/cm 3) is to be established such that the actual submersion dose rate would not
exceed 4 mR/hr in the fuel building.

Wolf Creek - Unit 1 3.3-58 Amendment No. 42-, 183 I



CREVS
3.7.10

3.7 PLANT SYSTEMS

3.7.10 Control Room Emergency Ventilation System (CREVS)

LCO 3.7.10 Two CREVS trains shall be OPERABLE.

. irf'r,-r-
- - - - - - - - - - - - - - - - - - - - - - IV! J II 

..........

----------------------------------------------
The control room envelope (CRE) and control building envelope (CBE)
boundaries may be opened intermittently under administrative controls.

APPLICABILITY: MODES 1, 2, 3, and 4,
During movement o irradiated fuel assemblies.

recently
ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. One CREVS train A.1 Restore CREVS train to 7 days
inoperable for reasons OPERABLE status.
other than Condition B.

B. One or more CREVS trains B.1 Initiate action to Immediately
inoperable due to an implement mitigating
inoperable CRE boundary actions.
or an inoperable CBE
boundary in MODES 1, 2, AND
3, or4.

B.2 Verify mitigating actions to 24 hours
ensure CRE occupant
radiological exposures will
not exceed limits and CRE
occupants are protected
from chemical and smoke
hazards.

AND

B.3 Restore CRE boundary 90 days
and CBE boundary to
OPERABLE status.

(continued)
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CREVS
3.7.10

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

C. Required Action-and C.1 Be in MODE 3. 6 hours
associated Completion
Time of Condition A or B AND
not met in MODE 1, 2, 3,
or 4. C.2 Be in MODE 5. 36 hours

D. Required Action and D.1 Place OPERABLE CREVS Immediately
associated Completion train in CRVIS mode.
Time of Condition A not
met during movement of OR
irradiated fuel assemblies.

D.2.1 Suspend-GORE lmA~ed4ately
ALTERATIONS.

AND

D.2.--2 Suspend movement of Immediately

recen__--tlyirradiated fuel assemblies.

E. Two CREVStr ns E S GORE ,F-,,edffite• y
inoperable during A...A.LTERAT!ONS.
movement of irradiated fuel
assemblies. AND.

OR E. Suspend movement of Immediately
irradiated fuel assemblies.

One or more CREVS train
inoperable due to an recently

inoperable CRE bounda
or an inoperable CB
boundary durnn
movement o radiated fuel
assemblies.

(continued)
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CRACS
3.7.11

3.7 PLANT SYSTEMS

3.7.11 Control Room Air Conditioning System (CRACS)

LCO 3.7.11

APPLICABILITY:

Two CRACS trains shall be OPERABLE.

MODES 1, 2, 3, 4, 5, and 6,
During movement o• irradiated fuel assemblies.

recently
ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. One CRACS train A.1 Restore CRACS train to 30 days
inoperable. OPERABLE status.

B. Required Action and B.1 Be in MODE 3. 6 hours
associated Completion
Time of Condition A not AND
met in MODE 1, 2, 3, or 4.

B.2 Be in MODE 5. 36 hours

(continued)
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CRACS
3.7.11

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

C. Required AGtion and C.1 Place OPERABLE Immediately
associated Completion CRACS train in operation.
Time of Condition A not
met in MODE 5 or 6, or OR
during movement of
irradiated fuel assemblies. &2.1 epe~4G ImmedieteIy

A LTERATIONS.

AN-D

C.2-2 Suspend movement of Immediately
-n> irradiated fuel assemblies.

D. Two CRACS trains 94 SepeRd G i.mediteI,
inoperable in MODE 5 or 6, ALTERATIONS.
or during movement of
irradiated fuel assemblies. AN-Q

i D. Suspend movement of Immediately
rcently - > irradiated fuel assemblies.

E. Two CRACS trains E.1 Enter LCO 3.0.3. Immediately
inoperable in MODE 1, 2,
3, or4.
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EES
3.7.13

3.7 PLANT SYSTEMS

3.7.13 Emergency Exhaust System (EES)

LCO 3.7.13 Two EES trains shall be OPERABLE.

-NOTE ---------------------------------
The auxiliary building or fuel building boundary may be opened
intermittently under administrative controls.

APPLICABILITY:
MODES 1, 2, 3, and 4,

During movement oirradiated fuel assemblies in the fuel building.
reetyNOTE

The SIS mode of operation is required only in MODES 1, 2, 3, and 4. The
FBVIS mode of operation is required only during movement of irradiated
fuel assemblies in the fuel building.
----------------------------- ------------ j re et ly --------

ACTIONS

-NOTE.
LCO 3.0.3 is not applicable to the FBVIS mode of operation.

CONDITION REQUIRED ACTION COMPLETION TIME

A. One EES train inoperable. A.1 Restore EES train to 7 days
OPERABLE status.

B. Two EES trains inoperable B.1 Restore auxiliary building 24 hours
due to inoperable auxiliary boundary to OPERABLE
building boundary in status.
MODE 1, 2, 3, or 4.

(continued)
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EES
3.7.13

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

C. Required Action and C.1 Be in MODE 3. 6 hours
associated Completion
Time of Condition A or B AND
not met in MODE 1, 2, 3,
or 4. C.2 Be in MODE 5. 36 hours

OR

Two EES trains inoperable
in MODE 1,2, 3, or 4 for
reasons other than
Condition B.

D. Required Action and
associated Completion
Time of Condition A not
met during movement of
irradiated fuel assemblies

eenl in the fuel building.

D.1 Place OPERABLE EES
train in operation in FBVIS
mode.

Immediately

Immediately

OR

D.2 Suspend movement of
irradiated fuel assemblies

, tiy in the fuel building.

4 4

E. Two EES trains inoperable
due to inoperable fuel
building boundary during
movement o irradiated fuel
assembliesIn the fuel
building.

- -t recently

E.1 Restore fuel building
boundary to OPERABLE
status.

24 hours

(continued)
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EES
3.7.13

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

F. Required Action and
associated Completion
Time of Condition E not
met.

OR

F.1 Suspend movement of
irradiated fuel assemblies
in the fuel building.

Immediately

rTwo EES trains inoperable

during movement of
irradiated fuel assemblies
in the fuel building for
reasons other than
Condition E.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.7.13.1 Operate each EES train for _> 10 continuous hours 31 days
with the heaters operating.

SR 3.7.13.2 Perform required EES filter testing in accordance with In accordance with
the Ventilation Filter Testing Program (VFTP). the VFTP

SR 3.7.13.3 Verify each EES train actuates on an actual or 18 months
simulated actuation signal.

(continued)
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Containment Penetrations
3.9.4

3.9 REFUELING OPERATIONS

3.9.4 Containment Penetrations

LCO 3.9.4 The containment penetrations shall be in the following status:

a. The equipment hatch closed and held in place by four bolts, or if
open, capable of being closed;

b. One door in the emergency air lock closed and one door in the
personnel air lock capable of being closed; and

--------------------------- NOTE ------------------------
An emergency personnel escape air lock temporary closure device is an
acceptable replacement for an emergency air lock door.

c. Each penetration providing direct access from the containment
atmosphere to the outside atmosphere either:

1. closed by a manual or automatic isolation valve, blind flange,
or equivalent, or

2. capable of being closed by an OPERABLE Containment
Purge Isolation valve.

------------------------- NOTE.
Penetration flow path(s) providing direct access from the containment
atmosphere to the outside atmosphere may be unisolated under
administrative controls.

APPLICABILITY: Dun,,g CQOR• A' TER-ATIONS,

During movement o irradiated fuel assemblies within containment.

recen
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Containment Penetrations
3.9.4

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. One or more containment A4 SwspeRd G- Immediately
penetrations not in ALTERATIONS.
required status.

A. Suspend movement of Immediately
rradiated fuel assemblies

, within containment.
recently

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.9.4.1 Verify each required containment penetration is in the 7 days
required status.

SR 3.9.4.2 ------------------- NOTE -------------------
Only required for an open equipment hatch.

Verify the capability to install the equipment hatch. 7 days

SR 3.9.4.3 Verify each required containment purge isolation 18 months
valve actuates to the isolation position on an actual or
simulated actuation signal.
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Programs and Manuals
5.5

5.5 Programs and Manuals

5.5.12 Explosive Gas and Storage Tank Radioactivity Monitoring Program (continued)

The program shall include:

a. The limits for concentrations of hydrogen and oxygen in the Waste Gas
Holdup System and a surveillance program to ensure the limits are
maintained. Such limits shall be appropriate to the system's design
criteria (i.e., whether or not the system is designed to withstand a
hydrogen explosion);

b. A surveillance program to ensure that the quantity of radioactivity
contained in each gas storage tank is less than the amount that would
result in a whole body exposure of _> " rem to any individual in an
unrestricted area, in the event of an urntrolled release of the tanks'
contents; and 0.1

c. A surveillance program to ensure that the quantity of radioactivity
contained in the following outdoor liquid radwaste tanks that are not
surrounded by liners, dikes, or walls, capable of holding the tanks'
contents and that do not have tank overflows and surrounding area drains
connected to the Liquid Radwaste Treatment System is less than the
amount that would result in concentrations less than the limits of
10 CFR 20, Appendix B, Table 2, Column 2, at the nearest potable water
supply and the nearest surface water supply in an unrestricted area, in the
event of an uncontrolled release of the tanks' contents.

a. Reactor Makeup Water Storage Tank
b. Refueling Water Storage Tank
c. Condensate Storage Tank, and
d. Outside Temporary tanks, excluding demineralizer vessels and

the liner being used to solidify radioactive waste.

The provisions of SR 3.0.2 and SR 3.0.3 are applicable to the Explosive Gas and
Storage Tank Radioactivity Monitoring Program surveillance frequencies.

5.5,13 Diesel Fuel Oil Testing Program

A diesel fuel oil testing program to implement required testing of both new fuel oil
and stored fuel oil shall be established. The program shall include sampling and
testing requirements, and acceptance criteria, all in accordance with applicable
ASTM Standards. The purpose of the program is to establish the following:

(continued)
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Definitions
1.1

1.1 Definitions (continued)

CHANNEL CHECK

CHANNEL OPERATIONAL
TEST (COT)

CORE ALTERATION

CORE OPERATING LIMITS

REPORT (COLR)

DOSE EQUIVALENT 1-131

A CHANNEL CHECK shall be the qualitative assessment, by
observation, of channel behavior during operation. This
determination shall include, where possible, comparison of
the channel indication and status to other indications or status
derived from independent instrument channels measuring the
same parameter.

A COT shall be the injection of a simulated or actual signal
into the channel as close to the sensor as practicable to verify
OPERABILITY, of all devices in the channel required for
channel OPERABILITY. The COT shall include adjustments,
as necessary, of the required alarm, interlock, and trip
setpoints required for channel OPERABILITY such that the
setpoints are within the necessary range and accuracy. The
COT may be performed by means of any series of sequential,
overlapping, or total channel steps.

CORE ALTERATION shall be the movement of any fuel,
sources, or reactivity control components, within the reactor
vessel with the vessel head removed and fuel in the vessel.
Suspension of CORE ALTERATIONS shall not preclude
completion of movement of a component to a safe position.

The COLR is the unit specific document that provides cycle
specific parameter limits for the current reload cycle. These
cycle specific parameter limits shall be determined for each
reload cycle in accordance with Specification 5.6.5. Plant
operation within these limits is addressed in individual
Specifications.

DOSE EQUIVALENT 1-131 shall be that concentration of I-
131 (microcuries per gram) that alone would produce the
same dose when inhaled as the combined activities of iodine
isotopes 1-131, 1-132, 1-133, 1-134, and 1-135 actually present.
The determination of DOSE EQUIVALENT 1-131 shall be
performed using thyroid dose conversion factors from Table
2.1 of EPA Federal Guidance Report No. 11, 1988, "Limiting
Values of Radionuclide Intake and Air Concentration and
Dose Conversion Factors for Inhalation, Submersion, and
Ingestion."

(continued)
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Definitions
1.1

1.1 Definitions (continued)

DOSE EQUIVALENT XE-133

ENGINEERED SAFETY
FEATURE (ESF) RESPONSE
TIME

LEAKAGE

DOSE EQUIVALENT XE-133 shall be that concentration of
Xe-1 33 (microcuries per gram) that alone would produce the
same acute dose to the whole body as the combined activities
of noble gas nuclides Kr-85m, Kr-87, Kr-88, Xe-1 33m, Xe-
133, Xe-135m, Xe-135, and Xe-138 actually present. If a
specific noble gas nuclide is not detected, it should be
assumed to be present at the minimum detectable activity.
The determination of DOSE EQUIVALENT XE-1 33 shall be
performed using the effective dose conversion factors for air
submersion listed in Table 111.1 of EPA Federal Guidance
Report No. 12, 1993, "External Exposure to Radionuclides in
Air, Water, and Soil."

The ESF RESPONSE TIME shall be that time interval from
when the monitored parameter exceeds its ESF actuation
setpoint at the channel sensor until the ESF equipment is
capable of performing its safety function (i.e., the valves travel
to their required positions, pump discharge pressures reach
their required values, etc.). Times shall include diesel
generator starting and sequence loading delays, where
applicable. The response time may be measured by means
of any series of sequential, overlapping, or total steps so that
the entire response time is measured. In lieu of
measurement, response time may be verified for selected
components provided that the components and the
methodology for verification have been previously reviewed
and approved by the NRC.

LEAKAGE shall be:

a. Identified LEAKAGE

1. LEAKAGE, such as that from pump seals or valve
packing (except reactor coolant pump (RCP) seal
water injection or leakoff), that is captured and
conducted to collection systems or a sump or
collecting tank;

2. LEAKAGE into the containment atmosphere from
sources that are both specifically located and
known either not to interfere with the operation of
leakage detection systems or not to be pressure
boundary LEAKAGE; or

(continued)
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Definitions
1.1

1.1 Definitions (continued)

LEAKAGE
(continued)

MASTER RELAY TEST

3. Reactor Coolant System (RCS) LEAKAGE through
a steam generator to the Secondary System
(primary to secondary LEAKAGE);

b. Unidentified LEAKAGE

All LEAKAGE (except RCP seal water injection or
leakoff) that is not identified LEAKAGE;

c. Pressure Boundary LEAKAGE

LEAKAGE (except primary to secondary LEAKAGE)
through a nonisolable fault in an RCS component body,
pipe wall, or vessel wall.

A MASTER RELAY TEST shall consist of energizing all
master relays in the channel required for channel
OPERABILITY and verifying the OPERABILITY of each
required master relay. The MASTER RELAY TEST shall
include a continuity check of each associated required slave
relay. The MASTER RELAY TEST may be performed by
means of any series of sequential, overlapping, or total steps.

A MODE shall correspond to any one inclusive combination of
core reactivity condition, power level, average reactor coolant
temperature, and reactor vessel head closure bolt tensioning
specified in Table 1.1-1 with fuel in the reactor vessel.

A system, subsystem, train, component, or device shall be
OPERABLE or have OPERABILITY when it is capable of
performing its specified safety function(s) and when all
necessary attendant instrumentation, controls, normal or
emergency electrical power, cooling and seal water,
lubrication, and other auxiliary equipment that are required for
the system, subsystem, train, component, or device to
perform its specified safety function(s) are also capable of
performing their related support function(s).

MODE

OPERABLE--OPERABILITY

(continued)
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Containment Purge Isolation Instrumentation
3.3.6

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

B. --------- NOTE --------- B.1 Place and maintain Immediately
Only applicable during containment purge supply
movement of recently and exhaust valves in
irradiated fuel assemblies closed position.
within containment.

OR

One or more Functions B.2 Enter applicable Immediately
with one or more Conditions and Required
channels or trains Actions of LCO 3.9.4,
inoperable. "Containment

Penetrations," for
containment purge supply
and exhaust valves made
inoperable by isolation
instrumentation.

SURVEILLANCE REQUIREMENTS

--------------------------- NOTE---------------------------------
Refer to Table 3.3.6-1 to determine which SRs apply for each Containment Purge Isolation
Function.

SURVEILLANCE FREQUENCY

SR 3.3.6.1 Perform CHANNEL CHECK. 12 hours

SR 3.3.6.2 ---------------------- NOTE -----------------
The continuity check may be excluded.

Perform ACTUATION LOGIC TEST. 31 days on a
STAGGERED
TEST BASIS

(continued)
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Containment Purge Isolation Instrumentation
3.3.6

Table 3.3.6-1 (page 1 of 1)
Containment Purge Isolation Instrumentation

APPLICABLE
MODES OR

OTHER
SPECIFIED SURVEILLANCE

FUNCTION CONDITIONS REQUIRED CHANNELS REQUIREMENTS TRIP SETPOINT

1 Manual 1,2,3,4, 2 SR 3.3.6.4 NA
Initiation (a)

2. Automatic 1,2,3,4, 2 trains SR 3.3.6.2 NA
Actuation Logic (a) SR 3.3.6.6
and Actuation
Relays (BOP
ESFAS)

3. Containment 1,2,3,4, 1 SR 3.3.6.1 (b)
Atmosphere - (a) SR 3.3.6.3
Gaseous SR 3.3.6.5
Radioactivity

4. Containment Refer to LCO 3.3.2, "ESFAS Instrumentation," Function 3.a, for all initiation functions and requirements.
Isolation -
Phase A

(a)
(b)

During movement of recently irradiated fuel assemblies within containment.
Trip setpoint concentration value (pCi/cm 3 ) is to be established such that the actual submersion rate would not exceed
9 mR/h in the containment building.
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CREVS Actuation Instrumentation
3.3.7

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

D. Required Action and D .1 Be in MODE 3. 6 hours
associated Completion
Time for Condition A, B AND
or C not met in MODE 1, 2,
3, or 4. D .2 Be in MODE 5. 36 hours

E. Required Action and E.1 Suspend movement of Immediately
associated Completion recently irradiated fuel
Time for Condition A, B assemblies.
or C not met during
movement of recently
irradiated fuel assemblies.

SURVEILLANCE REQUIREMENTS
----------------- NOTE --------------------------------------------

Refer to Table 3.3.7-1 to determine which SRs apply for each CREVS Actuation Function.

SURVEILLANCE FREQUENCY

SR 3.3.7.1 Perform CHANNEL CHECK. 12 hours

SR 3.3.7.2 Perform COT. 92 days

(continued)
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CREVS Actuation Instrumentation
3.3.7

Table 3.3.7-1 (page 1 of 1)
CREVS Actuation Instrumentation

APPLICABLE
MODES OR

OTHER
SPECIFIED REQUIRED SURVEILLANCE

FUNCTION CONDITIONS CHANNELS REQUIREMENTS TRIP SETPOINT

1. Manual Initiation 1,2, 3, 4, 2 SR 3.3.7.4 NA
and (a)

2. Automatic Actuation Logic 1,2,3,4, 2 trains SR 3.3.7.3 NA
and Actuation Relays (BOP and (a)
ESFAS)

3. Control Room Radiation- 1,2,3,4, 2 SR 3.3.7.1 (b)
Control Room Air Intakes and (a) SR 3.3.7.2

SR 3.3.7.5

4. Containment Isolation - Refer to LCO 3.3.2, "ESFAS Instrumentation," Function 3.a, for all initiation functions and
Phase A requirements.

(a) During movement of recently irradiated fuel assemblies.
(b) Trip Setpoint concentration value (1 .Ci/cm3) is to be established such that the actual submersion dose rate would not exceed

2 mR/hr in the control room.
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EES Actuation Instrumentation
3.3.8

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

D. Required Action and D.1 Suspend movement of Immediately
associated Completion recently irradiated fuel
Time for Condition A, B or assemblies in the fuel
C not met during building.
movement of recently
irradiated fuel assemblies
in the fuel building.

SURVEILLANCE REQUIREMENTS

--------------------------- NOTE----------------------------------
Refer to Table 3.3.8-1 to determine which SRs apply for each EES Actuation Function.

SURVEILLANCE FREQUENCY

SR 3.3.8.1 Perform CHANNEL CHECK. 12 hours

SR 3.3.8.2 Perform COT. 92 days

SR 3.3.8.3 --------------------- NOTE -----------------
The continuity check may be excluded.

Perform ACTUATION LOGIC TEST. 31 days on a
STAGGERED
TEST BASIS

(continued)
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EES Actuation Instrumentation
3.3.8

Table 3.3.8-1 (page 1 of 1)
EES Actuation Instrumentation

APPLICABLE
MODES OR
SPECIFIED REQUIRED SURVEILLANCE TRIP

FUNCTION CONDITIONS CHANNELS REQUIREMENTS SETPOINT

1. Manual Initiation (a) 2 SR 3.3.8.4 NA

2. Automatic Actuation Logic and (a) 2 trains SR 3.3.8.3 NA
Actuation Relays (BOP
ESFAS)

3. Fuel Building Exhaust Radiation -
Gaseous (a) 2 SR 3.3.8.1 (b)

SR 3.3.8.2
SR 3.3.8.5

(a) During movement of recently irradiated fuel assemblies in the fuel building.
(b) Trip Setpoint concentration value (p.Ci/cm 3) is to be established such that the actual submersion dose rate would not

exceed 4 mR/hr in the fuel building.
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CREVS
3.7.10

3.7 PLANT SYSTEMS

3.7.10 Control Room Emergency Ventilation System (CREVS)

LCO 3.7.10 Two CREVS trains shall be OPERABLE.

------------------------ -- NOTE ------------------------
The control room envelope (CRE) and control building envelope (CBE)
boundaries may be opened intermittently under administrative controls.

APPLICABILITY: MODES 1, 2, 3, and 4,
During movement of recently irradiated fuel assemblies.

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. One CREVS train A.1 Restore CREVS train to 7 days
inoperable for reasons OPERABLE status.
other than Condition B.

B. One or more CREVS trains B.1 Initiate action to Immediately
inoperable due to an implement mitigating
inoperable CRE boundary actions.
or an inoperable CBE
boundary in MODES 1, 2, AND
3, or4.

B.2 Verify mitigating actions to 24 hours
ensure CRE occupant
radiological exposures will
not exceed limits and CRE
occupants are protected
from chemical and smoke
hazards.

AND

B.3 Restore CRE boundary 90 days
and CBE boundary to
OPERABLE status.

(continued)
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CREVS
3.7.10

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

C. Required Action and C.1 Be in MODE 3. 6 hours
associated Completion
Time of Condition A or B AND
not met in MODE 1, 2, 3,
or 4. C.2 Be in MODE 5. 36 hours

D. Required Action and D.1 Place OPERABLE Immediately
associated Completion CREVS train in CRVIS
Time of Condition A not mode.
met during movement of
recently irradiated fuel OR
assemblies.

D.2 Suspend movement of Immediately
recently irradiated fuel
assemblies.

E. Two CREVS trains E.1 Suspend movement of Immediately
inoperable during recently irradiated fuel
movement of recently assemblies.
irradiated fuel assemblies.

OR

One or more CREVS trains
inoperable due to an
inoperable CRE boundary
or an inoperable CBE
boundary during
movement of recently
irradiated fuel assemblies.

(continued)
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CRACS
3.7.11

3.7 PLANT SYSTEMS

3.7.11 Control Room Air Conditioning System (CRACS)

LCO 3.7.11

APPLICABILITY:

Two CRACS trains shall be OPERABLE.

MODES 1, 2, 3, 4, 5, and 6,
During movement of recently irradiated fuel assemblies.

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. One CRACS train A.1 Restore CRACS train to 30 days
inoperable. OPERABLE status.

B. Required Action and B.1 Be in MODE 3. 6 hours
associated Completion
Time of Condition A not AND
met in MODE 1, 2, 3, or 4.

B.2 Be in MODE 5. 36 hours

(continued)
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CRACS
3.7.11

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

C. Required Action and C.1 Place OPERABLE Immediately
associated Completion CRACS train in operation.
Time of Condition A not
met in MODE 5 or 6, or OR
during movement of
recently irradiated fuel C.2 Suspend movement of Immediately
assemblies, recently irradiated fuel

assemblies.

D. Two CRACS trains D.1 Suspend movement of Immediately
inoperable in MODE 5 or 6, recently irradiated fuel
or during movement of assemblies.
recently irradiated fuel
assemblies.

E. Two CRACS trains E.1 Enter LCO 3.0.3. Immediately
inoperable in MODE 1, 2,
3, or4.
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EES
3.7.13

3.7 PLANT SYSTEMS

3.7.13 Emergency Exhaust System (EES)

LCO 3.7.13 Two EES trains shall be OPERABLE.

---------------------NOTE -------------------------
The auxiliary building or fuel building boundary may be opened
intermittently under administrative controls.

APPLICABILITY: MODES 1, 2, 3, and 4,
During movement of recently irradiated fuel assemblies in the fuel building.

, I•Ir
--- - - - -- - - - - -- - - - - -- - - - - I--.I---------------------------------

The SIS mode of operation is required only in MODES 1, 2, 3, and 4. The
FBVIS mode of operation is required only during movement of recently
irradiated fuel assemblies in the fuel building.

ACTIONS

------------------NOTE
LCO 3.0.3 is not applicable to the FBVIS mode of operation.

CONDITION REQUIRED ACTION COMPLETION TIME

A. One EES train inoperable. A.1 Restore EES train to 7 days
OPERABLE status.

B. Two EES trains inoperable B.1 Restore auxiliary building 24 hours
due to inoperable auxiliary boundary to OPERABLE
building boundary in status.
MODE 1,2, 3, or 4.

(continued)
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EES
3.7.13

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

C. Required Action and C.1 Be in MODE 3. 6 hours
associated Completion
Time of Condition A or B AND
not met in MODE 1,2, 3,
or 4. C.2 Be in MODE 5. 36 hours

OR

Two EES trains inoperable
in MODE 1, 2, 3, or 4 for
reasons other than
Condition B.

D. Required Action and D.1 Place OPERABLE EES Immediately
associated Completion train in operation in FBVIS
Time of Condition A not mode.
met during movement of
recently irradiated fuel OR
assemblies in the fuel
building. D.2 Suspend movement of Immediately

recently irradiated fuel
assemblies in the fuel
building.

E. Two EES trains inoperable E.1 Restore fuel building 24 hours
due to inoperable fuel boundary to OPERABLE
building boundary during status.
movement of recently
irradiated fuel assemblies
in the fuel building.

(continued)
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EES
3.7.13

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

F. Required Action and F.1 Suspend movement of Immediately
associated Completion recently irradiated fuel
Time of Condition E not assemblies in the fuel
met. building.

OR

Two EES trains inoperable
during movement of
recently irradiated fuel
assemblies in the fuel
building for reasons other
than Condition E.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.7.13.1 Operate each EES train for 10 continuous hours 31 days
with the heaters operating.

SR 3.7.13.2 Perform required EES filter testing in accordance with In accordance with
the Ventilation Filter Testing Program (VFTP). the VFTP

SR 3.7.13.3 Verify each EES train actuates on an actual or 18 months
simulated actuation signal.

(continued)
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Containment Penetrations
3.9.4

3.9 REFUELING OPERATIONS

3.9.4 Containment Penetrations

LCO 3.9.4 The containment penetrations shall be in the following status:

a. The equipment hatch closed and held in place by four bolts, or if
open, capable of being closed;

b. One door in the emergency air lock closed and one door in the
personnel air lock capable of being closed; and

------------------------- NOTE -------------------------
An emergency personnel escape air lock temporary closure device is an
acceptable replacement for an emergency air lock door.

c. Each penetration providing direct access from the containment
atmosphere to the outside atmosphere either:

1. closed by a manual or automatic isolation valve, blind flange,
or equivalent, or

2. capable of being closed by an OPERABLE Containment
Purge Isolation valve.

------------------------- NOTE
Penetration flow path(s) providing direct access from the containment
atmosphere to the outside atmosphere may be unisolated under
administrative controls.

APPLICABILITY: During movement of recently irradiated fuel assemblies within containment.
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Containment Penetrations
3.9.4

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. One or more containment A.1 Suspend movement of Immediately
penetrations not in recently irradiated fuel
required status. assemblies within

containment.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.9.4.1 Verify each required containment penetration is in the 7 days
required status.

SR 3.9.4.2 ------------------- NOTE -------------------
Only required for an open equipment hatch.

Verify the capability to install the equipment hatch. 7 days

SR 3.9.4.3 Verify each required containment purge isolation 18 months
valve actuates to the isolation position on an actual or
simulated actuation signal.
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Programs and Manuals
5.5

5.5 Programs and Manuals

5.5.12 Explosive Gas and Storage Tank Radioactivity Monitoring Program (continued)

The program shall include:

a. The limits for concentrations of hydrogen and oxygen in the Waste Gas
Holdup System and a surveillance program to ensure the limits are
maintained. Such limits shall be appropriate to the system's design
criteria (i.e., whether or not the system is designed to withstand a
hydrogen explosion);

b. A surveillance program to ensure that the quantity of radioactivity
contained in each gas storage tank is less than the amount that would
result in a whole body exposure of _> 0.1 rem to any individual in an
unrestricted area, in the event of an uncontrolled release of the tanks'
contents; and

c. A surveillance program to ensure that the quantity of radioactivity
contained in the following outdoor liquid radwaste tanks that are not
surrounded by liners, dikes, or walls, capable of holding the tanks'
contents and that do not have tank overflows and surrounding area drains
connected to the Liquid Radwaste Treatment System is less than the
amount that would result in concentrations less than the limits of
10 CFR 20, Appendix B, Table 2, Column 2, at the nearest potable water
supply and the nearest surface water supply in an unrestricted area, in the
event of an uncontrolled release of the tanks' contents.

a. Reactor Makeup Water Storage Tank
b. Refueling Water Storage Tank
c. Condensate Storage Tank, and
d. Outside Temporary tanks, excluding demineralizer vessels and

the liner being used to solidify radioactive waste.

The provisions of SR 3.0.2 and SR 3.0.3 are applicable to the Explosive Gas and
Storage Tank Radioactivity Monitoring Program surveillance frequencies.

5.5.13 Diesel Fuel Oil Testing Program

A diesel fuel oil testing program to implement required testing of both new fuel oil
and stored fuel oil shall be established. The program shall include sampling and
testing requirements, and acceptance criteria, all in accordance with applicable
ASTM Standards. The purpose of the program is to establish the following:

(continued)
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RCS Pressure SL
B 2.1.2

B 2.0 SAFETY LIMITS (SLs)

B 2.1.2 Reactor Coolant System (RCS) Pressure SL

BASES

BACKGROUND The SL on RCS pressure protects the integrity of the RCS against
overpressurization. In the event of fuel cladding failure, fission products
are released into the reactor coolant. The RCS then serves as the
primary barrier in preventing the release of fission products into the
atmosphere. By establishing an upper limit on RCS pressure, the
continued integrity of the RCS is ensured. According to 10 CFR 50,
Appendix A, GDC 14, "Reactor Coolant Pressure Boundary," and
GDC 15, "Reactor Coolant System Design" (Ref. 1), the reactor pressure
coolant boundary (RCPB) design conditions are not to be exceeded
during normal operation and anticipated operational occurrences (AOOs).
Also, in accordance with GDC 28, "Reactivity Limits" (Ref. 1), reactivity
accidents, including rod ejection, do not result in damage to the RCPB
greater than limited local yielding.

The design pressure of the RCS is 2500 psia. During normal operation
and AQOs, RCS pressure is limited from exceeding the design pressure
by more than 10%, in accordance with Section III of the ASME Code
(Ref. 2). To ensure system integrity, all RCS components are
hydrostatically tested at 125% of design pressure, according to the ASME
Code requirements prior to initial operation when there is no fuel in the
core. Following inception of unit operation, RCS components shall be
pressure tested, in accordance with the requirements of ASME Code,
Section Xl (Ref. 3).

Overpressurization of the RCS could result in a breach of the RCPB. If
such a breach occurs in conjunction with a fuel cladding failure, fission
products could enter the containment atmosphere, raising concerns
relative to limits on radioactive releases specified in 10 CFR 100, -Reato"
SieGriteria. (Ref. 4). 5.

APPLICABLE
SAFETY ANALYSES

The RCS pressurizer safety valves, the main steam safety valves
(MSSVs), and the reactor high pressure trip have settings established to

ensure that the RCS pressure SL will not be exceeded.

The RCS pressurizer safety valves are sized to prevent system pressure
from exceeding the design pressure by more than 10%, as specified in
Section III of the ASME Code for Nuclear Power Plant Components
(Ref. 2). The transient that establishes the required relief capacity, and
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RCS Pressure SL
B 2.1.2

BASES

SAFETY LIMIT
VIOLATIONS

The following SL violations are applicable to the RCS pressure SL.

2.2.2.1

If the RCS pressure SL is violated when the reactor is in MODE 1 or 2, the
requirement is to restore compliance and be in MODE 3 within 1 hour.

Exceeding the RCS pressure SL may cause immediate RCS failure and
create a potential for radioactive releases in excess of 10 CFR 4 40 0

T

"Reactor Site Criteria," limits (Ref. 4). 50.67

The allowable Completion Time of 1 hour recognizes the importance of
reducing power level to a MODE of operation where the potential for
challenges to safety systems is minimized.

2.2.2.2

If the RCS pressure SL is exceeded in MODE 3, 4, or 5, RCS pressure
must be restored to within the SL value within 5 minutes. Exceeding the
RCS pressure SL in MODE 3, 4, or 5 is more severe than exceeding this
SL in MODE 1 or 2, since the reactor vessel temperature may be lower
and the vessel material, consequently, less ductile. As such, pressure
must be reduced to less than the SL within 5 minutes. The action does
not require reducing MODES, since this would require reducing
temperature, which would compound the problem by adding thermal
gradient stresses to the existing pressure stress.

REFERENCES 1. 10 CFR 50, Appendix A, GDC 14, GDC 15, and GDC 28.

2. ASME, Boiler and Pressure Vessel Code, Section III,
Article NB-7000.

3. ASME, Boiler and Pressure Vessel Code, Section Xl,
Article IWX-5000.

4. 10 CFR -l-o. F5067
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SDM
B 3.1.1

BASES

LCO SDM is a core design condition that can be ensured during operation
through control rod positioning (control and shutdown banks) and through
the soluble boron concentration. 50.67

The MSLB (Ref. 2) and the boron di ion (Ref. 3) accidents are the most
limiting analyses that establish t SDM value of the LCO. For MSLB
accidents, if the LCO is viol , there is a potential to exceed the DNBR
limit and to exceed 10 CFR 1"-0, "Reactor Site Criteria," limits (Ref. 4).
For the boron dilution accident, if the LCO is violated, the minimum
required time assumed for operator action to terminate dilution may no
longer be sufficient. The required SDM limit is specified in the COLR.

APPLICABILITY In MODE 2 with keff < 1.0 and in MODES 3, 4, and 5, the SDM
requirements are applicable to provide sufficient negative reactivity to
meet the assumptions of the safety analyses discussed above. In
MODE 6, the shutdown reactivity requirements are given in LCO 3.9.1,
"Boron Concentration." In MODES 1 and 2, SDM is ensured by
complying with LCO 3.1.5, "Shutdown Bank Insertion Limits," and
LCO 3.1.6, "Control Bank Insertion Limits."

The risk assessments of LCO 3.0.4b. may only be utilized for systems and
components, not Criterion 2 values or parameters such as SDM.
Therefore, a risk assessment per LCO 3.0.4b. to allow MODE changes
with single or multiple system/equipment inoperabilities may not be used
to allow a MODE change into or within this LCO while not meeting the
SDM limits, even if risk assessment specifically includes consideration of
SDM.

ACTIONS A.1

If the SDM requirements are not met, boration must be initiated promptly.
A Completion Time of 15 minutes is adequate for an operator to correctly
align and start the required systems and components. It is assumed that
boration will be continued until the SDM requirements are met.

In the determination of the required combination of boration flow rate and
boron concentration, there is no unique requirement that must be
satisfied. Since it is imperative to raise the boron concentration of the
RCS as soon as possible, the borated water source should be a highly
concentrated solution, such as that normally found in the boric acid
storage tank, or the refueling water storage tank. The operator should
borate with the best source available for the plant conditions.
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SDM
B 3.1.1

BASES

SURVEILLANCE
REQUIREMENTS

SR 3.1.1.1

In MODES 1 and 2, SDM is verified by observing that the requirements of
LCO 3.1.5 and LCO 3.1.6 are met. In the event that a rod is known to be
untrippable, however, SDM verification must account for the worth of the
untrippable rod as well as another rod of maximum worth.

In MODES 2 (with keff < 1.0), 3, 4, and 5, the SDM is verified by
performing a reactivity balance calculation, considering the listed reactivity
effects:

a. RCS boron concentration;

b. Control and shutdown rod position;

c. RCS average temperature;

d. Fuel burnup based on gross thermal energy generation;

e. Xenon concentration;

f. Samarium concentration; and

g. Isothermal temperature coefficient (ITC).

Using the ITC accounts for Doppler reactivity in this calculation; when the
reactor is subcritical, the fuel temperature will be changing at the same
rate as the RCS.

The Frequency of 24 hours is based on the generally slow change in
required boron concentration and the low probability of an accident
occurring without the required SDM. This allows time for the operator to
collect the required data, which includes performing a boron concentration
analysis, and complete the calculation.

REFERENCES 1. 10 CFR 50, Appendix A, GDC 26.

2. USAR, Section 15.1.5.

3. USAR, Section 15.4.6.

4. 10 CFR -O. 5.67
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RTS Instrumentation
B 3.3.1

B 3.3 INSTRUMENTATION

B 3.3.1 Reactor Trip System (RTS) Instrumentation

BASES

BACKGROUND The RTS initiates a unit shutdown, based on the values of selected unit
parameters, to protect against violating the core fuel design limits and
Reactor Coolant System (RCS) pressure boundary during Anticipated
Operational Occurrences (AOOs) and to assist the Engineered Safety
Features (ESF) Systems in mitigating accidents.

The protection and monitoring systems have been designed to assure
safe operation of the reactor. This is achieved by specifying Limiting
Safety System Settings (LSSS) in terms of parameters directly monitored
by the RTS, as well as specifying LCOs on other reactor system
parameters and equipment performance.

The LSSS, defined in this specification as the Allowable Values, in
conjunction with the LCOs, establish the threshold for protective system
action to prevent exceeding acceptable limits during Design Basis
Accidents (DBAs).

During AOOs, which are those events expected to occur one or more
times during the unit life, the acceptable limits are:

1. The Departure from Nucleate Boiling Ratio (DNBR) shall be
maintained above the (DNBR) limit;

2. Fuel centerline melt shall not occur; and

3. The RCS pressure Safety Limit of 2735 psig shall not be
exceeded.

Operation within the limits of Specification 2.0, "Safety Limits (SLs)," also
maintains the above values and assures that offsite dose will be within the
10 CFR 20 and 10 CFR 40'~iteria during AOOs.

Accidents are events that are na yze even though they are not
expected to occur during t unit life. The acceptable limit during
accidents is that offsite se shall be maintained within an acceptable
fraction of 10 CFR 4-W imits. Different accident categories are allowed a
different fraction of these limits, based on probability of occurrence.
Meeting the acceptable dose limit for an accident category is considered
having acceptable consequences for that event.
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ESFAS Instrumentation
B 3.3.2

BASES

APPLICABLE e. Safety Injection - Steam Line Pressure - Low (continued)
SAFETY ANALYSES,
LCO, and environment instrument uncertainties. The Trip Setpoint is
APPLICABILITY > 615 psig.

This Function is anticipatory in nature and has a lead/lag
ratio of 50/5.

Steam Line Pressure - Low must be OPERABLE in
MODES 1, 2, and 3 (above P-11 and below P-11 unless
the Safe Injection - Steam Line Pressure - Low Function is
blocked) when a secondary side break or stuck open valve
could result in the rapid depressurization of the steam
lines. This signal may be manually blocked by the operator
below the P-11 setpoint. Below P-11, feed line break is not
a concern. Inside containment SLB will be terminated by
automatic Sl actuation via Containment Pressure - High 1,
and outside containment SLB will be terminated by the
Steam Line Pressure - Negative Rate - High signal for
steam line isolation. This Function is not required to be
OPERABLE in MODE 4, 5, or 6 because there is
insufficient energy in the secondary side of the unit to have
a significant effect on required plant equipment.

2. Containment Spray

Containment Spray provides three primary functions:

1. Lowers containment pressure and temperature after an
HELB in containment; and parti

2. Reduces the amount of radioactive iodine in the
containment atmosphere; and

3. Adjusts the pH of the water in the containment recirculation
sumps after a large break LOCA.

These functions are necessary to:

* Ensure the pressure boundary integrity of the containment
structure; ýand particulates

* Limit the release of radioactive iodineto the environment;
and
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PAM Instrumentation
B 3.3.3

BASES

LCO 12. Steam Generator Water Level (Wide Range) (continued)

used to determine whether adequate core cooling is provided in
the absence of wide range level indication for a steam generator.
The design limitation of having one wide range level indicator in
conjunction with one AFW flow indicator per steam generator is
consistent with NUREG-0737, Item I1.E.1.2 (Reference 8). Wide
range steam generator level is not a Type A variable.

SG Water Level (Wide Range) is used to:

verify that the intact SGs are an adequate heat sink for the
reactor;

determine the nature of the accident in progress (e.g.,
verify SGTR evef-ill); and

verify unit conditions for termination of SI during secondary
unit HELBs outside containment.

13. Steam Generator Water Level (Narrow Range)

Steam Generator Water Level (Narrow Range) is a Type A,
Category 1 variable for Steam Generator Tube Rupture event
diagnosis and SI termination.

SG Water Level (Narrow Range) is used to:

identify the affected SG following a tube rupture;

determine the nature of the accident in progress (e.g.,
verify an SGTR); and

verify unit conditions for termination of SI during secondary

unit HELBs outside containment.

14, 15, 16, 17. Core Exit Temperature

Core exit temperature is a Category 1 variable which provides for
verification and long term surveillance of core cooling.

An evaluation was made in support of Reference 2 of the minimum
number of valid core exit thermocouples (CET) necessary for
measuring core cooling. The evaluation determined the reduced
complement of CETs necessary to detect initial core recovery and
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Containment Purge Isolation Instrumentation
B 3.3.6

B 3.3 INSTRUMENTATION

B 3.3.6 Containment Purge Isolation Instrumentation

BASES

BACKGROUND Containment purge isolation instrumentation closes the containment
isolation valves in the Mini Purge System and the Shutdown Purge
System. This action isolates the containment atmosphere from the
environment to minimize releases of radioactivity in the event of an
accident. The Mini Purge System may be in use during reactor operation
and the Shutdown Purge System will be in use with the reactor shutdown.

Containment Purge Isolation initiates on an automatic or manual safety
injection (SI) signal through the Containment Isolation - Phase A Function,
or by manual actuation of Phase A Isolation. The Bases for LCO 3.3.2,
"Engineered Safety Feature Actuation System (ESFAS) Instrumentation,"
discuss these modes of initiation.

Four safety related radiation monitoring channels are also provided as
input to the containment purge isolation. The requirement for one
Containment Atmosphere Gaseous Radioactivity monitor (GT RE-31 or
32) is addressed by Function 3 of Table 3.3.6-1. The requirement for one
Containment Purge Radiation monitor (GT RE-22 or 33) is addressed in
the Offsite Dose Calculation Manual (ODCM). Since the containment
atmosphere monitors constitute a sampling system, various components
such as sample line valves and sample pumps are required to support
monitor OPERABILITY. Containment Purge Isolation can also be initiated
by manual push buttons in the control room.

Each of the purge systems has inner and outer containment isolation
valves in its supply and exhaust ducts. A high radiation signal from any
one of the four radiation monitoring channels initiates containment purge
isolation, which closes both inner and outer Containment Isolation Valves
in the Mini Purge System and the Shutdown Purge System. These
systems are described in the Bases for LCO 3.6.3, "Containment Isolation
Valves."

APPLICABLE The safety analyses assume that the containment remains intact with
SAFETY ANALYSES penetrations unnecessary for core cooling isolated early in the event. The

isolation of the purge valves has not been analyzed mechanistically in the
dose calculations, other than for the-i! handlung arccdent
canmnm (isolation with 25 so ,of actity reaching the p,-rge

oloss of coolant accident][10 seconds of accident initiation).
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Containment Purge Isolation Instrumentation
B 3.3.6

BASES

APPLICABLE exhau.,st du.,^ctwork). The containment atmosphere radiation monitors act
SAFETY ANALYSES as backup to the Phase A Isolation signal to ensure closing of the

(continued) containment purge valves. They are also the primary means for
automatically isolating containment in the event of a fuel handling accident
during shutdown. Containment isolation in turn ensures meeting the
containment leaka e rate assumptions of the safety analyses, and
ensures that the cal lated accidental offsite radiological doses are below
10, CF.W (Ref. 1) 11 its.

50.67 The containment purge i lation instrumentation satisfies Criterion 3 of
10 CFR 50.36(c)(2)(ii).

LCO The LCO requirements ensure at the instrumentation necessary to
initiate Containment Purge Isolati n, listed in Table 3.3.6-1, is
OPERABLE.

he fuel handling accident analysis does not credit containment isolation for
dose mitigation after 76 hours of decay lime. The fuel handling accident

1 Manual Initiation analysis does not address fuel movement prior to 76 hours.

The LCO requires two channels OPERABLE. The operator can
initiate Containment Purge Isolation at any time by using either of
two push buttons in the control room. Either push button actuates
both trains. This action will cause actuation of all components in
the same manner as any of the automatic actuation signals.

The LCO for Manual Initiation ensures the proper amount of
redundancy is maintained in the manual actuation circuitry to
ensure the operator has manual initiation capability.

Each channel consists of one push button and the interconnecting

wiring to the actuation logic cabinet.

2. Automatic Actuation Logic and Actuation Relays (BOP ESFAS)

The LCO requires two trains of Automatic Actuation Logic and
Actuation Relays OPERABLE to ensure that no single random
failure can prevent automatic actuation of Containment Purge
Isolation.

Automatic actuation logic and actuation relays consist of the same
features and operate in the same manner as described for BOP
ESFAS in the Bases Background for 3.3.2.

Wolf Creek - Unit 1 B 3.3.6-2 Revision 0



Containment Purge Isolation Instrumentation
B 3.3.6

BASES

LCO
(continued) 3. Containment AtmosDhere - Gaseous Radioactivity

The LCO specifies one required channel of radiation monitors
(Containment Atmosphere Gaseous Radioactivity monitors, GT
RE-31 or 32) to ensure that the radiation monitoring
instrumentation necessary to initiate Containment Purge Isolation
remains OPERABLE.

For sampling systems, channel OPERABILITY involves more than
OPERABILITY of the channel electronics. OPERABILITY also
requires correct valve lineups and sample pump operation, as well
as detector OPERABILITY, since these supporting features are
necessary for trip to occur under the conditions assumed by the
safety analyses.

4. Containment Isolation - Phase A

Containment Purge Isolation is also initiated by all Table 3.3.2-1
Functions that initiate Phase A. Therefore, the requirements are
not repeated in Table 3.3.6-1. Instead, refer to LCO 3.3.2,
Function 3.a, for all initiating Functions and requirements.

APPLICABILITY

,a(i.e., fuel that has
occupied part of a critical
reactor core within the
previous 76 hours)

The Manual Initiation, Automatic Actuation Logic and Actuation Relays
(BOP ESFAS), Containment Isolation - Phase A, and Containment
Atmosphere - Gaseous Radioactivity Functions are required OPERABLE
in MODES 1, 2, 3, and 4. The Containment Atmosphere - Gaseous

,,,\Radioactivity, Manual Initiation, and BOP ESFAS Logic Function are also
required OPERABLE, during CORE ALTERATIONS or movement of
irradiated fuel assembliepwithin containment. Under these conditions,
the potential exists for an accident that could release ssion product
radioactivity into containment. Therefore, the containmnt purge isolation
instrumentation must be OPERABLE in these MODES. significant

While in MODES 5 and 6 without fuel handling in progress, the
containment purge isolation instrumentation need not be OPERABLE
since the potential for radioactive releases is minimized and operator
action is sufficient to ensure post accident offsite doses are maintained
within the limits of Reference 1.

ACTIONS The most common cause of channel inoperability is outright failure or drift
of the bistable or process module sufficient to exceed the tolerance
allowed by unit specific calibration procedures. Typically, the drift is found
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Containment Purge Isolation Instrumentation
B 3.3.6

BASES

ACTIONS B.1 and B.2 (continued)

A Note states that Condition B is applicable during CORE ALTERpT!ONS
and-during movement o irradiated fuel assemblies within containment.

recently

SURVEILLANCE A Note has been added to the SR Table to clarify that Table 3.3.6-1
REQUIREMENTS determines which SRs apply to which Containment Purge Isolation

Functions.

SR 3.3.6.1

Performance of the CHANNEL CHECK once every 12 hours ensures that
a gross failure of instrumentation has not occurred. A CHANNEL CHECK
is normally a comparison of the parameter indicated on one channel to a
similar parameter on other channels. It is based on the assumption that
instrument channels monitoring the same parameter should read
approximately the same value. Significant deviations between the two
instrument channels could be an indication of excessive instrument drift in
one of the channels or of something even more serious. A CHANNEL
CHECK will detect gross channel failure; thus, it is key to verifying the
instrumentation continues to operate properly between each CHANNEL
CALIBRATION.

Agreement criteria are determined by the unit staff, based on a
combination of the channel instrument uncertainties, including indication
and readability. If a channel is outside the criteria, it may be an indication
that the sensor or the signal processing equipment has drifted outside its
limit.

The Frequency is based on operating experience that demonstrates
channel failure is rare. The CHANNEL CHECK supplements less formal,
but more frequent, checks of channels during normal operational use of
the displays associated with the LCO required channels.

SR 3.3.6.2

SR 3.3.6.2 is the performance of an ACTUATION LOGIC TEST using the
BOP ESFAS automatic tester. The continuity check does not have to be
performed, as explained in the Note. This SR is applied to the balance of
plant actuation logic and relays that do not have circuits installed to
perform the continuity check. This test is required every 31 days on a
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Containment Purge Isolation Instrumentation
B 3.3.6

BASES

SURVEILLANCE
REQUIREMENTS

(continued)

SR 3.3.6.5

A CHANNEL CALIBRATION is performed every 18 months, or
approximately at every refueling. CHANNEL CALIBRATION is a
complete check of the instrument loop, including the sensor. The test
verifies that the channel responds to a measured parameter within the
necessary range and accuracy. The Frequency is based on operating
experience and is consistent with the typical industry refueling cycle.

SR 3.3.6.6

SR 3.3.6.6 is the performance of the required response time verification
every 18 months on a STAGGERED TEST BASIS. Response time
verification acceptance criteria for the containment purge isolation
instrumentation is < 2 seconds. This response time acceptance criteria
does not include valve closure time. Each verification shall include at
least one train such that both trains are verified at least once per 36
months.

REFERENCES 1. 10 CFR 4ion-.4. F50.b067

2. NUREG-1 366, July 22, 1993.
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CREVS Actuation Instrumentation
B 3.3.7

B 3.3 INSTRUMENTATION

B 3.3.7 Control Room Emergency Ventilation System (CREVS) Actuation Instrumentation

BASES

BACKGROUND The CREVS provides an enclosed control room environment from which
the unit can be operated following an uncontrolled release of radioactivity.
During normal operation, the Control Building Ventilation System provides
control room ventilation. Upon receipt of an actuation signal, the CREVS
initiates filtered ventilation and pressurization of the control room. This
system is described in the Bases for LCO 3.7.10, "Control Room
Emergency Ventilation System (CREVS)."

The actuation instrumentation consists of two radiation monitors in the
control room air intake and four radiation monitors in the containment
purge isolation system (refer to B 3.3.6 "Containment Purge Isolation
Instrumentation" Background). A high radiation signal from any of these
gaseous detectors will initiate both trains of the CREVS. The
Containment Purge Isolation Instrumentation, however, is not listed as a
Function for CREVS because appropriate actions are taken in LCO 3.3.6.
The control room operator can also initiate CREVS trains by manual push
buttons in the control room. The CREVS is also actuated by a Phase A
Isolation signal and a Fuel Building Ventilation Isolation signal. The
Phase A Isolation Function is discussed in LCO 3.3.2, "Engineered Safety
Feature Actuation System (ESFAS) Instrumentation." The Fuel Building
Ventilation Isolation is not listed as a Function for CREVS because
appropriate actions are taken in LCO 3.3.8, "EES Actuation
Instrumentation."

APPLICABLE The control room must be kept habitable for the operators stationed
SAFETY ANALYSES there during accident recovery and post accident operations.

The CREVS acts to terminate the supply of unfiltered outside air to the
control room, initiate filtration, and pressurize the control room. These
actions are necessary to ensure the control room is kept habitable for the
operators stationed there during accident recovery and post accident
operations by minimizing the radiation exposure of control room
personnel.

In MODES 1, 2, 3 and 4, the radiation monitor actuation of the CREVS is
a backup for the Phase A Isolation signal actuation. This ensures
initiation of the CREVS during a loss of coolant accident or steam
generator tube rupture.

, main steamline break, rod ejection
with releases into containment,
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CREVS Actuation Instrumentation
B 3.3.7

BASES

APPLICABLE
SAFETY ANALYSES

During movcment of irradiated fuel ass~emblies, the radiation monGitor
•,,,,in o th ,,, RE,,S, K ,, hcL nimnr m,111,• to, nn".r ,ntrl room1•

(continued) habitability in the event of a fuel handling accident. No control room
habitability mitigation is required for the waste gas decay tank rupture

"locked RCP rotor, loss of accd

AC power, letdown line

break, and rod ejection T CREVS actuation instrumentation satisfies Criterion 3 of 10 CFR
with no release into 50.36(c)(2)(ii).
"containment (Ref. 2). In
addition, the fuel handling

accident analysis also The LCO requirements ensure that instrumentation necessary to initiate
does not require control the CREVS is OPERABLE.
room habitability mitigation

after a decay time of 76 1. Manual Initiation
hours (Ref. 2). The fuel

handling accident analysis

does not address fuel The LCO requires two channels OPERABLE. The operator can
movement prior to 76 initiate the CREVS at any time by using either of two push buttons
hours. in the control room. This action will cause actuation of all

components in the same manner as any of the automatic actuation
signals.

The LCO for Manual Initiation ensures the proper amount of
redundancy is maintained in the manual actuation circuitry to
ensure the operator has manual initiation capability.

Each channel consists of one push button and the interconnecting
wiring to the actuation logic cabinet.

2. Automatic Actuation Logic and Actuation Relays (BOP ESFAS)

The LCO requires two trains of Actuation Logic and Relays
OPERABLE to ensure that no single random failure can prevent
automatic actuation of a control room ventilation isolation signal
(CRVIS).

Automatic actuation logic and actuation relays consist of the same
features and operate in the same manner as described for BOP
ESFAS in the Bases Background for 3.3.2.
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CREVS Actuation Instrumentation
B 3.3.7

BASES

LCO
(continued)

3. Control Room Radiation

The LCO specifies two required Control Room Air Gaseous Intake
Radiation Monitors (GK RE-04 and -05) to ensure that the
radiation monitoring instrumentation necessary to initiate a CRIVS
remains OPERABLE.

For sampling systems, channel OPERABILITY involves more than
OPERABILITY of channel electronics. OPERABILITY also
requires correct valve lineups and sample pump operation, as well
as detector OPERABILITY, since these supporting features are
necessary for trip to occur under the conditions assumed by the
safety analyses.

4. Containment Isolation - Phase A

APPLICABILITY

Control Room Ventilation Isolation is also initiated by all Table
3.3.2-1 Functions that initiate Phase A. Therefore, the
requirements are not repeated in Table 3.3.7-1. Instead, refer to
LCO 3.3.2, Function 3.a, for all initiating Functions and

All bRy tuncit sp brtOnPERoEn MODES.1, 2, 3,tnd 4. The
Manualnidito Alloand resultin Lof actuActuation Rer ay (BOP
ESFAS) of Conthis deemiation isngeerallar adso ren uiredOPERABLE during moveen irradiated fuel assemblies

The most common cause of channel intperability is outright failure or drift
of the bistable or process module sufficient to exceed the tolerance
allowed by the unit specific calibration procedures. Typically, the drift is
found to be small and results in a delay of actuation rather than a total
loss of function. This determination is generally made during the
performance of a COT, when the process instrumentation is set up for
adjustment to bring it within specification. If the Trip Setpoint is less

conservative than the tolerance specified by the calibration procedure, the
channel must be declared inoperable immediately and the appropriate
Condition entered.

ACTIONS
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CREVS Actuation Instrumentation
B 3.3.7

BASES

ACTIONS E.1 -aRd-E2 recently

(continued)
Condition E applies when the Required A tion and sociated Completion
Time for Conditions A, B or C have not be met whe irradiated fuel
assemblies are being moved. Movement o rradiated fuel assemblies
-Ad CORE ALTER,,ATIONS must be suspended immediately to reduce the
risk of accidents that would require CREVS actuation. This does not
preclude movement of a component to a safe position.

SURVEILLANCE A Note has been added to the SR Table to clarify that Table 3.3.7-1
REQUIREMENTS determines which SRs apply to which CREVS Actuation Functions.

SR 3.3.7.1

Performance of the CHANNEL CHECK once every 12 hours ensures that
a gross failure of instrumentation has not occurred. A CHANNEL CHECK
is normally a comparison of the parameter indicated on one channel to a
similar parameter on other channels. It is based on the assumption that
instrument channels monitoring the same parameter should read
approximately the same value. Significant deviations between the two
instrument channels could be an indication of excessive instrument drift in
one of the channels or of something even more serious. A CHANNEL
CHECK will detect gross channel failure; thus, it is key to verifying the
instrumentation continues to operate properly between each CHANNEL
CALIBRATION.

Agreement criteria are determined by the unit staff, based on a
combination of the channel instrument uncertainties, including indication
and readability. If a channel is outside the criteria, it may be an indication
that the sensor or the signal processing equipment has drifted outside its
limit.

The Frequency is based on operating experience that demonstrates
channel failure is rare. The CHANNEL CHECK supplements less formal,
but more frequent, checks of channels during normal operational use of
the displays associated with the LCO required channels.

SR 3.3.7.2

A COT is performed once every 92 days on each required channel to
ensure the entire channel will perform the intended function. This test

I ,
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B 3.3.7

BASES

REFERENCES 1. USAR Section 7.3.4 and Table 7.3-8.
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EES Actuation Instrumentation
B 3.3.8

B 3.3 INSTRUMENTATION

B 3.3.8 Emergency Exhaust System (EES) Actuation Instrumentation

BASESinvovig handling recently irradiated fuel

BASES

BACKGROUND The EES ensures that radioactive materials in/he fuel building
atmosphere following a fuel handling accident 'are filtered and absorbed
prior to exhausting to the environment. The EES is described in the
Bases for LCO 3.7.13, "Emergency Exhaust System." The system
initiates filtered exhaust from the fuel building following receipt of a fuel
building ventilation isolation signal (FBVIS), initiated manually or
automatically upon a high radiation signal (gaseous). Initiation may also
be performed manually as needed from the main control room and the
fuel building.

High gaseous radiation, monitored by two monitors (GGRE-27 and 28),
provides a FBVIS. Both EES trains are initiated by high radiation
detected by either channel. Each channel contains a gaseous monitor.
High radiation detected by either monitor initiates fuel building isolation
and starts the EES in the FBVIS mode of operation. These actions
function to prevent exfiltration of contaminated air by initiating filtered
exhaust, which imposes a negative pressure on the fuel building. Since
the radiation monitors include an air sampling system, various
components such as sample line valves, sample line heaters, and sample
pumps are required to support monitor OPERABILITY.

APPLICABLE
SAFETY ANALYSES

The EES ensures that radioactive materials in the fuel building
atmosphere following a fuel handling accident are filtered and absorbed
prior to being exhausted to the environment. This action reduces the
radioactive content in the fuel building exhaust following a fuel handling
accident so that offsite doses remain well within the limits specified in
10 CFR 4-00 (Ref. 1).

150.671
The EE actuation instrum tation satisfies Criterion 3 of
10 CFR 50.36(c)(2)(ii).

LCO The LCO requirements ensure that* strumentation necessary to initiate
the EES is OPERABLE.

However, the fuel handling accident
analysis does not credit the EES as
the dose limits are met without EES

actuation after 76 hours decay time
(Ref. 4). The fuel handling accident

analysis does not address fuel
movement prior to 76 hours.
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EES Actuation Instrumentation
B 3.3.8

BASES Thoe invedauolvigmandlin recnlye iraitenul

APPLICABILITY Thala uoai ESiiition mustu~ be OPERABLuEethenEE

moving irra *ated fuel assemblies in the fuel building, to ensure the EES
Due to radioactive decay, operates t r yve ission products associated with a fuel handling
the EES Actuation Idn
Instrumentation 

is only

required to be OPERABLE Highradiati
during fuel handling i ur e
involing fulhandling reetymovement o rrad iated fuel assemblies in the fuel bui ing to ensure involvinginvolving handling recently

critical reactor core within
the previous 76 hours). While in any MODE without fuel handling tion r ess, th e EES

instrumentation need not be OPERABLE since a fuel handling accident
cannot occur.

ACTIONS The most common cause of channel inoperability is the failure or drift of
the bistable or process module sufficient to exceed the tolerance allowed
by unit specific calibration procedures. Typically, the drift is found to be
small and results in a delay of actuation rather than a total loss of function.
This determination is generally made during the performance of a COT,
when the process instrumentation is set up for adjustment to bring it within
specification. If the Trip Setpoint is less conservative than the tolerance
specified by the calibration procedure, the channel must be declared
inoperable immediately and the appropriate Condition entered.

LCO 3.0.3 is not applicable while in MODE 5 or 6. However, nce
irradiated fuel assembly movement can occur in MODE 1, , 3, or 4, the

recently ACTIONS have been modified by a Note stating that L 3.0.3 is not
E•r~applicable. If movin Irradiated fuel assemblies whil in MODE 5 or 6,

LCO 3.0.3 would not specify any action. If moving radiated fuel
assemblies while in MODE 1, 2, 3, or 4, the fuel movement is independent
of reactor operations. Entering LCO 3.0.3, while in MODE 1, 2, 3, or 4
would require the unit to be shutdown unnecessarily.

A second Note has been added to the ACTIONS to clarify the application
of Completion Time rules. The Conditions of this Specification may be
entered independently for each Function listed in Table 3.3.8-1 in the
accompanying LCO. The Completion Time(s) of the inoperable
channel(s)/train(s) of a Function will be tracked separately for each
Function starting from the time the Condition was entered for that
Function.

Placing a EES train(s) in the FBVIS mode of operation isolates normal air
discharge from the fuel building and initiates filtered exhaust, imposing a
negative pressure on the fuel building. Further discussion of the FBVIS
mode of operation may be found in the Bases for LCO 3.7.13,
"Emergency Exhaust System," and in Reference 3.
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EES Actuation Instrumentation
B 3.3.8

BASES

ACTIONS C. 1.1, C. 1.2, and C.2 (continued)

Alternatively, both trains may be place in the FBVIS mode within 1 hour.
This ensures the EES function is performed even in the presence of a
single failure.

1 recently
D._1

Condition D applies when the Required Action and asocia d Completion
Time for Conditions A, B, or C have not been met and irradia d fuel
assemblies are being moved in the fuel building. Movement o irradiated
fuel assemblies in the fuel building must be suspended immediately to
eliminate the potential for events that could require EES actuation. This
does not preclude movement of a fuel assembly to a safe position.

SURVEILLANCE A Note has been added to the SR Table to clarify that Table 3.3.8-1
REQUIREMENTS determines which SRs apply to which EES Actuation Functions.

SR 3.3.8.1

Performance of the CHANNEL CHECK once every 12 hours ensures that
a gross failure of instrumentation has not occurred. A CHANNEL CHECK
is normally a comparison of the parameter indicated on one channel to a
similar parameter on other channels. It is based on the assumption that
instrument channels monitoring the same parameter should read
approximately the same value. Significant deviations between the two
instrument channels could be an indication of excessive instrument drift in
one of the channels or of something even more serious. A CHANNEL
CHECK will detect gross channel failure; thus, it is key to verifying the
instrumentation continues to operate properly between each CHANNEL
CALIBRATION.

Agreement criteria are determined by the unit staff, based on a
combination of the channel instrument uncertainties, including indication
and readability. If a channel is outside the criteria, it may be an indication
that the sensor or the signal processing equipment has drifted outside its
limit.

The Frequency is based on operating experience that demonstrates
channel failure is rare. The CHANNEL CHECK supplements less formal,
but more frequent, checks of channels during normal operational use of
the displays associated with the LCO required channels.
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EES Actuation Instrumentation
B 3.3.8

BASES

SURVEILLANCE SR 3.3.8.5
REQUIREMENTS

(continued) A CHANNEL CALIBRATION is performed every 18 months, or
approximately at every refueling. CHANNEL CALIBRATION is a
complete check of the instrument loop, including the sensor. The test
verifies that the channel responds to a measure parameter within the
necessary range and accuracy. The Frequency is based on operating
experience and is consistent with the typical industry refueling cycle.

REFERENCES 1. 10 CFR 4-o04-.F50.67

2. Calculation J-G-SA02.

3. USAR Section 7.3.3 and Table 7.3-5.

6 4. USAR Section 15.7.4,
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RCS Operational LEAKAGE
B 3.4.13

BASES

APPLICABLE
SAFETY ANALYSES

Except for primary to secondary LEAKAGE, the safety analyses do not
address RCS operational LEAKAGE. However, the other forms of
operational LEAKAGE are related to the safety analyses for LOCA; the
amount of leakage can affect the probability of such an event. The safety
analyses for events resulting in steam discharge to the atmosphere
assume that primary to secondary LEAKAGE from all steam generators
(SGs) is one gallon per minute or iRG...... to ono gallon por minut- as a
result of accident induced conditions. The LCO requirement to limit
primary to secondary LEAKAGE through any one SG to less than or equal
to 150 gallons per day is significantly less than the conditions assumed in
the safety analysis.

Primary to secondary LEAKAGE is a factor in the dose releases outside
containment resulting from a steam line break (SLB) accident. Other
accidents or transients involving secondary steam release to the
atmosphere, include the steam generator tube rupture (SGTR). The
leakage contaminates the secondary fluid. some of

The USAR (Ref. 3) analysis for SGTR assumes tle contaminated
secondary fluid is released via atmospheric relief valves.

involving secondary The safety analysis for the SLB accident assumes the entire 1 gpmr
steam release to p-----primary to secondary LEAKAGE is through the affected generator as an
the atmosphere i n-d-ion. The dose consequences resulting from the SLB and

SGT-R acciden* are well within the limits defined in 10 CFR R 5)
(ic, mall fraction of these limits). 7~~L

The safety analysis for RCS main loop piping for GDC-4 (Ref. 1) assumes
1 gpm unidentified leakage and monitoring per Regulatory Guide 1.45
(Ref. 2) are maintained (Ref. 4). land meet the

The RCS operational LEAKAGE satisfies Criterion 2 of 10 CFR
50.36(c)(2)(ii).

appropriate
acceptance
criteria in the
Standard
Review Plan
(Ref. 8).

LCO RCS operational LEAKAGE shall be limited to:

a. Pressure Boundary LEAKAGE

No pressure boundary LEAKAGE is allowed, being indicative of
material deterioration. LEAKAGE of this type is unacceptable as
the leak itself could cause further deterioration, resulting in higher
LEAKAGE. Violation of this LCO could result in continued
degradation of the RCPB. LEAKAGE past seals and gaskets is not
pressure boundary LEAKAGE.

Wolf Creek - Unit 1 B 3.4.13-2 Revision 29



RCS Operational LEAKAGE
B 3.4.13

BASES

SURVEILLANCE SR 3.4.13.2 (continued)
REQUIREMENTS

secondary LEAKAGE limit ensures that the operational LEAKAGE
performance criterion in the Steam Generator Program is met. If this SR
is not met, compliance with LCO 3.4.17, "Steam Generator Tube
Integrity," should be evaluated. The 150 gallons per day limit is measured
at room temperature as described in Reference 7. The operational
LEAKAGE rate limit applies to LEAKAGE through any one SG. If it is not
practical to assign the LEAKAGE to an individual SG, all the primary to
secondary LEAKAGE should be conservatively assumed to be from one
SG.The Surveillance is modified by a Note which states that the
Surveillance is not required to be performed until 12 hours after
establishment of steady state operation. For RCS primary to secondary
LEAKAGE determination, steady state is defined as stable RCS pressure,
temperature, power level, pressurizer and makeup tank levels, makeup
and letdown, and RCP seal injection and return flows.

The Surveillance Frequency of 72 hours is a reasonable interval to trend
primary to secondary LEAKAGE and recognizes the importance of early
leakage detection in the prevention of accidents. The primary to
secondary LEAKAGE is determined using continuous process radiation
monitors or radiochemical grab sampling in accordance with the EPRI
guidelines (Ref. 7).

REFERENCES 1. 10 CFR 50, Appendix A, GDC 4 and 30.

2. Regulatory Guide 1.45, May 1973.

3. USAR, Soction 15.6.3. Chapter 15.

4. NUREG-1061, Volume 3, November 1984.

5. 10 CFR 4-.0 50.67

6. NEI 97-06, "Steam Generator Guidelines."

7. EPRI, "Pressurized Water Reactor Primary-to-Secondary Leak
Guidelines."

18. Standard Review Plan (SRP), Section 15.0.1.1
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RCS Specific Activity
B 3.4.16

B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.16 RCS Specific Activity

BASES

BACKGROUND The maximum dose te the whole 4-d --d ,k th,,, that an individual at
the exclusion area boundary can receive fors hour following an accident,
or at the low population zone outer boundary for the radiological release
duration, is specified . (Ref. 1). Doses to control room

150.67 --must be limited per GDC 19. The limits on specific activity
ensure that the offsite and control room doses are appropriately limited
during analyzed transients and accidents.

The RCS specific activity LCO limits the allowable concentration level of
radionuclides in the reactor coolant. The LCO limits are established to
minimize the dose consequences in the event of a steam line break (SLB)
or steam generator tube rupture (SGTR) accident.

The LCO contains specific activity limits for both DOSE EQUIVALENT
1-131 and DOSE EQUIVALENT XE-133. The allowable levels are
intended to ensure that offsite and control room doses meet the
appropriate acceptance criteria in the Standard Review Plan (Ref. 2).

APPLICABLE The LCO limits on the specific activity of the reactor coolant ensure that
SAFETY ANALYSES the resulting offsite and control room doses meet the appropriate

Standard Review Plan acceptance criteria following a SLB or SGTR
accident. The safety analyses (Refs. 3 and 4) assume the specific activity
of the reactor coolant is at or more conservative than the LCO limits, and
aR exeitkig reactor coolant steam generator (SG) tube leakage rate of 1
gpm exi#. The safety analyses assume the specific activity of the

or results from ndary coolant is at its limit of 0. 1 pCi/gm DOSE EQUIVALENT 1-131

accident induced from LCO 3.7.18, "Secondary Specific Activity."

conditions The analysis for the SLB and SGTR accidents establish the acceptance I
limits for RCS specific activity. Reference to these analyses is used to
assess changes to the unit that could affect RCS specific activity, as they for SLB
relate to the acceptance limits. and

335 for
The analyses consider two cases of reactor coolant specific activity. On"SGTR
case assumes specific activity at 1.0 g.Ci/gm DOSE EQUIVALENT I-1 '
with a concurrent large iodine spike that increases, by a factor of 500, the
rate of release of iodine from the fuel rods containing cladding defects to
the primary coolant immediately after a SLB or SGTR, FespectP9 vey. The
second case assumes the initial reactor coolant iodine activity at
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RCS Specific Activity
B 3.4.16

BASES

APPLICABLE
SAFETY ANALYSES

(continued)

60 ýtCi/gm DOSE EQUIVALENT 1-131 due to a pre-accident iodine spike
caused by an RCS transient. In both cases, the noble gas specific activity
is assumed to be equal to or greater than 500 pCi/gm DOSE an Overtemperature
EQUIVALENT XE-133. AT signal

The SGTR analysis also assumes a loss of offsite power the same time
as the reactor trip. The SGTR causes a reduction in r ctor coolant
inventory. The reduction initiates a reactor trip from rc-P'urFzer
pressuro signal in the analysis of an SGT-R with a faio~d atmosphoric reliot
valvo on the faultod steam genReator. lIn the analysis of an SGTR with a
failed AF=W flow control va lvc On the faulted steam genreator, reactorF trip
and cafoty injection aro assumed to occur at the time of the tube rupturoe
to mnaximizo the petcnitial fo~r ovorfilling tho rupturod steam gonreator.

The loss of offsite power causes the steam dump valves to close to
protect the condenser. The rise in pressure in the ruptured SG
discharges radioactively contaminated steam to the atmosphere through
the SG atmospheric relief valves. The unaffected SGs remove core
decay heat by venting steam to the atmosphere until the cooldown ends
and the Residual Heat Removal (RHR) System is placed into service.

The SLB radiological analysis assumes that offsite power is lost at the
same time as the pipe break occurs outside containment. Reactor trip
occurs after the generation of an SI signal on low steamline pressure.
The affected SG blows down completely and steam is vented directly to
the atmosphere. The unaffected SGs remove core decay heat by venting
steam to the atmosphere until the cooldown ends and the RHR System is
placed in service.

Operation with iodine specific activity levels greater than the LCO limit is
permissible if the activity levels do not exceed 60 pCi/gm for more than 48
hours.

The limits on RCS specific activity are also used for establishing
standardization in radiation shielding and plant personnel radiation
protection practices.

RCS specific activity satisfies Criterion 2 of 10 CFR 50.36(c)(2)(ii).
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RCS Specific Activity
B 3.4.16

BASES

SURVEILLANCE
REQUIREMENTS

SR 3.4.16.1 (continued)

The Note modifies this SR to allow entry into and operating in MODE 4,
MODE 3, and MODE 2 prior to performing the SR. This allows the
Surveillance to be performed in those MODES, prior to entering MODE 1.

SR 3.4.16.2

This Surveillance is performed to ensure iodine specific activity remains
within the LCO limit during normal operation and following fast power
changes when iodine spiking is more apt to occur. The 14 day Frequency
is adequate to trend changes in the iodine activity level, considering noble
gas activity is monitored every 7 days. The Frequency, between 2 and
6 hours after a power change >_ 15% RTP within a 1 hour period, is
established because the iodine levels peak during this time following
iodine spiking information; samples at other times would provide
inaccurate results.

The Note modifies this SR to allow entry into and operation in MODE 4,
MODE 3, and MODE 2 prior to performing the SR. This allows the
Surveillance to be performed in those MODES, prior to entering MODE 1.

REFERENCES 1. 10 CFR !00.!!, 0197-3.F50.677]

2. Standard Review Plan (SRP), Section 15. 1.5 Appcndix A (SLB') and
Soction 15.6.3 (SGT.R). /..0.1.

3. USAR Section 15.1.5.

4. USAR, Section 15.6.3.
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SG Tube Integrity
B 3.4.17

from all SGs
of 1 gpm,BASES

APPLICABLE
SAFETY
ANALYSES

The steam generator tube rupture (SGTR ccident is the limiting design
basis event for SG tubes and avoiding SGTR is the basis for this
Specification. The analysis of an SG event assumes a bounding
primary to secondary LEAKAGE rate oqual to the operational LEAKAGE
rate limits in LCO 3.4.13, "RCS Ope•ational LEAKAGE," plus the leakage
rate associated with a double-ended rupture of a single tube. The
accident analysis for an SGTR assumes the contaminated secondary fluid
is released to the atmosphere via SG atrspheric relief valves and safety
valves. some of

The analysis for design basis accidents and transients other than an
SGTR assume the SG tubes retain their structural integrity (i.e., they are
assumed not to rupture.) In these analyses, the steam discharge to the
atmosphere is based on the total primary to secondary LEAKAGE from all
SGs of 1 gallon per minute or is assumed to increase to 1 gallonp4, r
mi*ute as a result of accident induced conditions. For accidents that do
not involve fuel damage, the primary coolant activity level of DOSE
EQUIVALENT 1-131 is assumed to be equal to the LCO 3.4.16, "RCS
Specific Activity," limits. For accidents that assume fuel damage, the
primary coolant activity is a function of the amount of activity released
from the damaged fuel. The dose consequences of these events are
within the limits of GDC 19 (Ref. 2), 10 CFR 4-• ef. 3) ih I
a""rf'-ed lieensing basiG (eg. a G Fmal fract'.-.-ne ,-h-e !I•J''-

Steam generator tube integrity satisfies Criterion 2\of 10 CFR
50.36(c)(2)(ii). 50.67FC

and meet the
appropriate
acceptance
,riteria in the

Standard
Review Plan
Ref. 8).

LCO The LCO requires that SG tube integrity be maintained. The LCO also
requires that all SG tubes that satisfy the plugging criteria be plugged in
accordance with the Steam Generator Program.

F

During a SG inspection, any inspected tube that satisfies the Steam
Generator Program plugging criteria is removed from service by plugging.
If a tube was determined to satisfy the plugging criteria but was not

plugged, the tube may still have tube integrity.

In the context of this Specification, a SG tube is defined as the entire
length of the tube, including the tube wall, between the tube-to-tubesheet
weld at the tube inlet and the tube-to-tubesheet weld at the tube outlet.
For Refueling Outage 18 and the subsequent operating cycle, a one-time
alternate plugging criterion for the portion of the tube below 15.2 inches
from the top of the tubesheet is specified in TS 5.5.9c.1. (Ref. 7) The
tube-to-tubesheet weld is not considered part of the tube.
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SG Tube Integrity
B 3.4.17

BASES

LCO
(continued)

The accident induced leakage performance criterion ensures that the Itotal to all SGs
primary to secondary LEAKAGE caused by a design basis accident, other
than a SGTR, is within the accident analysis assumptions. The accident
analysis assumes that accident induced leakage does not exceed 1 gp
p•,--G. The accident induced leakage rate includes any primary to
secondary LEAKAGE existing prior to the accident in addition to primary
to secondary LEAKAGE induced during the accident.

The operational LEAKAGE performance criterion provides an observable
indication of SG tube conditions during plant operation. The limit on
operational LEAKAGE is contained in LCO 3.4.13, "RCS Operational
LEAKAGE," and limits primary to secondary LEAKAGE through any one
SG to 150 gallons per day. This limit is based on the assumption that a
single crack leaking this amount would not propagate to an SGTR under
the stress conditions of a LOCA or a main steam line break. If this
amount of LEAKAGE is due to more than one crack, the cracks are very
small, and the above assumption is conservative.

APPLICABILITY Steam generator tube integrity is challenged when the pressure
differential across the tubes is large. Large differential pressures across
SG tubes can only be experienced in MODE 1, 2, 3, or 4.

RCS conditions are far less challenging in MODES 5 and 6 than during
MODES 1, 2, 3, and 4. In MODES 5 and 6, primary to secondary
differential pressure is low, resulting in lower stresses and reduced
potential for LEAKAGE.

ACTIONS The ACTIONS are modified by a Note clarifying that the Conditions may
be entered independently for each SG tube. This is acceptable because
the Required Actions provide appropriate compensatory actions for each
affected SG tube. Complying with the Required Actions may allow for
continued operation, and subsequent affected SG tubes are governed by
subsequent Condition entry and application of associated Required
Actions.

A.1 and A.2

Condition A applies if it is discovered that one or more SG tubes
examined in an inservice inspection satisfy the tube plugging criteria but
were not plugged in accordance with the Steam Generator Program as
required by SR 3.4.17.2. An evaluation of SG tube integrity of the
affected tube(s) must be made. Steam generator tube integrity is
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SG Tube Integrity
B 3.4.17

BASES

SURVEILLANCE SR 3.4.17.2 (continued)
REQUIREMENTS

The Frequency of prior to entering MODE 4 following a SG inspection
ensures that the Surveillance has been completed and all tubes meeting
the plugging criteria are plugged prior to subjecting the SG tubes to
significant primary to secondary pressure differential.

REFERENCES 1. NEI 97-06, "Steam Generator Program Guidelines."

2. 10 CFR 50 Appendix A, GDC 19.

3. 10 CFR 1-00. 50.67

4. ASME Boiler and Pressure Vessel Code, Section III, Subsection
NB.

5. Draft Regulatory Guide 1.121, "Basis for Plugging Degraded Steam
Generator Tubes," August 1976.

6. EPRI, "Pressurized Water Reactor Steam Generator Examination
Guidelines."

7. License Amendment No. 186, October 19, 2009.

ý8 Standard Review Plan (SRP), Section 15.0.1.1
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Containment
B 3.6.1

BASES

BACKGROUND 2. closed by manual valves, blind flanges, or de-activated
(continued) automatic valves secured in their closed positions, except as

provided in LCO 3.6.3, "Containment Isolation Valves"

b. Each air lock is OPERABLE, except as provided in LCO 3.6.2,

"Containment Air Locks";

c. All equipment hatches are closed and sealed; and

d. The sealing mechanism associated with a penetration (e.g. welds,
bellows, or O-rings) is OPERABLE.

APPLICABLE The safety design basis for the containment is that the containment must
SAFETY ANALYSES withstand the pressures and temperatures of the limiting DBA without

exceeding the design leakage rate.

The DBAs that result in a challenge to containment OPERABILITY from
high pressures and temperatures are a loss of coolant accident (LOCA)
and a steam line break (Ref. 2). In addition, release of significant fission
product radioactivity within containment can occur from a LOCA or Rod
Ejection Accident (REA). In the DBA analyses, it is assumed that the
containment is OPERABLE such that, for the DBAs involving release of
fission product radioactivity, release to the environment is controlled by
the rate of containment leakage. The containment was designed with an
allowable leakage rate of 0.20% of containment air weight per day for the

land control room hours and 0.10% thereafter (Ref. 3). This leakage rate, used to
evaluate o1T§*tdoses resulting from accidents, is defined in 10 CFR 50,
Appendix J, Option B (Ref. 1), as La: the maximum allowable containment
leakage rate at the calculated peak containment internal pressure (Pa)
resulting from the limiting design bases LOCA. The allowable leakage
rate represented by La forms the basis for the acceptance criteria imposed
on all containment leakage rate testing. La is assumed to be 0.20% of
containment air weight per day in the safety analysis at Pa = 48 psig
(Ref. 3).

Satisfactory leakage rate test results are a requirement for the
establishment of containment OPERABILITY.

The containment satisfies Criterion 3 of 10 CFR 50.36(c)(2)(ii).

LCO Containment OPERABILITY is maintained by limiting leakage to < 1.0 La,
except prior to the first startup after performing a required Containment
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Containment Air Locks
B 3.6.2

B 3.6 CONTAINMENT SYSTEMS

B 3.6.2 Containment Air Locks

BASES

BACKGROUND Containment air locks form part of the containment pressure boundary
and provide a means for personnel access during all MODES of
operation.

The personnel air lock is nominally a right circular cylinder, approximately
10 ft in diameter, with a door at each end. The emergency air lock is
approximately 5 ft inside diameter with a 2 ft 6 inch door at each end. On
both air locks, doors are interlocked to prevent simultaneous opening.
During periods when containment is not required to be OPERABLE, the
door interlock mechanism may be disabled, allowing both doors of an air
lock to remain open for extended periods when frequent containment
entry is necessary. Each air lock door has been designed and tested to
certify its ability to withstand a pressure in excess of the maximum
expected pressure following a Design Basis Accident (DBA) in
containment. As such, closure of a single door supports containment
OPERABILITY. Each of the doors contains double gasketed seals and
local leakage rate testing capability to ensure pressure integrity. To effect
a leak tight seal, the air lock design uses pressure seated doors (i.e., an
increase in containment internal pressure results in increased sealing
force on each door).

Each air lock is provided with limit switches on both doors that provide
local indication of door position.

APPLICABLE
SAFETY ANALYSES

The containment air locks form part of the containment pressure
boundary. As such, air lock integrity and leak tightness is essential for
maintaining the containment leakage rate within limit in the event of a
DBA. Not maintaining air lock integrity or leak tightness may result in a
leakage rate in excess of that assumed in the safety analyses.

Sr • j-•7I a1re-• and rod ejection accident

The DB a'h t r'sults in a release of radi /ctive material within

containment a loss of coolant accident (Ref. 2). In the analysis of this
accident, it is assumed that containment is OPERABLE such that release
of fission products to the environment is controlled by the rate of
containment leakage. The containment was designed with an allowable
leakage rate of 0.20% of containment air weight per day (Ref. 2). This
leakage rate is defined in 10 CFR 50, Appendix J, Option B, (Ref. 1), as
La = 0.20% of containment air weight per day, the maximum allowable
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Containment Isolation Valves
B 3.6.3

BASES

BACKGROUND
(continued)

within containment prior to and during personnel access. The supply and
exhaust lines each contain two isolation valves. Because of their large
size, the 36 inch containment purge supply and exhaust valves are not
qualified for automatic closure from their open position under DBA
conditions. Therefore, the 36 inch containment purge supply and exhaust
isolation valves are normally maintained closed and blind flange installed
or sealed closed in MODES 1, 2, 3, and 4 to ensure the containment
boundary is maintained.

Mini-Purge System (18 inch purge valves)

The Mini-purge System operates to:

a. Reduce the concentration of noble gases within containment prior
to and during personnel access, and

b. Equalize containment internal and external pressures.

Since the 18 inch valves used in the Mini-purge System are designed to
meet the requirements for automatic containment isolation valves, these
valves may be opened as needed, for a limited time as specified in
procedures, in MODES 1, 2, 3, and 4.

APPLICABLE
SAFETY ANALYSES

The containment isolation valve LCO was derived from the assumptions
related to minimizing the loss of reactor coolant inventory and establishing
the containment boundary during major accidents. As part of the
containment boundary, containment isolation valve OPERABILITY
supports leak tightness of the containment. Therefore, the safety
analyses of any event requiring isolation of containment is applicable to
this LCO.

The DBAs that result in a release of radioactive material within
containment are a loss of coolant accident (LOCA) and a rod ejection
accident (Ref. 1). In the analyses for each of these accidents, it is
assumed that containment isolation valves are either closed or function to
close within the required isolation time following event initiation. This
ensures that potential paths to the environment through containment
isolation valves (including containment purge valves) are minimized. The
safety analyses assume that the 36 inch shutdown purge valves are
closed at event initiation.

The DBA analysis assumes that, within 60 secends after the accident,
isolation of the containment is complete and leakage terminated except
for the design leakage rate, La. The contai n ment isolation total -- sp. e
time of 60 seconds incluides signal dlelay, dicScl gcnreatr startup (f9rF lss
of effsite power), and containment isolation valve Stroke times.
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Containment Isolation Valves
B 3.6.3

BASES and rod ejection J

APPLICABLE The LOCA offsite dose analysis assumes leakage from the containment
SAFETY ANALYSES at a maximum leak rate of 0.20 percent of the containment volume per

(continued) day for the first 24 hours, and at 0.10 percent of the containment volume
per day for the duration of the accident.

The single failure criterion required to be imposed in the conduct of plant
safety analyses was considered in the original design of the 18 inch
containment mini-purge valves. Two valves in series on each purge line
provide assurance that both the supply and exhaust lines could be
isolated even if a single failure occurred. The inboard and outboard
isolation valves on each line are provided with independent electrical
power sources to solenoids that open the pneumatically operated spring
closed actuators. The actuators fail closed on the loss of power or air.
This arrangement was designed to preclude common mode failures from
disabling both valves on a purge line.

The 36 inch purge valves may be unable to close against the buildup of
pressure following a LOCA. Therefore, each of the purge valves is
required to remain sealed closed or closed and blind flange installed
during MODES 1, 2, 3, and 4. The Containment Shutdown Purge System
valve design precludes a single failure from compromising the
containment boundary as long as the system is operated in accordance
with the subject LCO.

The containment isolation valves satisfy Criterion 3 of 10 CFR
50.36(c)(2)(ii).

LCO Containment isolation valves form a part of the containment boundary.
The containment isolation valves' safety function is related to minimizing
the loss of reactor coolant inventory and establishing the containment
boundary during a DBA.

The automatic power operated isolation valves are required to have
isolation times within limits and to actuate on an automatic isolation signal.
The 36 inch containment purge supply and exhaust valves must be
maintained sealed closed or closed and blind flange installed. The valves
covered by this LCO are listed along with their associated stroke times in
the USAR (Ref. 2).

The normally closed containment isolation valves are considered
OPERABLE when manual valves are closed, automatic valves are de-
activated and secured in their closed position, blind flanges are in place,
and closed systems are intact. These passive isolation valves/devices
are those listed in Reference 2.
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B 3.6 CONTAINMENT SYSTEMS

B 3.6.6 Containment Spray and Cooling Systems

BASES

fissionproductI

BACKGROUND The Containment Spray and Containm g4 t Cooling system provides
containment atmosphere cooling to li nit post accident pressure and
temperature in containment to less tl n the design values. Reduction of
containment pressure and the iedine removal capability of the spray
reduces the release of fission product radioactivity from containment to
the environment, in the event of a Design Basis Accident (DBA), to within
limits. The Containment Spray and Containment Cooling system is
designed to meet the requirements of 10 CFR 50, Appendix A, GDC 38,
"Containment Heat Removal," GDC 39, "Inspection of Containment Heat
Removal Systems," GDC 40, "Testing of Containment Heat Removal
Systems," GDC 41, "Containment Atmosphere Cleanup," GDC 42,
"Inspection of Containment Atmosphere Cleanup Systems," and GDC 43,
"Testing of Containment Atmosphere Cleanup Systems," and GDC 50,
"Containment Design Bases" (Ref. 1).

The Containment Cooling System and Containment Spray System are
Engineered Safety Feature (ESF) systems. They are designed to ensure
that the heat removal capability required during the post accident period
can be attained. The Containment Spray System and the Containment
Cooling System provides a redundant method to limit and maintain post
accident conditions to less than the containment design values.

Containment Spray System

The Containment Spray System consists of two separate trains of equal
capacity, each capable of meeting the design bases. Each train includes
a containment spray pump, spray headers, nozzles, valves, and piping.
Each train is powered from a separate ESF bus. The refueling water
storage tank (RWST) supplies borated water to the Containment Spray
System during the injection phase of operation. In the recirculation mode
of operation, containment spray pump suction is transferred from the
RWST to the containment recirculation sumps.

The Containment Spray System provides a spray of borated water mixed
with sodium hydroxide (NaOH) from the Spray Additive System into the
upper regions of containment to reduce the containment pressure and
temperature and to reduce fission products from the containment
atmosphere during a DBA. The RWST solution temperature is an
important factor in determining the heat removal capability of the
Containment Spray System during the injection phase. In the
recirculation mode of operation, heat is removed from the containment
recirculation sump water by the residual heat removal heat exchangers.
Each train of the Containment Spray System provides adequate spray
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Containment Spray and Cooling Systems
B 3.6.6

BASES

APPLICABLE The modeled Containment Spray System actuation from the containment
SAFETY ANALYSES analysis is based on a response time associated with exceeding the

(continued) containment High-3 pressure setpoint to achieving full flow through the
containment spray nozzles.

The Containment Spray System total response time includes diesel
generator (DG) startup (for loss of offsite power), sequenced loading of
equipment, containment spray pump startup, and spray line filling (Ref. 4).

Containment cooling train performance for post accident conditions is
given in Reference 4. The result of the analysis is that each train can
provide 100% of the required peak cooling capacity during the post
accident condition. The train post accident cooling capacity under varying
containment ambient conditions, required to perform the accident
analyses, is also shown in Reference 4.

The modeled Containment Cooling System actuation from the
containment analysis is based upon a response time associated with
receipt of an SI signal to achieving full Containment Cooling System air
and safety grade cooling water flow. The Containment Cooling System
total response time of 70 seconds, includes signal delay, DG startup (for
loss of offsite power), and Essential Service Water pump startup times
and line refill (Ref. 4).

The Containment Spray System and the Containment Cooling System
satisfies Criterion 3 of 10 CFR 50.36(c)(2)(ii).

LCO During a DBA, a minimum of one containment cooling train and one
containment spray train is required to maintain the containment peak
pressure and temperature below the design limits (Ref. 3). Additionally,
one containment spray train is also required to removied;ne from the

acontai am concentrations below those
products assumed in the safety analysis. With the Spray Additive System

rable, a containment spray train is still available and would remove
sorr-i• from the containment atmosphere in the event of a DBA. To
ensure that these requirements are met, two containment spray trains and
two containment cooling trains must be OPERABLE. Therefore, in the
event of an accident, at least one train in each system operates, assuming
the worst case single active failure occurs.

Each Containment Spray System typically includes a spray pump, spray
headers, eductor, nozzles, valves, piping, instruments, and controls to
ensure an OPERABLE flow path capable of taking suction from the
RWST upon an ESF actuation signal and manually transferring to the
containment sump.

A containment cooling train typically includes cooling coils, dampers, two
fans, instruments, and controls to ensure an OPERABLE flow path.
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Spray Additive System
B 3.6.7

BASES

APPLICABLE
SAFETY ANALYSES

The Spray Additive System is essential to the removal of airborne iodine
within containment following a DBA.< and the

retention of that
Following the assumed release of radioactive materials into containmentr

the containment is assumed to leak at its design value volume following iodine in the
the accident. The analysis assumes that 85% of the containment free containment
volume is covered by the spray (Ref. 1). sump

The DBA analysis credit for iodine removal by Containment Spray System
is taken, starting at time zere and continuing until a dcccntam•mA.tin
faetO cEf 100. Itwo minut Ifive hours.]I

The DBA analyses assume that one train of the Containment Spray
System/Spray Additive System is inoperable and that the entire spray
additive tank volume is added to the remaining Containment Spray
System flow path.

The Spray Additive System satisfies Criterion 3 of 10 CFR 50.36(c)(2)(ii).

LCO The Spray Additive System is necessary to reduce the release of
radioactive material to the environment in the event of a DBA. To be
considered OPERABLE, the volume and concentration of the spray
additive solution must be sufficient to provide NaOH injection into the
spray flow to raise the average long term containment sump solution pH
to a level conducive to iodine removal, .0. and retention
This pH range maximizes the effectiveness of the iodine removal
mechanism without introducing conditions that may induce caustic stress
corrosion cracking of mechanical system components.

The Spray Additive System typically includes a spray additive tank,
eductors, valves, instrumentation, and connected piping to ensure
OPERABLE flow paths. In addition, it is essential that valves in the Spray
Additive System flow paths are properly positioned and that automatic
valves are capable of activating to their correct positions.

APPLICABILITY In MODES 1, 2, 3, and 4, a DBA could cause a release of radioactive
material to containment requiring the operation of the Spray Additive
System. The Spray Additive System assists in reducing the iodine fission
product inventory prior to release to the environment.

In MODES 5 and 6, the probability and consequences of these events are
reduced due to the pressure and temperature limitations in these
MODES. Thus, the Spray Additive System is not required to be
OPERABLE in MODE 5 or 6.
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Spray Additive System
B 3.6.7

BASES

ACTIONS A. 1 fission

If the Spray Additive System is inoperable, it must be restored to 1products

OPERABLE within 72 hours. The pH adjustment of the Containrent
Spray System flow for corrosion protection and iodine removal
enhancement is reduced in this condition. The Containment ay
System would still be available and would remove some io in.from the
containment atmosphere in the event of a DBA. The 72 hour Completion
Time takes into account the redundant flow path capabilities and the low
probability of the worst case DBA occurring during this period.

B.1 and B.2

If the Spray Additive System 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 6 hours and to MODE 5 within
84 hours. The allowed Completion Time of 6 hours is reasonable, based
on operating experience, to reach MODE 3 from full power conditions in
an orderly manner and without challenging plant systems. The extended
interval to reach MODE 5 allows 48 hours for restoration of the Spray
Additive System in MODE 3 and 36 hours to reach MODE 5. This is
reasonable when considering the reduced pressure and temperature
conditions in MODE 3 for the release of radioactive material from the
Reactor Coolant System.

SURVEILLANCE SR 3.6.7.1
REQUIREMENTS

Verifying the correct alignment of Spray Additive System manual, power
operated, and automatic valves in the spray additive flow path provides
assurance that the system is able to provide additive to the Containment
Spray System in the event of a DBA. This SR does not apply to valves
that are locked, sealed, or otherwise secured in position, since these
valves were verified to be in the correct position prior to locking, sealing,
or securing. This SR does not apply to manual vent/drain valves, and to
valves that cannot be inadvertently misaligned such as check valves.
This SR does not require any testing or valve manipulation. Rather, it
involves verification, through a system walkdown (which may include the
use of local or remote indicators), that those valves outside containment
and capable of potentially being mispositioned are in the correct position.
The 31 day Frequency is based on engineering judgement, is consistent
with administrative controls governing valve operation, and ensures
correct valve positions.
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Spray Additive System
B 3.6.7

BASES

SURVEILLANCE
REQUIREMENTS

(continued)

SR 3.6.7.2 and retention

To provide effective iodine removal,4he containment spray must be an
alkaline solution. Since the RWST contents are normally acidic, the
volume of the spray additive tank must provide a sufficient volume of
spray additive to adjust pH for all water injected. This SR is performed to
verify the availability of sufficient NaOH solution in the Spray Additive
System. The spray additive tank site glass (ENLGO022) is utilized for
meeting the SR since the control room level indicators do not provide
conservative indication (Ref. 2). The 184 day Frequency was developed
based on the low probability of an undetected change in tank volume
occurring during the SR interval (the tank is isolated during normal unit
operations). (Ref. 3).

SR 3.6.7.3

This SR provides verification of the NaOH concentration in the spray
additive tank and is sufficient to ensure that the spray solution being
injected into containment is at the correct pH level. The 184 day
Frequency is sufficient to ensure that the concentration level of NaOH in
the spray additive tank remains within the established limits. This is
based on the low likelihood of an uncontrolled change in concentration
(the tank is normally isolated) and the probability that any substantial
variance in tank volume will be detected.

SR 3.6.7.4

This SR provides verification that each automatic valve in the Spray
Additive System flow path actuates to its correct position upon receipt of
an actual or simulated actuation of a containment High-3 pressure signal.
This Surveillance is not required for valves that are locked, sealed, or
otherwise secured in the required position under administrative controls.
The 18 month Frequency is based on the need to perform this
Surveillance under the conditions that apply during a plant outage and the
potential for an unplanned transient if the Surveillance were performed
with the reactor at power. Operating experience has shown that these
components usually pass the Surveillance when performed at the
18 month Frequency. Therefore, the Frequency was concluded to be
acceptable from a reliability standpoint.

SR 3.6.7.5

To ensure correct pH level is established in the borated water solution
provided by the Containment Spray System, the flow rate in the Spray
Additive System is verified once every 5 years. Flow of > 52 gpm through
the eductor test loops (supplied from the RWST) is throttled to 17 psig at
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MSIVs and MSIV Bypass Valves
B 3.7.2

BASES

LCO
(continued)

sources must be removed from the actuation solenoids on all four MSIVs
and a drain or vent path must be available from the lower piston chamber.
Note 2 allows one or more MSIV bypass valve to be inoperable when
closed and de-activated, closed and isolated by a closed manual valve, or
isolated by two closed manual valves. When one or more MSIV bypass
valves are closed and de-activated, closed and isolated by a closed
manual valve, or isolated by two closed manual valves, they are
performing their specified safety function. When the valve is de-activated,
power and air are removed from both actuation solenoid valves and the
valve is spring closed. Requiring the MSIV bypass valve to be closed and
isolated by a closed manual valve or isolated by two closed manual valves
also provides the dual assurance that the specified safety function is
being performed.

This LCO provides assurance that the MSIVs and MSIV bypass valves will
perform their design safety function to mitigate the consequences of
accidents that could result in offsite exposures comparable to the

5~-410 (Ref. 4) limits or the NRC staff approved licensing basis.

APPLICABILITY The MSIVs and MSIV bypass valves must be OPERABLE in MODE 1,
and in MODES 2 and 3 due to significant mass and energy in the RCS
and steam generators. When the MSIVs and MSIV bypass valves are
closed, they are already performing the safety function. The MSIV
actuator trains must be OPERABLE in MODES 1, 2, and 3 to support
operation of the MSIV.

In MODE 4, 5 or 6, the steam generator energy is low. Therefore, the
MSIVs and MSIV bypass valves are not required for isolation of potential
high energy secondary system pipe breaks in these MODES.

ACTIONS The LCO specifies OPERABILITY requirements for the MSIVs as well as
for their associated actuator trains. The Conditions and Required Actions
for TS 3.7.2 separately address inoperability of the MSIV actuator trains
and inoperability of the MSIVs themselves.

A.1

With a single actuator train inoperable on one MSIV, action must be taken
to restore the inoperable actuator train to OPERABLE status within 7
days. The 7-day Completion Time is reasonable in light of the dual-
redundant actuator train design such that with one actuator train
inoperable, the affected MSIV is still capable of closing on demand via the
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MSIVs and MSIV Bypass Valves
B 3.7.2

BASES

REFERENCES 1. USAR, Section 10.3.

2. USAR, Section 6.2.

3. USAR, Section 15.1.5.

4. 10 CFR 400.11.
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ARVs
B 3.7.4

BASES

APPLICABLE
SAFETY ANA

(continued)

In the accident analysis presented in Reference 2, the ARVs are assumed
•LYSES to be used by the operator to cool down the unit to RHR entry conditions

for accidents accompanied by a loss of offsite power. The main steam
safety valves (MSSVs) are assumed to operate automatically to relieve
steam and maintain the steam generator pressure below the design value.
For the recovery from a steam generator tube rupture (SGTR) event in
Reference 3, the operator is required to perform a RCS cooldown using

et-we intact steam generators to establish adequate subcooling as a
necessary step to terminate the primary to secondary break flow into the
ruptured steam generator. For SG oer.fill .es!. Ung fromA SGTR, R_ S
cooldown to RHR entry conditions using intact SC ARVs is nece.SSIry to
termFnate pffm•ary to secondary break flow. The time required to terminate
the primary to secondary break flow for an SGTR is more critical than the
time required to cool down to RHR conditions for this event and also for
other accidents. Thus, the SGTR is the limiting event for the ARVs. The
number of ARVs required to be OPERABLE to satisfy the SGTR accident
analysis requirements is four. if a single fai'Hi'e of onc occus and anothcr
is associated with the ruptured 9G, two AR~s would remain OPERABLE
for heat removal and RCS cooldown, as discussed in Reference 3.

The ARVs are equipped with block valves in the event an ARV spuriously
fails open or fails to close during use.

The ARVs satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii).

LCO Four ARV lines are required to be OPERABLE. One ARV line is required
from each of four steam generators to ensure that at least two ARV lines
are available to conduct a RCS cooldown following an SGTR, in which one
steam generator becomes unavailable due to a SGTR, accompanied by a
single, active failure of a second ARV line on an unaffected steam
generator. The block valves must be OPERABLE to isolate a failed open
ARV line.

Failure to meet the LCO can result in the inability to achieve subcooling,
consistent with the assumptions used in the steam generator tube rupture
analysis, to facilitate equalizing pressures between the Reactor Coolant
System and the ruptured steam generator. Failure to meet the LCO can
also impact the recoer.y capability f.lloWing a -SC, overfill s.enario.

An ARV is considered OPERABLE when it is capable of providing
controlled relief of the main steam flow and capable of fully opening and
closing on demand and not experiencing excessive seat leakage.
Excessive seat leakage, although not associated with a specific
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CREVS
B 3.7.10

BASES

BACKGROUND Outside air is filtered, diluted with air from the electrical equipment and
(continued) cable spreading rooms, and added to the air being recirculated from the

CRE. Pressurization of the CRE prevents infiltration of unfiltered air from
the surrounding areas of the building.

The air entering the CBE during normal operation is continuously
monitored by radiation and smoke detectors. A high radiation signal
initiates the CRVIS; the smoke detectors provide an alarm in the control
room. A CRVIS is initiated by the radiation monitors (GKRE0004 and
GKRE0005), fuel building ventilation isolation signal, containment isolation
phase A, containment atmosphere radiation monitors (GTRE0031 and
GTRE0032), containment purge exhaust radiation monitors (GTRE0022
and GTRE0033), or manually.

A single CREVS train operating in the CREVS alignment established by
surveillance procedures will pressurize the control room to >_ 0.25 inches
water gauge. The CREVS operation in maintaining the CRE habitable is
discussed in the USAR, Section 6.4 and 9.4 (Ref. 1).

Either of the pressurization and recirculation trains provide the required
filtration and pressurization to the CRE. Normally open isolation dampers
are arranged in series pairs so that the failure of one damper to shut will
not result in a breach of isolation. The CREVS is designed in accordance
with Seismic Category I requirements.

The CREVS is designed to maintain a habitable environment in the CRE
for 30 days of continuous occupancy after a Design Basis Accident (DBA)L Rf2
without exceeding a 5 rem ,.,h,,'-I body d, or itcs quivalont to an.y .a.. of
the-~e~ (aef[•). [total effective dose equivalent

By operation of the control room pressurization trains and the control room
filtration units, the CREVS pressurizes, recirculates and filters air within
the CRE as well as the CBE that generally surrounds the CRE. The
boundaries of these two distinct but related volumes are credited in the
analysis of record for limiting the inleakage of unfiltered outside air.

The station CRE design is unique. The Control Building by and large
surrounds the CRE. The Control Building is also designed to be at a
positive pressure with respect to its surrounding environment although not
positive with respect to the CRE. In the emergency pressurization and
filtration mode, the control room air volume receives air through a filtration
system that takes a suction on the Control Building. The Control Building
in turn receives filtered air from the outside environment.
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CREVS
B 3.7.10

BASES

BACKGROUND
(continued)

The CRE is the area within the confines of the CRE boundary that
contains the spaces that control room occupants inhabit to control the unit
during normal and accident conditions. This area encompasses the
control room, and may encompass other non-critical areas to which
frequent personnel access or continuous occupancy is not necessary in
the event of an accident. The CRE is protected during normal operation,
natural events, and accident conditions. The CRE boundary is the
combination of walls, floor, roof, ducting, doors, penetrations and
equipment that physically form the CRE. The CRE boundary must be
maintained to ensure that the inleakage of unfiltered air into the CRE will
not exceed the inleakage assumed in the licensing basis analysis of
design basis accident (DBA) consequences to CRE occupants. The CRE
and its boundary are defined in the Control Room Envelope Habitability
Program.

The CBE is an area that largely surrounds the CRE. Occupancy of the
CBE is not required to control the unit during normal and accident
conditions. The CBE boundary is the combination of walls, floor, roof,
ducting, doors, penetrations and equipment that physically form the CBE.
The CBE boundary must be maintained to ensure that the inleakage of
unfiltered air into the CBE will not exceed the inleakage assumed in the
licensing basis analysis of DBA consequences to CRE occupants. The
CBE and its boundary are defined in the Control Room Envelope
Habitability Program.

APPLICABLE
SAFETY ANALYSES

The CREVS components are arranged in redundant, safety related
ventilation trains. The location of components and ducting within the CRE
ensures an adequate supply of filtered air to all areas requiring access.
The CREVS provides airborne radiological protection for the CRE
occupants, as demonstrated by the CRE occupant dose analyses for the
most limiting design basis accident, fission product release presented in
the USAR, Chapter 15, AppeR.i. 1., (Ref. 2). ,

The CREVS provides protection from smoke and hazardous chemicals to
the CRE occupants. The analysis of hazardous chemical releases (Ref.
7) determined that hazardous chemicals are not stored or used onsite in
quantities sufficient to necessitate CRE protection as required by
Regulatory Guide 1.78 (Ref. 8). The evaluation of a smoke challenge
demonstrates that it will not result in the inability of the CRE occupants to
control the reactor either from the control room or from the remote
shutdown panels (Ref. 1). The analysis for smoke and hazardous
chemicals has determined no CREVS actuation for such events.

The worst case single active failure of a component of the CREVS,
assuming a loss of offsite power, does not impair the ability of the system
to perform its design function.

The CREVS satisfies Criterion 3 of 10 CFR 50.36(c)(2)(ii).
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CREVS
B 3.7.10

BASES

LCO Two independent and redundant CREVS trains are required to be
OPERABLE to ensure that at least one is available if a single active failure
disables the other train. Total system failure, such as from a loss of both
ventilation trains or from an inoperable CRE or CBE boundary, could
result in exceeding a dose of 5 reir;,hl body or it. equivalont to an..
pa.t ef the bedy to the CRE occupahn n the event of a large radioactive
release. Itotal effective dose equivalent

Each CREVS train is considered OPERABLE when the individual
components necessary to limit CRE occupant exposure are OPERABLE
in both trains. A CREVS train is OPERABLE when the associated:

a. Recirculation and pressurization fans are OPERABLE;

b. HEPA filters and charcoal absorbers are not excessively
restricting flow, and are capable of performing their filtration
functions;

c. Heater, moisture separator, ductwork, valves, and dampers are

OPERABLE, and air circulation can be maintained; and

d. Control Room Air Conditioning flow path integrity is maintained.

In order for the CREVS trains to be considered OPERABLE, the CRE and
CBE boundaries must be maintained such that the CRE occupant dose
from a large radioactive release does not exceed the calculated dose in
the licensing basis consequence analyses for DBA's, and that CRE
occupants are protected from hazardous chemicals and smoke.

The LCO is modified by a Note allowing the CRE and CBE boundaries to
be opened intermittently under administrative controls. This Note only
applies to openings in the CRE and CBE boundaries that can be rapidly
restored to intended design condition, such as doors, hatches, floor plugs,
and access panels. For entry and exit through doors, the administrative
control of the opening is performed by the person(s) entering or exiting the
area. For other openings these controls should be proceduralized and
consist of stationing a dedicated individual at the opening who is in
continuous communication with the operators in the CRE. This individual
will have a method to rapidly close the opening and thereby restore the
affected envelope boundary to a condition equivalent to the design
condition when a need for CRE isolation is indicated.

Note that the Control Room Air Conditioning System (CRACS) forms a
subsystem to the CREVS. The CREVS remains capable of performing its
safety function provided the CRACS air flow path is intact and air
circulation can be maintained. Isolation or breach of the CRACS air flow
path can also render the CREVS flow path inoperable. In these situations
LCOs 3.7.10 and 3.7.11 may be applicable.
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CREVS
B 3.7.10

APPLICABILITY In MODES 1, 2, 3, and 4, and ring movement a irradiated fuel
assemblies, the.CREVS mr, bbe OPERABLE to ensure that the CRE will

remain habitable during /d following a DBA.

During movement of radiated fuel assemblies, the CREVS must be

involving handling OPERABLE to cope with the release from a design basis fuel handling
recently irradiated fuel. accident

The CREVS is only required to be OPERABLE during fueling handling
involving handling recently irradiated fuel (i.e., fuel that has occupied part of a

ACTIONS A.1 critical reactor core within the previous 76 hours), due to radioactive decay.

When one CREVS train is inoperable for reasons other than an
inoperable CRE or CBE boundary, action must be taken to restore
OPERABLE status within 7 days. In this Condition, the remaining
OPERABLE CREVS train is adequate to perform the CRE occupant
protection function. However, the overall reliability is reduced because a
failure in the OPERABLE CREVS train could result in loss of CREVS
function. The 7 day Completion Time is based on the low probability of a
DBA occurring during this time period, and ability of the remaining train to
provide the required capability.

B.1, B.2, and B.3

If the unfiltered inleakage of potentially contaminated air past a CRE or
CBE boundary credited in the accident analysis and into the CRE can
result in CRE occupant radiological dose greater than the calculated dose
of the licensing basis analyses of DBA consequences (allowed to be up to
5 rem ,, le ~ t b ,y ,9F i .t , .•,v,•,,• ,,.y i.,, ef the b,,1), or inadequate
pr• tction of CRE occupants from hazardous chemicals or smoke, the

gtotal effective dose [;RE or CBE boundary is inoperable. Actions must be taken to restore the
equivalent CRE or CBE boundary to OPERABLE status within 90 days.

During the period that the CRE or CBE boundary is considered
inoperable, action must be initiated to implement mitigating actions to
lessen the effect on CRE occupants from the potential hazards of a
radiological or chemical event or a challenge from smoke. Actions must
be taken within 24 hours to verify that in the event of a DBA, the mitigating
actions will ensure that CRE occupant radiological exposures will not
exceed the caIepseted dcs of the licensing basis analyses of DBA
consequences and that CRE occupants are protected from hazardous
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CREVS
B 3.7.10

BASES

ACTIONS B.1, B.2, and B.3 (continued)

chemicals and smoke. These mitigating actions (i.e., actions that are
taken to offset the consequences of the inoperable CBP boundary) should
be preplanned for implementation upon entry into the condition,
regardless of whether entry is intentional or unintentional.

The 24 hour Completion Time is reasonable based on the low probability
of a DBA occurring during this time period, and the use of mitigating
actions. The 90 day Completion Time is reasonable based on the
determination that the mitigating actions will ensure protection of CRE
occupants within analyzed limits while limiting the probability that CRE
occupants will have to implement protective measures that may adversely
affect their ability to control the reactor and maintain it in a safe shutdown
condition in the event of a DBA. In addition, the 90 day Completion Time
is a reasonable time to diagnose, plan and possibly repair, and test most
conditions adversely affecting the CRE or CBE boundary.

C.1 and C.2

In MODE 1, 2, 3, or 4, if the inoperable CREVS train or the inoperable
CRE or CBE boundary cannot be restored to OPERABLE status within the
required Completion Time, the unit must be placed in a MODE that
minimizes accident risk. To achieve this status, the unit must be placed in
at least MODE 3 within 6 hours, and in MODE 5 within 36 hours. The
allowed Completion Times are reasonable, based on operating
experience, to reach the required unit conditions from full power
conditions in an orderly manner and without challenging unit systems.

D.1,--9-_, and D.2.2 rec

During movement of radiated fuel assemblies, if the inoperable CREVS
train cannot be restored to OPERABLE status within the required
Completion Time, action must be taken to immediately place the
OPERABLE CREVS train in the CRVIS mode. This action ensures that
the remaining train is OPERABLE, that no failures preventing automatic
actuation will occur, and that any active failure would be readily detected.
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CREVS
B 3.7.10

BASES

ACTIONS D.1,--I24. and D.22.2 (continued)

An alternative to Required Action D.1 is to immediately suspend activities
that could result in a release of radioactivity that might require isolation of
the CRE. This places the unit in a condition that minimizes the accident
risk. This does not preclude the movement of fuel to a safe position.

recently
E.1 -a•dE-2

During movement o firradiated fuel assemblies, with two CREVS trains
inoperable or with one or more CREVS trains inoperable due to an
inoperable CRE or CBE boundary, action must be taken immediately to
suspend activities that could result in a release of radioactivity that might
require isolation of the CRE. This places the unit in a condition that
minimizes the accident risk. This does not preclude the movement of fuel
to a safe position.

F. 1

If both CREVS trains are inoperable in MODE 1, 2, 3, or 4, for reasons
other than an inoperable ORE and CBE boundary (i.e., Condition B), the
CREVS may not be capable of performing the intended function and the
unit is in a condition outside the accident analyses. Therefore, LCO 3.0.3
must be entered immediately.

SURVEILLANCE SR 3.7.10.1
REQUIREMENTS

Standby systems should be checked periodically to ensure that they
function properly. As the environment and normal operating conditions on
this system are not too severe, testing each train once every month, by
initiating from the control room, flow through the HEPA filters and charcoal
adsorber of both the filtration and pressurization systems, provides an
adequate check of this system. Monthly heater operations dry out any
moisture accumulated in the charcoal from humidity in the ambient air.
Each pressurization system train must be operated for > 10 continuous
hours with the heaters energized. Each filtration system train need only
be operated for > 15 minutes to demonstrate the function of the system.
The 31 day Frequency is based on the reliability of the equipment and the
two train redundancy.
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CREVS
B 3.7.10

BASES

SURVEILLANCE SR 3.7.10.2
REQUIREMENTS

(continued) This SR verifies that the required CREVS testing is performed in
accordance with the Ventilation Filter Testing Program (VFTP). The
CREVS filter tests use the procedure guidance in Regulatory Guide 1.52,
Rev. 2 (Ref. 3) in accordance with the VFTP. The VFTP includes testing
the performance of the HEPA filter, charcoal absorber efficiency,
minimum flow rate, and the physical properties of the activated charcoal.
Specific test Frequencies and additional information are discussed in
detail in the VFTP.

SR 3.7.10.3

This SR verifies that each CREVS train starts and operates on an actual
or simulated CRVIS. The actuation signal includes Control Room
Ventilation or High Gaseous Radioactivity. The CREVS train
automatically switches on an actual or simulated CRVIS into a CRVIS
mode of operation with flow through the HEPA filters and charcoal
adsorber banks. The Frequency of 18 months is consistent with a typical
operating cycle. Operating experience has shown that these components
usually pass the Surveillance when performed at the 18 month
Frequency. Therefore, the Frequency is acceptable from a reliability
standpoint.

SR 3.7.10.4

This SR verifies the OPERABILITY of the CRE and CBE boundaries
credited in the accident analysis by testing for unfiltered air inleakage past
the credited envelope boundaries and into the CRE. The details of the I
testing are specified in the Control Room Envelope Habitability Program.

total effective
The CRE is considered habitable when the radiological dose to CR dosequivalent
occupants calculated in the licensing basis anal
consequences is no more than 5 rem 4ts equivalent te any
pa, -ef, he body and the CRE occupants are protected from hazardous
chemicals and smoke. For WCGS, there is no CREVS actuation for
hazardous chemical releases or smoke and there are no Surveillance
Requirements that verify OPERABILITY for hazardous chemicals or
smoke. This SR verifies that the unfiltered air inleakage into the CRE and
CBE boundaries is no greater than the flow rate assumed in the licensing
basis analyses of DBA consequences. When unfiltered air inleakage is
greater than the assumed flow rate, Condition B must be entered.
Required Action B.3 allows time to restore the CRE or CBE
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CREVS
B 3.7.10

BASES

SURVEILLANCE SR 3.7.10.4 (continued)
REQUIREMENTS

boundary to OPERABLE status provided mitigating actions can ensure
that the CRE remains within the licensing basis habitability limits for the
occupants following an accident. Compensatory measures are discussed
in Regulatory Guide 1.196, Section C.2.7.3, (Ref. 4) which endorses, with
exceptions, NEI 99-03, Section 8.4 and Appendix F (Ref. 5). These
compensatory measures may also be used as mitigating actions as
required by Required Action B.2. Temporary analytical methods may also
be used as compensatory measures to restore OPERABILITY (Ref. 6).
Options for restoring the CRE or CBE boundary to OPERABLE status
include changing the licensing basis DBA consequence analysis,
repairing the boundary, or a combination of these actions. Depending
upon the nature of the problem and the corrective action, a full scope
inleakage test may not be necessary to establish that the envelope
boundary has been restored to OPERABLE status.

REFERENCES 1. USAR, Section 6.4 and 9.4.

2. USAR, Chapter 15, AppeRdix 1I5A.

3. Regulatory Guide 1.52, Rev. 2.

4. Regulatory Guide 1.196.

5. NEI 99-03, "Control Room Habitability Assessment," June 2001.

6. Letter from Eric J. Leeds (NRC) to James W. Davis (NEI) dated
January 30, 2004, "NEI Draft White Paper, Use of Generic Letter
91-18 Process and Alternative Source Terms in the Context of
Control Room Habitability." (ADAMS Accession No. ML040300694).

7. USAR Section 2.2.

8. Regulatory Guide 1.78, Rev. 0.

I I N ý V T N V N T T T I V T V T VN N T I V V T T T V V V V V V T V V V V

S9'.10 CFR 50, Appendix A, General Design Criterion 19.
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CRACS
B 3.7.11

BASES

LCO
(continued)

The CRACS is considered to be OPERABLE when the individual
components necessary to maintain the control room temperature are
OPERABLE in both trains. These components include the refrigeration
compressors, heat exchangers, cooling coils, fans, and associated
temperature control instrumentation. In addition, the CRACS must be
OPERABLE to the extent that air circulation can be maintained. Isolation
or breach of the CRACS air flow path also can render the CREVS
flowpath inoperable. In these situations, LCO 3.7.10 would also be
applicable.

APPLICABILITY In MODES 1, 2, 3, 4, 5, and 6, and during movement of irradiated fuel
assemblies, the CRACS must be OPERABLE to ensure that the control
room temperature will not exceed equipment operational requirements.

2 1-

ACTIONS

'The CRACS is only
required to be

'OPERABLE during

fuel handling

involving handling
r recently irradiated

fuel (i'e., fuel that

has occupied part

of a critical reactor
core within the
previous 76 hours),

due to radioactive

decay.

A.1

With one CRACS train inoperable, action must be taken to restore
OPERABLE status within 30 days. In this Condition, the remaining
OPERABLE CRACS train is adequate to maintain the control room
temperature within limits. However, the overall reliability is reduced
because a single failure in the OPERABLE CRACS train could result in
loss of CRACS function. The 30 day Completion Time is based on the
low probability of an event requiring control room isolation and the
consideration that the remaining train can provide the required protection.

B.1 and B.2

In MODE 1, 2, 3, or 4, if the inoperable CRACS train cannot be restored to
OPERABLE status within the required Completion Time, the unit must be
placed in a MODE that minimizes the risk. To achieve this status, the unit
must be placed in at least MODE 3 within 6 hours, and in MODE 5 within
36 hours. The allowed Completion Times are reasonable, based on
operating experience, to reach the required unit conditions from full power
conditions in an orderly manner and without challenging unit systems.

C.1,--2-, and C.2-2 tly

In MODE 5 or 6, or during movement of irradiated fuel, if the inoperable
CRACS train cannot be restored to OPERABLE status within the required
Completion Time, the OPERABLE CRACS train must be placed in
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CRACS
B 3.7.11

BASES

ACTIONS C.1--G,2-• and C.2-.2 (continued)

operation immediately. This action ensures that the remaining train is
OPERABLE, that no failures preventing automatic actuation will occur,
and that active failures 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 unit in a condition that
minimizes accident risk. This does not preclude the movement of fuel to a
safe position.

reenly
D. 1 -and-D.2

In MODE 5 or 6, or during movement of irradiated fuel assemblies, with
two CRACS trains inoperable, action must be taken immediately to
suspend activities that could result in a release of radioactivity that might
require isolation of the control room. This places the unit in a condition
that minimizes risk. This does not preclude the movement of fuel to a
safe position.

E.1

If both CRACS trains are inoperable in MODE 1, 2, 3, or 4, the CRACS
may not be capable of performing its intended function. Therefore,
LCO 3.0.3 must be entered immediately.

SURVEILLANCE SR 3.7.11.1
REQUIREMENTS

This SR verifies that the heat removal capability of the CRACS air
conditioning units is adequate to remove the heat load assumed in the
control room during design basis accidents. This SR consists of verifying
the heat removal capability of the condenser heat exchanger (either
through performance testing or inspection), ensuring the proper operation
of major components in the refrigeration cycle and verification of unit air
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EES
B 3.7.13

BASES

BACKGROUND
(continued)

The Emergency Exhaust Sy-tem is discussed the USAR, Sections
6.5.1, 9.4.2, 9.4.3, and 16.7.4 (Refs. 1, 2, and t, respectively) because it
may be used for normal, as well as post accident, atmospheric cleanup
functions.

The FHA

analysis does
not credit the

Emergency

Exhaust System

for dose

mitigation after

76 hours of

decay time (Ref.

3 3.) The fuel

handling
* accident

analysis does

* not address fuel

movement prior
to 76 hours.

APPLICABLE
SAFETY ANALYSES

The Emergency Exhaust System design basis is established by the
consequences of the limiting Design Basis Accidents (DBAs), whichee
loss of coolant accident (LOCA) and a fuel handling accident (FHA).
analysis ef the fuel handling acoidcnt, given in Rcfcrcncc 3, assuffccs thr
all fuel "'ds in an.ass mbl, arc damaged, and onc of the Emorgcncy
Exhaust System filtcr adS8rbeF Unit is epcr~ating with a failed hcatcr or
humqdhstat. A rcduccd effieincny in the rcmoeval of organic iodinc would
^ -~fJ fifiI *; 0 [- + ItLt f ^l AIat.v ^^^aj rr A ^mhIre m+ tefln, ,Ioj k . tý n finfitA tp!Me

humidity. The analysis of the LOCA at radioactive materials
leaked from the ECCS and Containment Spray System (, 1
recirculation mode are filtered and adsorbed by the Emergency Exhaust- (Ref. 10)
System. The DBA analysis of the LOCA assumes that only one train ef
the Emcrgoncy Exhaust System is functional due to a single fai••uF that
dicablcc the ether train. The accident analysis aecounts for the rcduction
i n airbornce radieactivc mnaterial providcd by thec on rainig train of thi-s

and for a LOCA. These assumptions and the analysis follow e 7guidance
provided in Regulatory Guides 1.4 (e. )an .40(e

The Emergency Exhaust System satisfies Criterion 3 of 10 CFR
50.36(c)(2)(ii).

LCO

involving

recently
irradiated fuel.

Two independent and redundant trains of the Emergency Exhaust System
are required to be OPERABLE to ensure that at least one train is
available, assuming a single failure that disables the other train,
coincident with a loss of offsite power. Total system failure could result in
the atmospheric release from the auxiliary building or fuel building
exceeding the guideline limits of 10 CFR2- ef. 5) limits in the event of
a LOCA or fuel handling accident [1F50.671

The Emergency Exhaust System is considered OPERABLE when the
individual components necessary to control releases from the auxiliary or
fuel building are OPERABLE in both trains. An Emergency Exhaust
System train is considered OPERABLE when its associated:
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EES
B 3.7.13

BASES

LCO a. Fan is OPERABLE;
(continued)

b. HEPA filter and charcoal absorber are not excessively restricting
flow, and are capable of performing their filtration function; and

c. Heater, ductwork, and dampers are OPERABLE, and air circulation I
can be maintained.

The LCO is modified by a Note allowing the auxiliary or fuel building
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
auxiliary building or fuel building isolation is indicated.

APPLICABILITY In MODE 1, 2, 3, or 4, the Emergency Exhaust System is required to be
OPERABLE in the SIS mode of operation to provide fission product
removal associated with potential radioactivity leaks during the post-
LOCA recirculation phase of ECCS operation.

In MODE 5 or 6, when not movin *irradiated fuel the Emergency Exhaust
System is not require RABLE since the ECCS is not required
to be OPERABLE. recently

During movement o 4rradiated fuel n the fuel handling area, the
Emergency Exhaust System is req 'red to be OPERABLE to support the
FBVIS mode of operation to alleviat the consequences of a fuel handling
accident. (i.e., fuel that has occupied part of a critical reactor core within the previous 76 hours)

The Applicability is modified by a Note. The Note clarifies the Applicability
for the two safety related modes of operation of the Emergency Exhaust
System, i.e., the Safety Injection Signal (SIS) mode and the Fuel Building
Ventilation Isolation Signal (FBVIS) mode. The SIS mode which aligns
the system to the auxiliary building is applicable when the ECCS is
required to be OPERABLE. In the FBVIS mode the system is aligned to
the fuel building. This mode is applicable while handlin irradiated fuel in
the fuel building.

reenly
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EES
B 3.7.13

B ASESsrcnl
ACTIONS L23..not applicable while in MODE 5 or 6. However, since

-•~irradiated fue' asembly movement can occur in MODE 1, 2, 3, or 4, the
ACTIONS have b n modified by a Note stating that LCO 3.0.3 is not

applicable. If movin irradiated fuel assemblies while in MODE 5 or 6,
LCO 3.0.3 would not specify any action. If movinyirradiated fuel
assemblies while in MODE 1, 2, 3, or 4, the fuel ovement is independent
of reactor operations. Entering LCO 3.0.3, while n MODE 1, 2, 3, or 4
would require the unit to be shutdown unnecessa rily.

A.1 recently

With one Emergency Exhaust System train inoperable, action must be
taken to restore OPERABLE status within 7 days. During this period, the
remaining OPERABLE train is adequate to perform the Emergency
Exhaust System function. The 7 day Completion Time is based on the
risk from an event occurring requiring the inoperable Emergency Exhaust
System train, and the remaining Emergency Exhaust System train
providing the required protection.

B.1

If the auxiliary building boundary is inoperable such that a train of the
Emergency Exhaust System operating in the SIS mode cannot establish
or maintain the required negative pressure, action must be taken to
restore an OPERABLE auxiliary building boundary within 24 hours. The
24 hour Completion Time is reasonable based on the low probability of a
DBA occurring during this time period and the availability of the
Emergency Exhaust System to provide a filtered release (albeit with
potential for some unfiltered auxiliary building leakage).

C.1 and C.2

In MODE 1,2, 3, or4, when Required Action A.1 or B.1 cannot be
completed within the associated Completion Time or when both
Emergency Exhaust System trains are inoperable for reasons other than
an inoperable auxiliary building boundary (i.e., Condition B), the unit must
be placed in a MODE in which the LCO does not apply. To achieve this
status, the unit must be placed in MODE 3 within 6 hours, and in MODE 5
within 36 hours. The Completion Times are reasonable, based on
operating experience, to reach the required unit conditions from full power
conditions in an orderly manner and without challenging unit systems.
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EES
B 3.7.13

BASES

ACTIONS D.1 and D.2

When Required Action A.1 cannot be ,.mpleted within the associated
Completion Time during movement ofirradiated fuel assemblies in the
fuel building, the OPERABLE Emergency Exhaust System train must be
started in the FBVIS mode immediately or fuel movement suspended.
This action ensures that the remaining trai is OPERABLE, that no
undetected failures preventing system ope ation will occur, and that any
active failure will be readily detected.

If the system is not placed in operation, this action requires suspension of
uel movement, which precludes a fuel handling accident This does not

preclude the movement of fuel assemblies to a safe position.

involving handling

E.1 recently irradiated fuei.

If the fuel building boundary is inoperable such that a train of the
Emergency Exhaust System operating in the FBVIS mode cannot
establish or maintain the required negative pressure, action must be taken
to restore an OPERABLE fuel building boundary within 24 hours. The 24
hour Completion Time is reasonable based on the low probability of a
DBA occurring during this time period and the availability of the
Emergency Exhaust System to provide a filtered release (albeit with
potential for some unfiltered fuel building leakage).

recently

F._1

During movement o rradia d fuel assemblies in the fuel building, when
two trains of the Emergenc Exhaust System are inoperable for reasons
other than an inoperable f el building boundary (i.e., Condition E), or if
Required Action E.1 can ot be completed within the associated
Completion Time action ust be taken to place the unit in a condition in
which the LCO does n apply. Action must be taken immediately to
suspend movement of rradiated fuel assemblies in the fuel building. This
does not preclude the movement of fuel to a safe position.

SURVEILLANCE SR 3.7.13.1
REQUIREMENTS

Standby systems should be checked periodically to ensure that they
function properly. As the environmental and normal operating conditions
on this system are not severe, testing each train once every month, by
initiating from the control room flow through the HEPA filters and charcoal
adsorbers, provides an adequate check on this system.
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EES
B 3.7.13

BASES

REFERENCES 1.

2.

3.

4.

5.

6.

7.

8.

9.

USAR, Section 6.5.1.

USAR, Section 9.4.2 and 9.4.3.

USAR, Section 15.7.4.

Regulatory Guide 1.25, Rev. 0 (Safety"Guide 2). 1.183, Rev. 0

10 CFR400 F5.67

ASTM D 3803-1989.

ANSI N510-1980.

NUREG-0800, Section 6.5.1, Rev. 2, July 1981.

Regulatory Guide 1.52 (Rev. 2).

10 USR, Se. ctio n 1...
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Fuel Storage Pool Water Level
B 3.7.15

B 3.7 PLANT SYSTEMS

B 3.7.15 Fuel Storage Pool Water Level

BASES

BACKGROUND The minimum water level in the fuel storage pool meets the assumptions
of iodine decontamination factors following a fuel handling accident. The
specified water level shields and minimizes the general area dose when
the storage racks are filled to their maximum capacity. The water also
provides shielding during the movement of spent fuel.

A general description of the fuel storage pool design is given in the USAR,
Section 9.1.2 (Ref. 1). A description of the Spent Fuel Pool Cooling and
Cleanup System is given in the USAR, Section 9.1.3 (Ref. 2). The
assumptions of the fuel handling accident are given in the USAR, Section
15.7.4 (Ref. 3).

APPLICABLE
SAFETY ANALYSES

The minimum water level in the fuel storage pool meets the assumptions
of the fuel handling accident described in Regulatory Guide 4-.254Ref. 4).
The resultant 2 hour thyroi4 dose per person at the exclusion arebN______
boundary is well within the 10 CFR (Ref. 5) limits. 1 .183

15i.16, 71
According to Reference 4, there is 23"ftowater between the top of the
damaged fuel bundle and the fuel pool surface during a fuel handling
accident. This minimum water depth provides the basis for supporting an
overall effective decontamination factor of 4-00 . i ith 23 ft of
water, the assumptions of Reference 4 can be used directly. in pra~t ,
this lC1"- Preserves this assumption for thae bhlik of tha fl in the storage
racks. In the c.ase f a single bundle dropped and lying horizontally on
top of the spent fuel racks, however, there may be < 23 ft of w..ateFr ahbve
the top of the fuel bu-nde and the surface, indicated by the width of the
bundle plus- the distainlet from the top of thestra rasos- the top of the
fuel seated- in the storage racks. This results in a minimum water depth of
approx imately 21 feet 2 inches batween the top of the damraged fuel rods
to the fue-l pool surface./ith • minimu m depth < 23 ft, the capability of
the water to remov-e odine from the gas bubbles released from the
damaged fue-alMrodsRý wouA-ldICl be aff-ctad as the b hbblA rsea time is
doiminishad The effec Of wgAtefr depthse • 23 ft has been reviewed against
the pool scrubbing mo•del drAberh in Rafe.re.nce 6, and it hias baen
determined that a pool de-ontarmination factor of > IO r-1an be supporte
for a pool depth of 20 ft. Thus, the pool decontamination f2toFr Of 100,
assumed- in Reference 4, remains conservatively bounding and
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Fuel Storage Pool Water Level
B 3.7.15

BASES

APPLICABLE the iodie release due to a postulated f, ul handling accident is adequately
SAFETY ANALYSES captured by the .ater and offsite doses are maintained Within Allowable

(continued)

The fuel storage pool water level satisfies Criteria 2 and 3 of 10 CFR
50.36(c)(2)(ii).

LCO The fuel storage pool water level is required to be > 23 ft over the top of
irradiated fuel assemblies seated in the storage racks. The fuel storage
pool consists of the spent fuel pool and cask loading pool (with racks
installed). The specified water level preserves the assumptions of the fuel
handling accident analysis (Ref. 3). As such, it is the minimum required
for fuel storage and movement within the fuel storage pool.

APPLICABILITY This LCO applies during movement of irradiated fuel assemblies in the
fuel storage pool, since the potential for a release of fission products
exists.

ACTIONS A.1

Required Action A.1 is modified by a Note indicating that LCO 3.0.3 does
not apply.

When the initial conditions for prevention of an accident cannot be met,
steps should be taken to preclude the accident from occurring. When the
fuel storage pool water level is lower than the required level, the
movement of irradiated fuel assemblies in the fuel storage pool is
immediately suspended to a safe position. This action effectively
precludes the occurrence of a fuel handling accident. This does not
preclude movement of a fuel assembly to a safe position.

If moving irradiated fuel assemblies while in MODE 5 or 6, LCO 3.0.3
would not specify any action. If moving irradiated fuel assemblies while in
MODES 1, 2, 3, and 4, the fuel movement is independent of reactor
operations. Therefore, inability to suspend movement of irradiated fuel
assemblies is not sufficient reason to require a reactor shutdown.
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Fuel Storage Pool Water Level
B 3.7.15

BASES

SURVEILLANCE SR 3.7.15.1
REQUIREMENTS

This SR verifies sufficient fuel storage pool water is available in the event
of a fuel handling accident. The water level in the fuel storage pool must
be checked periodically. The 7 day Frequency is appropriate because the
volume in the pool is normally stable. Water level changes are controlled
by plant procedures and are acceptable based on operating experience.

During refueling operations, the level in the fuel storage pool is in
equilibrium with the refueling pool, and the level in the refueling pool is
checked daily in accordance with SR 3.9.7.1.

REFERENCES 1. USAR, Section 9.1.2.

2. USAR, Section 9.1.3.

3. USAR, Section 15.7.4.

4. Regulatory Guide 1.25, Rev. .1.183, Rev. 0.

5. 10 CFR 40044 .5067

6r WC\APr-78-_28, "Radiological Conseque-nces-,, of 2 Fuel= Handling
Accident," December 1971.
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Secondary Specific Activity
B 3.7.18

B 3.7 PLANT SYSTEMS

B 3.7.18 Secondary Specific Activity

BASES

BACKGROUND Activity in the secondary coolant results from steam generator tube
outleakage from the Reactor Coolant System (RCS). Under steady state
conditions, the activity is primarily iodines with relatively short half lives
and, thus, indicates current conditions. During transients, 1-131 spikes
have been observed as well as increased releases of some noble gases.
Other fission product isotopes, as well as activated corrosion products in
lesser amounts, may also be found in the secondary coolant.

A limit on secondary coolant specific activity during power operation
minimizes releases to the environment because of normal operation,
anticipated operational occurrences, and accidents.

This limit is lower than the activity value that might be expected from a
1150 gpd/Sgpm tube leak (LCO 3.4.13, "RCS Operational LEAKAGE") of primary

coolant at the limit of 1.0 pCi/gm (LCO 3.4.16, "RCS Specific Activity").
[ The steam line failure is assumed to result in the release of the nobgas

and-iodkie activity contained in the steam generator inventory-,the
feedwAt&T and the reactor coolant LEAKAGE. Most of the iodineisotones have short half lives. (i.e.. < 20 hours).

APPLICABLE
SAFETY ANALYSE•

Operating a unit at the allowable secondary coolant specific activity will
assure that the potential 2 hour exclusion area boundary (EAB) exposure
is limited to a small fraction of the 10 CFR 4-W (Ref. 1) & and meet the

the imit of 0.67appropriate

The accident analysis of the main steam line break (MSLB), acceptance
3 as discussed in the USAR, Chapter 15 (Ref. 2) assumes the initi criteria in the

secondary coolant specific activity to have a radioactive isotope Standard Review
concentration of 0.10 gCi/gm DOSE EQUIVALENT 1-131. This Plan (Ref. 3).
assumption is used in the analysis for determining the radiological1
consequences of the postulated accident. The accident analysis, based
on this and other assumptions, shows that the radiological consequences
of an MSLB do not exceed a small fraction of the unit EAB limits (Ref. --)
for Who body and4 thyroid dos rates.

With the loss of offsite power, the remaining steam generators are
available for core decay heat dissipation by venting steam to the
atmosphere through the MSSVs and steam generator atmospheric relief
valves (ARVs). The Auxiliary Feedwater System supplies the necessary

Itotal effective dose equivalent
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Secondary Specific Activity
B 3.7.18

BASES

APPLICABLE makeup to the steam generators. Venting continues until the reactor
SAFETY ANALYSES coolant temperature and pressure have decreased sufficiently for the

(continued) Residual Heat Removal System to complete the cooldown.

In the evaluation of the radiological consequences of this accident, the
activity released from the steam generator connected to the failed steam
line is assumed to be released directly to the environment. The
unaffected steam geneis assumed to discharge steam and any
entraine ' rough the MSSVs and ARVs during the event. Since

s are edit is taken in the analysis for activity plateout or retention, the
resultant radiological consequences represent a conservative estimate of
the potential integrated dose due to the postulated steam line failure.

Secondary specific activity limits satisfy Criterion 2 of 10 CFR
50.36(c)(2)(ii).

LCO As indicated in the Applicable Safety Analyses, the specific activity of the
secondary coolant is required to be 5 0.10 gCi/gm DOSE EQUIVALENT
1-131 to limit the radiological consequences of a Design Basis Accident
(DBA) to a small fraction on the required limit (Ref. -

Monitoring the specific activity of the secondary coolant ensures that
when secondary specific activity limits are exceeded, appropriate actions
are taken in a timely manner to place the unit in an operational MODE that
would minimize the radiological consequences of a DBA.

APPLICABILITY In MODES 1, 2, 3, and 4, the limits on secondary specific activity apply
due to the potential for secondary steam releases to the atmosphere.

In MODES 5 and 6, the steam generators are not being used for heat
removal. Both the RCS and steam generators are depressurized, and
primary to secondary LEAKAGE is minimal. Therefore, monitoring of
secondary specific activity is not required.

ACTIONS A.1 and A.2

DOSE EQUIVALENT 1-131 exceeding the allowable value in the
secondary coolant, is an indication of a problem in the RCS and
contributes to increased post accident doses. If the secondary specific
activity cannot be restored to within limits within the associated
Completion Time, the unit must be placed in a MODE in which the LCO
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Secondary Specific Activity
B 3.7.18

BASES

ACTIONS A.1 and A.2 (continued)

does not apply. To achieve this status, the unit must be placed in at least
MODE 3 within 6 hours, and in MODE 5 within 36 hours. The allowed
Completion Times are reasonable, based on operating experience, to
reach the required unit conditions from full power conditions in an orderly
manner and without challenging unit systems.

SURVEILLANCE SR 3.7.18.1
REQUIREMENTS

This SR verifies that the secondary specific activity is within the limits of
the accident analysis. A gamma isotopic analysis of the secondary
coolant, which determines DOSE EQUIVALENT 1-131, confirms the
validity of the safety analysis assumptions as to the source terms in post
accident releases. It also serves to identify and trend any unusual
isotopic concentrations that might indicate changes in reactor coolant
activity or LEAKAGE. The 31 day Frequency is based on the detection of
increasing trends of the level of DOSE EQUIVALENT 1-131, and allows
for appropriate action to be taken to maintain levels below the LCO limit.

REFERENCES 13. 10nCFRd 1Ree P1la.R567 1

2. USAR, Chapter 15.

1ý3. Standard Review Plan (SRP), Section 15.0.1.'!
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Containment Penetrations
B 3.9.4

B 3.9 REFUELING OPERATIONS

B 3.9.4 Containment Penetrations

BASES
re

BACKGROUND During CORE ALTERAT!ONS or movement of'irradiated fuel
assemblies within containment, a release of fission product radioactivity
within containment will be restricted from escaping to the environment
when the LCO requirements are met. In MODES 1, 2, 3, and 4, this is
accomplished by maintaining containment OPERABLE as described in
LCO 3.6.1, "Containment." In MODE 6, the potential for containment
pressurization as a result of an accident is not likely; therefore,
requirements to isolate the containment from the outside atmosphere
can be less stringent. The LCO requirements are referred to as
"containment penetration closure" rather than "containment
OPERABILITY." Containment penetration closure means that all
potential escape paths are closed or capable of being closed within 2
hours. Since there is no potential for containment pressurization, the 10
CFR 50, Appendix J leakage criteria and tests are not required.

The containment serves to contain fission product radioactivity that may
be released from the reactor core following an accident, such that offsite
radiation exposures are maintained we4l within the requirements of
10 CFR I. Additionally, the containment provides radiation shielding
fromm te hfission products that may be present in the containment

sphere following accident conditions. recently

The containment equipment hatch, which' part of the containment
pressure boundary, provides a means fo moving large equipment and
components into and out of containme . If closed, the equipment hatch
must be held in place by at least four olts. Good engineering practice
dictates that the bolts required by t ls LCO be approximately equally
spaced. The equipment hatch m be open during GORE
ALTERATIONS or movement of radiated fuel assemblies within
containment, provided it can be installed with a minimum of four bolts
holding it in place. During shutdown conditions, adequate missile
protection for safety related equipment in containment is provided with
the equipment hatch held in place with 6 bolts. Administrative controls
ensure the equipment hatch is in place during the threat of severe
weather that could result in the generation of tornado driven missiles.

The containment air locks, which are also part of the containment
pressure boundary, provide a means for personnel access during
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Containment Penetrations
B 3.9.4

BASES

BACKGROUND MODES 1, 2, 3, and 4 unit operation in accordance with LCO 3.6.2,
(continued) "Containment Air Locks." Each air lock has a door at both ends. The

doors are normally interlocked to prevent simultaneous opening when
containment OPERABILITY is required. During periods of unit
shutdown when containment penetration closure is not required, the
door interlock mechanism may be disabled, allowing both doors of an
air lock to remain open for extended periods when frequent containment

EH ,entry is necessary. During CORE ALTERATIONS or movement of
,irradiated fuel assemblies within containment, containment penetration
closure is required; however, the door interlock mechanism may remain
disabled provided one personnel air lock door is capable of being closed
and one emergency air lock door is closed. In the case of the
emergency air lock door, a temporary closure device is an acceptable
replacement for the air lock door (Ref. 1).

The requirements for containment penetration closure ensure that a
release of fission product radioactivity within containment will be
restricted from escaping to the environment. The closure restrictions
are sufficient to restrict fission product radioactivity release from
containment due to a fuel handling accidentouring refueling. involving handling

recently irradiated fuell
The Containment Purge System includes two subsystems. The
shutdown purge subsystem includes a 36 inch supply penetration and a
36 inch exhaust penetration. The second subsystem, a mini-purge
system, includes an 18 inch supply penetration and an 18 inch exhaust
penetration. During MODES 1, 2, 3, and 4, the two valves in each of the
shutdown purge supply and exhaust penetrations are secured in the
closed position or blind flange installed. The two valves in each of the
two minipurge penetrations can be opened intermittently, but are closed
automatically by the Engineered Safety Features Actuation System(ESFAS). Neither of the subsystems is subject to a Specification in

MODE 5 or MODE 6 excluding CORE ALTERATIONS or movement of
irradiated fuel in containment.

In MODE 6, large air exchanges are necessary to conduct refueling
operations. The normal 36 inch purge system is used for this purpose,
and all four valves may be closed by the ESFAS in accordance with
LCO 3.3.6, "Containment Purge Isolation Instrumentation," during
CORE ALTERATIONS or movement irradiated fuel in containment.

When the minipurge system is not ed in MODE 6, all four 18 inch
valves are closed. recntl

The other containment penetrations that provide direct access from
containment atmosphere to outside atmosphere must be isolated on at

Wolf Creek - Unit 1 B 3.9.4-2 Revision 13 1



Containment Penetrations
B 3.9.4

EtE radaedBASES

Additionally, the BACKGROUND
fuel handling (continued)
accident analysis

does not assume

containment
isolation to

mitigate the dose
after 76 hours of _

decay time. The

least one side. Isolation may be achieved by an PERABLE automatic
isolation valve, or by a manual isolation valve, bI nd flange, or
equivalent. Equivalent isolation methods must e approved and may
include use of a material that can provide a te porary, atmospheric
pressure, ventilation barrier for the other cont inment penetrations and
the emergency personnel escape lock during uel movements (Ref. 1).

fue
acc
doe
fue
prio

I handling PPLICABLE During CORE ALTERATIONS or movement of irradiated fuel
ident analysis SAFETY ANALYSES assemblies within containment, the most severe radiological
es not address consequences result from a fuel handling accident. The fuel handling
I movement accident is a postulated event that involves damage to irradiated fuel

t(Ref. 2). Fuel handling accident, analyzed in Reference 2, assumes

dropping a single irradiated fuel assembly." The time to close
containment penetrations under administrative controls is assumed to
be not more than a 2 hour period, consistent with the 2 hour period of

the movement of irradiated fuel release assumed in the accident analysis (Ref. 6). The requirements of
aLCO 3.9.7 "Refueling Pool Water Level," and the minimum decay time

of 76 hours prior to . .... . .. .... ..... ensure that the release of
50.67 ission product radioactivity, subsequent to a fuel handling accident,

rres in doses that are well within the guideline values specified in
Per S.tandardII ReviewV Planl 15.0.1i, thel ý ý Q CF .... .... ...... ....... ...... , .................... v . 1 ...... y,~~~dc..ffa. "w"'-c! M:!hnn" !0 CFR !00 te be 26-0, 9F lessc f the !9 CFR !00

Z'l4ie acceptance limits for offsite radiation exposure - 25%
of 10 CFR values.7ý I

involving
Containment penetrations satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii). handling

recently

irradiated

LCO This LCO limits the consequences of a fuel handling acciden n fuel.
containment by limiting the potential escape paths for fission product
radioactivity released within containment. The LCO requires any
penetration providing direct access from the containment atmosphere to
the outside atmosphere to be closed except for the OPERABLE
containment purge penetrations, the personnel airlock, and the
equipment hatch (which must be capable of being closed). For the
OPERABLE containment purge penetrations, this LCO ensures that
each penetration is isolable by the Containment Purge Isolation System
to ensure that releases through the valves are terminated, S-ch that
radio'log• al descz arc within the a, , pta limit. recently

One door in the emergency air lock must be closed and one oor in the
personnel air lock must be capable of being closed. Both cpntainment
personnel air lock doors may be open during movement of irradiated
fuel or CORE ALTERATIONS, provided an air lock door is capable of
being closed and the water level in the refueling pool is maintained as
required. Administrative controls ensure that 1) appropriate personnel
are aware of the open status of the containment during movement of
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Containment Penetrations
B 3.9.4

involving

BASES L~eu3handling\, recently

LCO "irradiated fuel or CORE ALTERATIONS, 2) specified individuals are fuel

(continued) designated and readily available to close the air lock following an g
evacuation that would occur in the event of a fuel handling acciden , and
3) any obstructions (e.g., cables and hoses) that would prevent rapid
closure of an open air lock can be quickly removed (Ref. 4). LCO
3.9.4.b is modified by a Note allowing an emergency escape air lock
temporary closure device to be an acceptable replacement o an
emergency air lock door. recently

The equipment hatch may be open during movement 0 irrad ated fuel
or CORE ALTERATIONS provided the hatch is capable of b ing closed involving

and the water level in the refueling pool is maintained as re uired. handling

Administrative controls ensure that 1) appropriate personn I are aware recently

of the open status of the containment during movement o irradiate uel irradiated
or CORE ALTERATIONS, 2) specified individuals are designat and
readily available to close the equipment hatch following an acuation
that would occur in the event of a fuel handling accident, nd 3) any
obstructions (e.g., cables and hoses) that would prevent rapid closure of
the equipment hatch can be quickly removed. recently

The LCO is modified by a Note allowing pe tration flow paths with
direct access from the containment atmo here to the outside
atmosphere to be unisolated under ad inistrative controls.
Administrative controls ensure that/1yappropriate personnel are aware
of the open status of the penetrati n flow path during-G•R-
ALTERATIONS or movement o irradiated fuel assemblies within involving
containment, and 2) specified individuals are designated and readily handling

available to isolate the flow path within 2 hours in the event of a fuel recently
handling accident< feirradiated

recently the limiting ful

APPLICABILITY

Due to radioactive decay, the

containment penetration
requirements are only necessary

during fueling handling involving

recently irradiated fuel (i.e., fuel
that has occupied part of a
critical reactor core within the
previous 76 hours). ......

The containment penetration req irements are applicable d i g ,RE
,ALTERATIONS; or movement of irradiated fuel assemblies *hin
containment because this is when there is a potential for f el handling
accidenty In MODES 1, 2, 3, and 4, containment penetrati n

7requirements are addressed by LCO 3.6.1. In MODES 5 nd 6, when
CORE ALTERATIONS or movement of irradiated fuel a emblies within
containment not being conducted, the potential for fuel handling
accident does not exist. Therefore, un er these conditions no
requirements re placed on containme t penetration status.

A .1 -and A .2 critclraco oe for greater than 76 hours,

If the containment equipment hatch, air locks, or any containment
penetration that provides direct access from the containment
atmosphere to the outside atmosphere is not in the required status,

ACTIONS
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Containment Penetrations
B 3.9.4

BASES

ACTIONS A.1 and A.2 (continued) recently

including the containment purge isolation valve not cap ble of automatic
actuation, the unit must be placed in a condition where the isolation
function is not needed. This is accomplished by imm iately
suspending CORE ALTERATIONS and movement o irradiated fuel
assemblies within containment. Performance of these actions shall not
preclude completion of movement of a component to a safe position.

SURVEILLANCE SR 3.9.4.1
REQUIREMENTS

This Surveillance demonstrates that each of the containment
penetrations required to be in its closed position is in that position. For
the open purge isolation valves, this Surveillance will ensure that each
valve is not blocked from closing and each valve operator has motive
power by demonstrating that each valve actuates to its isolation position.
Containment penetrations that are open under administrative controls
are not required to meet the SR during the time the penetrations are involving

open. r handling
recently

The Surveillance is performed ev'ery 7 days during OR-E irradiated
A I T r A T t ' Ik • t y e . . fu e l.

ALTERATIONS or movement o rradiated fuel assemblies within
containment. The Surveillance interval is selected to be commensurate
with the normal duration of time to complete fuel handling operations. A
surveillance before the start of refueling operations will provide sufficient
surveillance verification during the applicable period for this LCO. As
such, this Surveillance ensures that a postulated fuel handling accident/
that releases fission product radioactivity within the containment will not
result in a release of fission product radioactivity to the outside
atmosphere.

SR 3.9.4.2 sfE

This Surveillance demonstrates that the necessary hardware, tools, and
equipment are available to install the equipment hatch. The equipment
hatch is provided with a set of hardware, tools, and equipment for
moving the hatch from its storage location and installing it in the
opening. The required set of hardware, tools, and equipment shall be
inspected to ensure that they can perform the required functions.

The Surveillance is performed every 7 days during GGRE
ALTERATIONS or movement of irradiated fuel assemblies within the
containment. The Surveillance rinterval is selected to be commensurate

reetly
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Refueling Pool Water Level
B 3.9.7

B 3.9 REFUELING OPERATIONS

B 3.9.7 Refueling Pool Water Level

BASES

BACKGROUND The movement of irradiated fuel assemblies, within containment
requires a minimum water level of 23 ft above the top of the reactor
vessel flange. During refueling, this maintains sufficient water level in
the fuel transfer canal, refueling pool, and spent fuel pool. Sufficient
water is necessary to retain iodine fission product activity in the water in
the event of a fuel handling accident (Refs. 1 and 2). Sufficient iodine

5activity would be retained to limit offsite doses from the accident to
LJ<25o 2- r1%, F*4-W limits, as provided by the guidance of

Reference 3 and acccpta•c ORi R•.fo.e.n 6.

APPLICABLE During movement of irradiated fuel assemblies, the water level in the
SAFETY ANALYSES refueling pool is an initial condition design parameter in the analysis of a

fuel handling accident in containmont, as postulated by Regulatory
-1.183 G- 2 (Ref. 1). The reactor is assumed to have been subcritical

L for 7 hours prior to movement of irradiated fuel in the reactor vessel. A
- minimum water level of 23 ft (Regulatory ... itneio ....... f.Ref. 1) allows

10 a decona ion ac or 4ý- (Regulatory Position G4g, Ref. 1) to
be used in the accident analysis for iodine. This relates to the
assumption tha L@- of the total iodine released from the pellet to Bn2

199.5%r- cTlading gap of all the dropped W.p. assembly rods is retained by the
refueling pool water. in, dd4iti,9•fJor the analyses for thc accidont in thc
,.ate- ,•i4ding the dropped assembly is assumed to damage 20
percent of the rods of an additional assembly. The•f,••pelle"-,,
cladding gap us a--u.ned- tA- in 10% of the total fuel rod iodiRe
.nvntory (Ref. 1).

The fuel handling accident analysis inside containment is described in
Reference 2. With a minimum water level of 23 ft and a minimum decay
time of 76 hours prior to fuel handling, the analysis and test programs
demonstrate that the iodine release due to a postulated fuel handling
accident is adequately captured by the water and offsite doses are
maintained well within allowable limits (Refs. 4 6 a. 6).

R2 and 5J
Refueling pool water level satisfies Criterion 2 of 10 CFR 50.36(c)(2)(ii).
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Refueling Pool Water Level
B 3.9.7

BASES

REFERENCES 1. Regulatory Guide 1.25, March 23, 1972. 1.183, July 2000.

2. USAR, Section 15.7.4.

3. NiUiREG 08_n00, Section 15.7.4, Rev 1, juhy 1981. Iot used.d

4. 10 CFR -00-_-_4.[6f

5. Malinowski, D. D., Bell, M. J., Duhn, E., and Locante, J., WCAP-
M828, Radiological Consequences of a Fuel Handling Accident,

December 1971.

6. NUi IR•G•0881, Safety Evaluation R•por, Wolf Creeak Gneratirng
Station, April 1982, Section 15.4.6[Not used.]

7. NUREG/CR-5009, February 1988.
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Gas Storage Tanks
TR 3.10.3

TECHNICAL SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

TSR 3.10.3.1 ------------------- NOTE ------------------
This surveillance is not required when swapping the

5.x10 Lconts from one tank to another, when the tank
ontains less t -O- 44- curies of noble gases

(considered as Xe-1 33 equivalent).

1.0xl05 erify quantity of radioactive material in each tank is

2 -.-- 494 Curies of noble gases (considered as Xe-
133 equivalent).

Once per 7 days
during addition of
radioactive
material to the
tank

AND

Once within 7
days following
addition of
radioactive
material to the
tank
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Primary to Secondary LEAKAGE Detection Instrumentation
TR B 3.3.18

BASES

BACKGROUND
(continued)

The Condenser Air Discharge Monitor (GE RE-92) is provided to detect,
indicate, and alarm gaseous activity in the Condenser Air Removal
System exhaust. The monitor closes the steam generator blowdown
isolation valves on high radiation to prevent discharge of radioactive fluid
and to limit radioactive contamination of the blowdown demineralizers.
(Reference 2.)

The Steam Generator Blowdown Process Radiation Monitor (BM RE-25)
continuously monitors the fluid entering the steam generator blowdown
filters to detect, alarm, and indicate excessive radioactivity levels in the
blowdown system. This monitor acts to terminate blowdown from the
steam generators to prevent discharge of radioactive fluid and to limit
radioactive contamination of the blowdown deminerlizers. (Reference 3).

The Steam Generator Liquid Radiation Monitor (SJ RE-02) continuously
monitors the blowdown from the steam generators, either individually or
collectively, to detect, indicate, and alarm primary to secondary system
leaks in the steam generators. This monitor closes the steam generator
blowdown isolation valves on high radiation to prevent the discharge of
radioactive fluid and to limit radioactive contamination of the blowdown
demineralizers. (Reference 4).

APPLICABLE
SAFETY ANALYSES

The safety analyses for events resulting in steam discharge to the
atmosphere assume a 1 gpm primary to secondary LEAKAGE as an
initial condition. Primary to secondary LEAKAGE is a factor in the dose
release outside containment resulting from a steam line break accident.
Other accidents or transients involving secondary steam release to the
atmosphere 7 include the steam generator tube rupture The leakage
contaminates the secondary fluid. •

,locked RCP
rotor, loss of AC
power, and rod
ejection with no
release into
containment.

TR This TR requires the radiation monitors used to detect and monitor steam
generator primary to secondary LEAKAGE be FUNCTIONAL when
needed for detection and monitoring. A radiation monitor is
FUNCTIONAL if it is directly correlated to gpd leakage, can be monitored,
will produce an alarm in the control room, and can detect leak rates
greater than 30 gpd at existing Reactor Coolant System (RCS) activity
levels. The capability to isolate steam generator blowdown is not
required for radiation monitor FUNCTIONALITY as this TR is to ensure
the monitor is capable of detecting and monitoring primary to secondary
LEAKAGE.

During normal operation, process radiation monitors and radiochemical
grab sampling provide indication of primary to secondary LEAKAGE.
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EES for Crane Operation - Fuel Building
TR B 3.7.13

B 3.7 PLANT SYSTEMS

TR B 3.7.13 Emergency Exhaust System (EES) for Crane Operation - Fuel Building

BASES

BACKGROUND A description of the EES is provided in the Bases for Technical
Specification 3.7.13, "Emergency Exhaust System," (Ref. 1).

APPLICABLE
SAFETY ANALYSES

The EES has a design function to filter radioactive particles which have
been released as a result of a fuel handling accident. The OPERABILITY
of the EES with respect to a fuel handling accident is addressed by
Technical Specification 3.7.13 (Ref. 1). The dose consequences of
dropping of a light load (i.e, load _< 2250 pounds) into the spent fuel pool
storage area, which may result in partial damage to one or more
irradiated fuel assembly(s) is less than the dose consequences of a fuel
handling accident. Therefore, since the potential for damage exists which
would result in the release of radioactive material, it is necessary for
operational requirements to be in place to protect against the inadvertent
release of radioactive materials to the environment. Heavy loads (i.e.,
loads in excess of 2250 pounds), with the exception of the spent fuel
transfer gates, are prevented from being moved over fuel assemblies in
the spent fuel storage facility by crane travel interlocks and physical
stops. FUNCTIONALITY requirements for crane travel interlocks and
physical stops are specified in TR 3.7.17, "Crane Travel - Spent Fuel
Storage Facility," (Ref. 2).

TR Two independent and redundant trains of the EES are required to be
FUNCTIONAL to ensure that at least one train is available, assuming a
single failure that disables the other train, coincident with the loss of
offsite power. Total system failure could result in the atmospheric release
from the fuel building. Such a release is not expected to exceed the
guideline limits of 10 CFR 1-00 for the situation addressed by this TR.

F5-0.6-7-
The EES is considered FUNCTIONAL when the individual components
necessary to control releases from the fuel building are FUNCTIONAL in
both trains. An EES train is considered FUNCTIONAL when its
associated:

a. Fan is FUNCTIONAL;

b. HEPA filter and charcoal adsorber are not excessively restricting
flow, and are capable of performing their filtration function; and
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Refueling Pool Water Level
TR B 3.9.7

B 3.9 REFUELING OPERATIONS

TR B 3.9.7 Refueling Pool Water Level

BASES

BACKGROUND While the conditions involved in the movement of control rods within the
reactor vessel during MODE 6 do not meet the initial conditions 200
associated with a fuel handling accident, maintainin a water
level of 23 feet above the top of the i ra will continue to provid
for a decontamination factor of 1-00 be applied to the capture of iodin
This decontamination factor was initially calculated as part of an acci t
analysis for a dropped fuel assembly. A decontamination factor of 41-00 is
calculated based upon the assumption that 90% he total iodine
released from the pellet to cladding gap is retained by the-re ue in 9.5%
water. The fuel pellet tee laddin• g g.p i a..umed to con.tain 0% of the
total fuel rodio nvento-y.

Therefore, if activities connected to the movement of control rods within
the reactor vessel during MODE 6 results or facilitates in the release of
iodine from a failed fuel assembly, there will be a sufficient water level to
capture the escaping iodine.

APPLICABLE
SAFETY ANALYSES

The reactor water level during refueling operations has not been shown to
be significant to public health and safety by either operational experience
or PSA (Ref. 1). During the movement of irradiated fuel, refueling pool
water level is addressed by Technical Specification 3.9.7, "Refueling Pool
Water Level." The activity associated with the movement of control rods
under these circumstances is not viewed as an activity which would result
in fuel failure, however if the irradiated fuel assembly has already
experienced some level of failure, a refueling pool water level of >_ 23 feet
will provide a iodine decontamination factor of 4-00 as well as provide
shielding for the refueling personnel who will be king directly above
the core.

TR This TR is written to provide assurance that the refueling pool water level
during the movement of control rods within the vessel while in MODE 6 is
greater than or equal to 23 ft above the top of the irradiated fuel
assemblies. This water level is required to capture iodine which may be
released as a result of control rod manipulation from an irradiated fuel
assembly which is already damaged.

APPLICABILITY This TR is only applicable in MODE 6 during the movement of control
rods within the reactor pressure vessel.

Wolf Creek - Unit 1 - TRM B 3.9.7-1 Revision 3



Gas Storage Tanks
TR 3.10.3

B 3.10 EXPLOSIVE GAS AND STORAGE TANK RADIOACTIVITY MONITORING

TR B 3.10.3 Gas Storage Tanks

BASES

BACKGROUND The gas storage tanks, commonly known as the gas decay tanks, are
components within the Gaseous Radwaste System (GRWS). The
GRWS's main flow path is a closed loop comprised of two waste gas
compressors, two catalytic hydrogen recombiners, six gas decay tanks for
normal power service, and two gas decay tanks for service at shutdown
and startup. The tanks are of the vertical-cylindrical type and are
constructed of carbon steel (Ref. 1).

The primary source of the radioactive gases for the GRWS is from the
volume control tank during purging evolutions. The operation of the
GRWS serves to reduce the fission gas concentration in the reactor
coolant system, which in turn, reduces the escape of fission gases from
the Reactor Coolant System (RCS) during maintenance operations or
through equipment leakage. Smaller quantities are received from the
recycle evaporator gas stripper, the reactor coolant drain tank, the
pressurizer relief tank, and the recycle holdup tanks (Ref. 1).

Operation of the system is such that fission gases are distributed
throughout the six normal operation gas decay tanks. Separation of the
GRWS gaseous inventory is several tanks assures that the allowable site
boundary dose will not be exceeded in the event of a gas decay tank
rupture (Ref. 1).

The GRWS also provides the capacity for indefinite holdup of gases
generated during reactor shutdown. Nitrogen gas from previous
shutdowns is contained in the shutdown gas decay tank for use in
stripping hydrogen from the reactor coolant system (Ref. 1).

The tanks included in this TR are those tanks for which the quantity of
radioactivity contained is not limited directly or indirectly by another TS or
TR. Restricting the quantity of radioactivity contained in each gas storage
tank provides assurance that in the event of an uncontrolled release of
the tank's contents, the resulting whole body exposure to a member of the
public at the nearest site boundary will not exceed OG. rem. This is
consistent with Reference 2. 0.1

Technical Specification 5.5.12, "Explosive Gas and Storage Tank
Radioactivity Monitoring," (Ref. 3) requires a surveillance program to
ensure that the quantity of radioactivity contained in the gas storage tanks
is less than the amount that would result in a whole body exposure of >

0.-1]. rem to any individual is an unrestricted area, in the event of an
uncontrolled release of the tanks contents.

Wolf Creek - Unit 1 - TRM B 3.10.3-1 Revision 3



Gas Storage Tanks
TR B 3.10.3

BASES

APPLICABLE The limitations imposed on the radioactive content of each gas storage
SAFETY ANALYSES tank governed by this TR are put in place so as to ensure that the public

is not exposed to doses from gaseous effluents in excess of the
requirements of 10CFR Part 20 to unrestricted areas. The total dose to
the public ensures that the dose limitations of 40CFR Part 190 which
have been incorporated in 1OCFR Part 20 are met (Ref. 4).

These requirements are not important to dominant risk sequences as
defined in Reference 4.

TR TR 3.10.3 is provided to ensure that the radioactive material contained in
each gas storage tank is less than 2.5 +Gý Curies of noble gases.
(Calculated based on Xe-1 33 equivalent.) T'I 0l05

APPLICABILITY Radioactive content of the gas storage tanks addressed by this TR is
required to be monitored and maintained within limits at all times.

ACTIONS A Note has been added in the ACTIONS to clarify the application of
Completion Time rules. The Conditions of this Requirement may be
entered independently for each tank listed in the TR. The Completion
Time(s) associated with each tank outside of its requirements will be
tracked separately for each tank starting from the time the Condition was
entered for that tank.

A.1, A.2, and A.3

Once the quantity of radioactive material is determined to be greater than
the limit, addition of radioactive material is required to be suspended
immediately and the level reduced to within limits within 48 hours. The
immediate Completion Time for the suspension of the addition of
radioactive material to the tank is consistent with the required times for
actions to be performed without delay and in a controlled manner. The 48
hour Completion Time for the restoration of the tanks radioactive content
to within limits is based upon operating experience and is reasonable
considering the time it will take to identify the problem and take the proper
corrective actions.

Condition A is modified by a Note that requires that Required Action A.3
must be completed whenever Condition A is entered. The Note
emphasizes the need to initiate a Condition Report (CR) regardless of
whether the gas storage tank(s) is restored to within limits.

Wolf Creek - Unit 1 - TRM B 3.10.3-2 Revision 37



Gas Storage Tanks
TR B 3.10.3

BASES

ACTIONS A.1, A.2, and A.3 (continued)

The initiation of a CR ensures that the event will be included in the next
Radioactive Effluent release Report in accordance with Technical
Specification 5.6.3.

B.1

In the event that the Required Action and associated Completion Time
are not met, Required Action B.1 requires initiation of a CR immediately
to address why the gas storage tank(s) was not restored to within limit
within the Completion Time. As part of the initiation of the CR, action
shall be implemented in a timely manner to place the unit in safe
condition as determined by plant management. The CR should provide
an accurate description of the problem, the Required Action and
associated Completion Time not complied with. The intent of this
Required Action is to utilize the corrective action program to assure
prompt attention and adequate management oversight to minimize the
additional time the tank(s) is not within the limit.

TECHNICAL TSR 3.10.3.1
SURVEILLANCE
REQUIREMENTS Demonstrating that the quantity of radioactive material in each tank is

within limits at a Frequency of within 7 days following additions and once
per 7 days during additions provides adequate assurance that
concentrations in excess of the limits will be detected in sufficient time to
take corrective action.

The use of Xe-1 33 equivalent for the curie limit is based on Xe-1 33 being
the predominant moble gas accumulated is the reactor coolant and
transferred to the gas storage tanks and is therefore used as the isotope
source term. 10x10 5 1 04

A Note has been added allo the exception of the performa rce of this
surveillance as a result of swa ing the contents of one gas ste ge tank
to another when the tank bein gwapped contains less than 2.0* i4
curies (which is less than the 2.5 4O9 limit). This is acceptable based
upon Reference 5, which calculates the maximum increase in curie
content as a result of swapping the contents from one tank to the other
considering the volume of piping between tanks.

Wolf Creek - Unit 1 - TRM B 3.10.3-3 Revision 37



Gas Storage Tanks
TR B 3.10.3

BASES

REFERENCES 1. USAR, Section 11.3.2.1.

2. Standard Review Plan 1-1-43, Branch Technical Position ET-S1 11 -
5, "Postulated Radioactive Releases Due to a Waste Gas System
Leak or Failure," in NUREG-0800, 1QI--Mc20

3. Technical Specification 5.5.12, "Explosive Gas and Storage Tank
Radioactivity Monitoring Program."

4. WCAP-11618, "MERITS Program-Phase II, Task 5, Criteria
Application," including Addendum 1 dated April, 1989.

5. USAR Change Request 96-074.
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WOLF CREEK

c. Meet a specific operator interface, startup, or specific
testing requirement.

d. Meet a design classification or code requirement (e.g.,
be designed to withstand the safe shutdown earthquake).

Items implicit in contemporary design practices (e.g., use of the English
system of weights and measures or the exercise of good engineering practice)
are not specified as design bases.

Safety design bases are engineering objectives which must be met by safety-
related structures, systems, or components.

Safety-related items are defined as those plant features necessary to ensure
the following:

a. The integrity of the reactor coolant pressure boundary.

b. The capability to shut down the reactor after a design basis accident
and maintain it in a post-accident safe shutdown condition.

c. The capability to prevent or mitigate the consequences of
accidents that could potentially result in offsite
exposures approaching the guideline exposures of 10 CFR

F5-0.767

Items which are associated with safety-related equipment, but which in
themselves are not absolutely essential to the safety function of the
equipment, are not considered safety-related.

Power generation design bases support, either directly or indirectly,the major
electrical power generation function of the station. Examples of power
generation design bases are the requirements to provide adequate radiation
shielding and domestic water for plant personnel.

Sections describing Westinghouse-supplied systems and components do not provide
safety design bases or power generation design bases as such. These sections
do give functional descriptions and are in compliance with Regulatory Guide
1.70.

1.1-4 Rev. 14
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TABLE 1.3-4 (Sheet 19)

Regulation
(10 CFR)

50.63

50.64

50.65

Compliance

This regulation pertains to the Station Blackout rule.

This regulation pertains to non-power reactors only
and is not applicable to WCGS.

This regulation requires the implementation of a program to
monitor the effectiveness of maintenance programs by monitoring
performance of plant SSCs. Plant procedures implement and
control this program.

This regulation provides the licensee with eight requirements
that may be complied with in lieu of compliance with IOCFR70.24
for criticality monitoring. WCGS complies with this regulation.

50.68

50.70

50.71

50.72

50.73

50.74

50.78

50.80

50.81

Th o in has assigned resident inspectors to
WCGS and space rovided in conformance with
50.70(b) (1)through

Reod r adwl emaintained a e rts will

be made in accordance with the requirements

sections (a) through (e) of this regulation and the
license.

This regulation provides the immediate notification
requirements for operating nuclear power reactors.

This regulation requires the licensee to submit
Licensee Event Reports for certain specific events.

This regulation requires the licensee to notify the
NRC pertaining to a change in Reactor Operator or
Senior Reactor Operator status.

This regulation pertains to holders of construction
permits and does not apply to WCGS.

This regulation provides that licenses may not be
transferred without NRC consent. No application
for transfer has been made by the WCGS Licensees.

This regulation permits the creation of mort-
gages, pledges, and liens on licensed facilities,
subject to certain provisions. The regulation
prohibits secured creditors from violating the
Atomic Energy Act and the Commission's regulations.

This regulation provides for the termination of
licenses. It does not apply to WCGS because no
termination of licenses has been requested.

The USAR
accident
analyses,
particularly those
in Chapter 6.0
and 15.0,
demonstrate that
offsite doses
resulting from
postulated
accidents would
not exceed the
criteria in this
section of the
regulation.

50.82

Rev. 14
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TABLE 1.3-4 (Sheet 36)

Regulation
(10 CFR) Compliance

100.10

100.11

The factors listed related to both the unit design
and the site have been provided in the applica-
tion. Site specifics, including seismology,
meteorology, geology, and hydrology, are presented
in Chapter 2.0 of the USAR. The exclusion area,
low population zone, and population center dis-
tance are provided and described. The USAR also
describes the characteristics of reactor design and
operation.

Exclusion areas have been established, as described
in Section 2.1. The low population zone has been
established in accordance with this requirement.

The USAR accident analyses, particularly these in
Chapters 6.0 and 15.0, demenstrate that .ffi4:t
docoes -rotsuiting froem pestulated acoidon-eto .:ud o
exceed tho criteria in this section of the
regulat ion.

Appendix A to 10 CFR Part 100 provides seismic and
geologic siting criteria for nuclear power plants.
Site suitability was determined at the construction
permit stage.

Appendix A

Rev. 3
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g. Energy Research & Consultants Corporation

This consultant reviewed design and operation of pumps
and other rotating equipment, including advising WCGS
during the bid evaluation for several pumps, and per-
forming tests necessary to evaluate the auxiliary feed-
water pumps.

h. Br. Jaffteq Ha;its _d

This consultant develo ed ca op e factrrs

dispersion par ametcrsor the control room fresh air
intake for use in control room accident do calcula-
tions.

i. Energy Incorporated

This consultant was engaged to assist the SNUPPS
utilities to develop an independent plant transient and
analysis capability using the RETRAN computer code.

j. Essex Corporation

This consultant was engaged to perform an independent
design evaluation of the SNUPPS control room,
emphasizing human factors considerations.

1.4.7.2 WCGS Specific Consultants

a. Dames & Moore

The independent consulting firm of Dames & Moore was
retained to perform site investigations relating to
demography, geography and land use, meteorology,
hydrology, geology and seismology. Having performed
such safety-realted and environmental impact related
investigations for over 75 nuclear power plant sites,
Dames & Moore is an acknowledged leader in the field of
site investigations related to nuclear plant
construction.

1.4-7 Rev. 0
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Table No.

2.3-44

2.3-45

2.3-46

2.3-47

2.3-48

2.3-49

2.3-50

2.3-51

2.3-52

2.3-53

2.3-54

2.3-55
Insert A - .3

2.3-56

2.3-57

2.3-58

LIST OF TABLES (Continued)

Title

Frequency of Change in Vapor Density Distribution
Due to Cooling Lake at Selected Receptors for
Data Period 6/1/74 - 5/31/75

Frequency of Change in Vapor Density Distribution
Due to Cooling Lake at Selected Receptors for
Data Period 3/5/79 - 3/4/80

Phase 1 Meteorological Instrumentation on Tower

Phase 2 Meteorological Instrumentation on Tower

Operational Meteorological Instrumentation on
Tower

Location of Meteorological Sensors at the
Permanent Meteorological Site

Wind Speed Transmitter True Vs. Indicated Air

Speed for Calculation of

Data Recovery Phase 1 (6/73 - 6/75) Atmospheric

Data Recovery Phase 2 (3/5/79 - 3/4/80) Dispersion Factors

Elevations of Instrumentation Used for / egional
Meteorological Measurements Results at Exclusion

Plant and Meteorological Parameters Area Boundary for
Release from Sources

Acident Ati Relative Con rationo near Reactor Building
(x/Q) for 3 Year Data F=jod ••r

A: n... ALua .... Relative Concentration$ Results at Low
(x/Q) fu= C,1,7] Lt ,/317,'4 Bata Feriod Population Zone for

Aecident At.mespheric Relative Concentration- Release from Sources
(x/Q) fr ...... 5'31/'75 Data Priod. near Reactor Building

Au~iGdenL Atniuspheriu Relative Concentrat'ons

tX/Q) EuI J3/ 7,' 7 !1 d4/ 80 Bete FeL-aa

2.3-59 Terrain/Recirculation Factors - St dard
Distances - Ground Release

2.3-59d Limiting Atmospheric Dispersio Factor, x/Q
(c~ /m

Results at Low Population Zone Results at Exclusion Area Boundary for
for Release.from RWST Release from RWST I

2.0O-x Rev. 25
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Table No.

Table 2.3-54a

Table 2.3-54b

Table 2.3-54c

Table 2.3-54d

Table 2.3-54e

Table 2.3-54f

Table 2.3-54g

Table 2.3-54h

Table 2.3-54i

Title

Joint Frequency Distribution (in percent of total hours) for Stability Class A

Joint Frequency Distribution (in percent of total hours) for Stability Class B

Joint Frequency Distribution (in percent of total hours) for Stability Class C

Joint Frequency Distribution (in percent of total hours) for Stability Class D

Joint Frequency Distribution (in percent of total hours) for Stability Class E

Joint Frequency Distribution (in percent of total hours) for Stability Class F

Joint Frequency Distribution (in percent of total hours) for Stability Class G

Wind Direction Occurrence Frequency

Wind Speed Occurrence Frequency
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Table No.

2.3-75

2.3-76

2.3-77

2.3-78

2.3-79

2.4-1

2.4-2

2.4-3

2.4-4

2.4-5

2.4-6

2.4-7

2.4-8

2.4-9

2.4-10

2.4-11

2.4-12

LIST OF TABLES (Continued)

Title

Annual Average Relative Concentration Analysis -
Special Distances - Ground Release 6/1/73 -

3/4/80
Relative Concentration (x/Q) at

Table Deleted Control Room Air Intake

Table Deleted

vnito of intake Kc Ithtt Wn Di4to UniAt-

Relative Concentration (x/Q) at Control Building q --A•TsI
Air Intake

Existing Gaging Stations in the Upper Neosho
River Basin

Geomorphological Characteristics of the Wolf
Creek Watershed

Generalized Section of Upper Geologic Formations
in the Region Surrounding the Site

Water Rights in Coffey County

Municipalities and Rural Water Districts in
Kansas Utilizing the Neosho River Downstream of
the Site

Peak Annual Stages and Discharges for Neosho
River at Burlington, Kansas (USGS Gage No.
01782510)

Peak Annual Stages and Discharges for the Neosho
River at Strawn, Kansas (USGS Gage No. 017824)

Estimated Annual Flood Peak Discharges for the
Neosho River Near Burlington at River Mile 343.7

Rainfall Intensity at the Plant Site for 100-Year
Storm and Probable Maximum Storm

Probable Maximum Precipitation at Plant Site

Probable Maximum Precipitation, Monthly and All-
Season High-Depth Duration Data

Probable Maximum Precipitation Storm Distribution
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CHAPTER 2 - LIST OF FIGURES
*Refer to Section 1.6 and Table 1.6-3. Controlled drawings were removed from the USAR at
Revision 17 and are considered incorporated by reference.

Figure # Sheet(s) Title Drawing #*
2.3-1 0 Regional Climatological Stations
2.3-2 0 Hail Reports, 1955-1967
2.3-3 0 Hail Reports by One-Degree Squares, 1955-1967
2.3-4 0 Hail Reports by Two-Degree Squares, 1955-1967
2.3-5 0 Tornado Reports by One-Degree Squares, 1955-

1967
2.3-6 0 Wind Gusts, 1955-1967
2.3-7 0 Wind Storms by One-Degree Squares, 1955-1967
2.3-8 0 Wind Storms by Two-Degree Squares, 1955-1967
2.3-9 0 Average Tracks by Cyclones
2.3-10 0 Seasonal Inversions and Isothermal Maps
2.3-11 0 Isopleths of Seasonal Mean Afternoon Mixing

Depths
2.3-12 0 Isopleths of Annual Mean Mixing Depths
2.3-13 0 Mixing Depth Episode Days
2.3-14 0 Forecast Days of High Air Pollution Potential
2.3-15 0 Wind Frequency Distribution in Percent - 3 Years

Combined
2.3-16 0 Wind Frequency Distribution in Percent - 6/1/73 -

5/31/74
2.3-17 0 Wind Frequency Distribution in Percent - 6/1/74 -

5/31/75
2.3-18 0 Wind Frequency Distribution in Percent - 3/5/79 -

3/4/80
2.3-19 0 Fogging and Icing Analysis Grid
2.3-20 0 Contiguous Building Arrangement One - Unit Plant
2.3-21 0 Topographic Features within 5 Miles of the Plant

Site
2.3-22 1-4 Topographic Cross Sections Within 5 Mile Radius

of the Site
2.3-23 0 Topographic Features Within 50 Miles of the Plant

Site
2.3-24 1-8 Topographic Cross Sections Within a 50-Mile

Radius of the Site
2.3-25 0 Meteorological Tower Plot Plan
2.3-26 0 Variation -of ,Mtak, KU With Wind • Di,• tien
2.4-1 0 General Arrangement
2.4-2 0 Main Dam and Appurtenant Structures

Replace with
"Deleted"
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TA - TW = 10 0 C

AT/AZ = -. 015 0 C/m (C stability)

The mixing depth (H) for this conservative case will not exceed approximately
20 meters. Since an elevated release from the 60-meter vent would not easily
penetrate to groundlevel through this inversion layer, X/Q values would
generally be lower than the present analyses.

Conclusion where only a ground-level release is considered

Only for Cases-2 -an 7 would analysis which considers the presence of the
cooling lake tend to be mo conservative than the existing analysis of
Sections 2.3.4 and 2.3.5. For Cases 1, 5, 8, and perhaps 6 the existing
analysis should be more conservative. OCase 2 is an elevated release.

Cases-2 and 7 will differ from the present analyses only in the immediate
vicinity of the cooling lake and then only for wind directions which would
produce the largest over-water fetch (i.e., N, S, NW, and SSE). From three
years of onsite data at 10- and 60-meter wind levels (Tables 2.3-29 and 2.3-30)
stable stability classes (E, F, and G) occur approximatel Hi8 percent of the
time and unstable classes (A, B, and C) occur approximate y -4 percent of the
time. 46

It is expected that over long averaging eriod the 'effect of Cases 1 and 8
will tend to balance the effect of Cases * and -. TIha short-trm accident
analyses p...s.nted in RThl 2.3 55 thr2ugh .2. 57 w sthtron; stable eases
r-Eulting fE C 8 Wi th-4 r-escet to Case 2, it is etpeetad that tih

vaimeq afa a gfouneiite lavlea 4!in a 5tbla ataapar

A preoperational fog monitoring program was used to evaluate the meteorological
impacts of the cooling lake. The purpose of the study was to document the
frequency of occurrence of natural fog (as opposed to fogs induced by the
operation of the cooling lake) along Highway 75 which is located from 0.5 miles
to 2.0 miles west of the cooling lake.

Table 2.3-29 shows that the predominant frequency of light wind (less than 3
meters per second) is from the sectors southeast through south. This
corresponds with the Dames & Moore Program FOGALL analyses which shows the
maximum increase in cooling lake induced fogging frequency along Highway 75 to
occur approximately 3 miles south through 2 miles north of New Strawn, Kansas.

2.3-35 Rev. 0
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c. Frequency distribution of the relative concentration;

d. Annual average values of relative concentration with
direction and distance.

2.3.3.7.3.2 Operational Program

The Operational Meteorlogical Program records and parameters identified in
Table 2.3-48. A description of data availability during plant operation is
provided in Section 2.3.3.1 above. The Operational Program meets the
requirements of Regulatory Guide 1.23

2.3.3.8 Regional Climatological Data

Regional climatological data concerning wind direction and wind speed were
based on measurements taken at Chanute Flight Service Station, Kansas, over the
period 1955-1964. Regional data concerning temperature, atmospheric water
vapor, and precipitation were based on measurements taken by the National
Weather Service over the period 1941-1978 at Topeka and Wichita, Kansas. The
elevations of the regional measurements are provided in Table 2.3-53.

,.,-IReplace the entire Section 2.,'
2.3.4 Short-Term (Accident) Diffusion Estimates lwith text oflnsert B

f objective of this section is to provide conservative estimates of
atmosp ic diffusion at both the site boundary and at the outer 1 s of the
low populat zlone (LPZ) for appropriate time periods up to ays and to
provide the shor r atmospheric dispersion factors ( for the postulated
accident analyses pres d in Chapter 15. The dision evaluations for the
short-term accident are basethe assumpt of a ground-level release
(i.e., no reduction in ground conc r ns due to elevation of the plume).
The plant parameters used in the cul ns are presented in Table 2.3-54.
Meteorological data used are scribed in the * nt frequency distributions of
wind speed, wind direc ,and of the WCSA atmosp *c stability presented in
Section 2.3.2

Table -59d lists the limiting X/Qs for the Wolf Creek site. The ailed
cedures used in the calculations are given in Section 2.3.4.2.

2.3-56 Rev. 5
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2.3.4 Short-Term (Accident) Diffusion Estimates

This section presents a re-evaluation of short-term diffusion estimates based on recent 5-year
meteorological data (2006-2010) and an updated methodology for atmospheric dispersion
estimates. The previous evaluation was based on 3-years of meteorological data taken from
6/1/1973 through 5/31/1975 and 3/5/1979 through 3/4/1980. The objective of this section is to
provide conservative estimates of atmospheric diffusion at both the exclusion area boundary
(EAB) and at the outer limits of the low population zone (LPZ) as well as at the air intake of the
control room and of the technical support center (TSC) for appropriate time periods up to 30
days and to provide the short-term atmospheric dispersion factors (x/Qs) for the postulated
accident analyses presented in Chapter 15. The diffusion evaluations for the short-term
accident are based on the assumption of a groUnd-level release (i.e., no reduction in ground
concentrations due to elevation of the plume). The plant parameters used in the evaluations are
presented in Table 2.3-54. Five consecutive years of hourly measured site-specific
meteorological data from January 1, 2006 to December 31, 2010 were used in the evaluations.
Meteorological data used are described in the joint frequency distributions of wind speed, wind
direction, and of the atmospheric stability class presented in Table 2.3-54a through 2.3-54i.
Five release sources including the unit vent stack, equipment hatch, MSSVs/ARVs vent,
TDAFW exhaust vent, and RWST were considered in the evaluations.

The evaluation of EAB and LPZ x/Qs was performed according to the methodology of
Regulatory Guide 1.145 Rev. 1 (Reference 50) using the PAVAN code (Reference 51). The
PAVAN code is a computer program specifically developed for the NRC for implementing the
Regulatory Guide 1.145 methodology for such calculations, A building wake effect and a site-
specific terrain correction factor are included in the calculation. The PAVAN model is based on
the straight-line Gaussian Dispersion Model.

Likewise, the evaluation of control room and TSC x/Qs was performed according to the
methodology of Regulatory Guide 1.194 (Reference 52) using the ARCON96 code (reference
53). The ARCON96 code is a computer program specifically developed for the NRC for
implementing the Regulatory Guide 1.194 methodology. The ARCON96 model is based on the
straight-line Gaussian dispersion model that takes into consideration the building wake effect.

Table 2.3-59d lists the limiting EAB and LPZ x/Qs for the Wolf Creek site. Tables 2.3-78 and
2.3-79 list the x/Qs for the control room air intake and for the TSC air intake, respectively.

2.3.4.1 Method for EAB and LPZ

The PAVAN method for determination of the atmospheric dispersion factor x!Q for site boundary
or offsite location is to calculate three different types of x/Q from the meteorological data input.
These three types of x/Q are (1) the maximum sector x/Q (described in section 2.3.4.1.1), (2)
the overall site x/Q (described in section 2.3.4.1.2), and the annual average x!Q (described in
section 2.3.4.1.3). Then according to Regulatory Guide 1.145, the 0 to 2-hour time period x/Q is
defined as the larger value between the maximum sector x/Q value and the overall site value.
The x/Q values for intermediate time periods including 0 to 8 hours, 8 to 24 hours, 1 to 4 days,
and 4 to 30 days are determined by logarithmic interpolation between the 0 to 2 hour period xIQ
value and the annual average x/Q value.

2.3.4.1.1 Maximum Sector x/Q

For each of the 16 downwind direction sectors, x/Q values were calculated for each combination
of wind speed category and atmospheric stability class at an EAB distance and an LPZ
distance. The x/Q values calculated for each sector are arranged in order from largest to
smallest, and the associated cumulative frequency distribution is derived based on the
frequency distribution of wind speed and stability class for that sector. The smallest x/Q value
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for the sector has a cumulative frequency of 100 percent for that sector. Then the 0.5 percent
x/Q value for the sector that corresponds to the cumulative frequency of 0.5 percent of the total
time of all sectors is determined by logarithmic interpolation. Such 0.5 percent x/Q values are
calculated for all 16 sectors. Then the maximum sector x/Q value is selected from the
maximum value of the 16 sectors.

2.3.4.1.2 Overall Site x/Q

PAVAN calculates the overall site x/Q value by combining x/Q values from all wind sectors into
a cumulative frequency distribution for the entire site. Then the overall site X/Q value is selected
from the value that corresponds to 5.0 percent of the total time.

2.3.4.1.3 Annual Average x/Q

The annual average x/Q value is calculated in PAVAN by using a long-term continuous release
model (as opposed to short-term release) described in Regulatory Guide 1.111. In this model,
the plume horizontal dispersion is assumed to be evenly distributed to fill the entire width of the
22.5-degree wind sector.

2.3.4.2 Results of Short-Term Diffusion Estimates for EAB and LPZ

The x/Q results that account for the building wake effect due to the reactor building are
presented in Table 2.3-55 for the EAB and in Table 2.3-56 for the LPZ. These results are
applied to most release sources including the unit vent stack, equipment hatch, MSSVs/ARVs
vent, and TDAFW exhaust vent. These release sources are located within close proximity of
the reactor building and would be impacted by the wake effect of the reactor building. For a
release from the RWST, another set of x/Q calculations that only accounts for the wake effect of
the RWST itself is presented in Table 2.3-57 for the EAB and in Table 2.3-58 for the LPZ.

According to Regulatory Guide 1.145, the x/Q value for use in the dose assessment is the larger
of the maximum sector x/Q value and the overall site value. This is presented in Table 2.3-59d
as limiting x/Q values. These limiting x/Q values are associated with RWST as the release
source. The RWST release source bounds all other sources. The difference between the
RWST source and other sources is the building wake effect. The RWST source has less
building wake effect than other potential sources.

2.3.4.3 Control Room and Technical Support Center Air Intake

Atmospheric dispersion factors (x/Q, sec/m 3) were calculated for the air intake of the control
room and the technical support center (TSC) from the following release sources: (1) Equipment
Hatch, (2) Unit Vent Stack, (3) MSSVs/ARVs Vent, (4) RWST Vent, and (5) Turbine-Driven
AFW Exhaust Vent. The calculation was performed with the ARCON96 code (Reference 53).
ARCON96 is an NRC accepted methodology for determining atmospheric dispersion factors
(x/Q) in the design basis accident evaluations of control room radiological consequences.
ARCON96 is a computer program for calculating atmospheric relative concentrations in plumes
in building wakes under a wide range of situations. ARCON96 implements a straight-line
Gaussian dispersion model with dispersion coefficients that are modified to account for low wind
meander and building wake effects. The contiguous building arrangement is shown in Figure
2.3-20. Hourly, normalized concentrations (x/Q) were calculated from hourly meteorological
data collected during a 5-year period from January 1, 2006 to December 31, 2010. The hourly
values are averaged to form x/Q's for periods ranging from 2 to 720 hours in duration. The
calculated values for each period are used to form cumulative frequency distributions and 95th
percentile x/Q values. The input parameters to the ARCON96 code were prepared according to
the guidance on the use of ARCON96, as discussed in Regulatory Guide 1.194 (Reference 52)
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and are summarized in Table 2.3-54. All release sources were treated as a point source,
ground level release in the calculation.

The results for all source-receptor pairs of the 9 5 th percentile x/Q values averaged over periods
of 0-2 hr, 2-8 hr, 8-24 hr, 1-4 days, and 4-30 days are given in Table 2.3-78 for the control room
and in Table 2.3-79 for the TSC.
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2.3.4.1 Diffusion Model for 0-2 Hours

Th analytical procedure for evaluating the 0-2 hour accident period is ba ed
on revision of the model described in Regulatory Guide 1.3. The changs
refle t variations in atmospheric diffusion factors that occur as a fu tion of
wind di ection and variable site boundary distance. Allowances are m de for
meanderi plumes during light winds and stable atmospheric conditi s. The
new approa is described in Regulatory Guide 1.145.

The model is * stance and direction dependent. Variability of ind direction
frequency was c sidered in determining the relative concent tion (X/Q)
values. The hour X/Q values were determined as described elow.

During neutral (D) o stable (E, F, or G) atmospheric s bility conditions when
the windspeed at the 1-meter level is less than 6 met rs per second,
horizontal plume meande can be considered. X/Q val s were determined through
selective use of the foll ing set of equations fo ground-level relative
concentrations at the plume centerline:

X/Q = - 1 [2.3-27]
U10 (PsyS + A/2)

1

where:

X/Q =

3=

Sy

wie 10-meter le
which the plume

X/Q = - 1 [2.3-28]
ul 0 (3psysz)

X/Q = 1 [2.3-29]

U1 0 Y~s
y

rela ve concentration, in sec/m3,

4159,

windspeed at 10 meters above plant grade,* in
m/sec,

lateral plume spread, in m, at a given distance
and stability based on logarithmic curves in Reg.
Guide 1.145,

vel is representative of the depth through
is mixed with building wake effects.
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z = vertical plume spread, in m, at a given distance
and stability based on logarithmic fit of NRC
curves in Reg. Guide 1.145,

Sy = lateral plume spread with meander and building
wake effects, in m, a function of atmospher'

st ility, windspeed ul 0 , and distance. For distanc s of
800 eters of less, y = Msy. For distances great r than
800 me ers,

S y = (M - 1) Sy800m + sy [2.3-30]

A = the s llest vertical-plane cross ectional area
of the eactor building, in m2

X/Q values were calculated ing equations 2 -27, 2.3-28, and 2.3-29. The
values from equations 2.3-27 d 2.3-28 we compared and the higher value
selected. This value was compa d with e value from Equation 2.3-29 and the
lower value of these two was sele ed the appropriate X/Q value.

During all other meteorological con 1 ions (unstable (A, B, or C) atmospheric
stability and/or 10-meter level wl d-s eds of 6 meters per second or more),
plume meander was not considere . The a ropriate X/Q value was the higher
value calculated from Equatio 2.3-27 or 2. -28.

Plume meander was account for by modifying te lateral diffusion coefficient
SYin accordance with e ation 2.3-30. The mean er function (M) is calculated

as explained below:

1. For Pasqul 1 Stabilities A-C at all wind spe s or all
stabili es when wind speed >6 mps, M = 1;

2. For id speed <2 mps, M is independent of wind s ed and
va 'es in the following manner:

Stability D, M =2;
Stability E, M = 3;
Stability F, M 4;
Stability G, M =6;

3. For wind speeds greater than 2 mps but less than 6 mps, M
is determined from Figure 3 of Regulatory Guide 1.145.

2.3-58 Rev. 1



WOLF CREEK Inser B

An hourly observation is considered to be calm if the wind speed is less tha
e starting speed (threshold) of the wind instruments. For calm condition a

wi speed is assigned equal to the vane or anemometer starting speed,
whic ever is higher. A wind direction is assigned in proportion to the
direc 'onal distribution of the lowest non-calm wind speed group for ch
atmosph ic stability class.

2.3.4.1.1 clusion Area Boundary

The sector X/Q alues at the exclusion boundary are determin for each sector.
These are define as the X/Q values that are exceeded 0.5 p rcent of the total
time. To extract is value, the hourly /Q values are s rted according to
sector and magnitude. A cumulative probability distrib ion or X/Q values can
easily be constructed.

•rank of X/Q [2.3-31]
P(X/Q) = X/ population size

P(X/Q) is the probability of beng exceeded. For example, the 10th largest
value of a 100-value population h a prob ility of being exceeded 10/100 or
10 percent. The highest of the 16 ector X/Q values is defined as the maximum
sector X/Q value.

2.3.4.1.2 Outer LPZ Boundary

Sector X/Q values are determine for the ou r LPZ for 8 and 16 hours and 3 and
26 days. The average /Q valu s for the vari s time periods are approximated
for each sector by a logarit ic interpolation etween the 2-hourly sector1 X/Q
values (same general metho as in Section 2.3.4. .1) and the annual average
X/Q (see Section 2.3.5) the same point. The hi est of the 16 sector X/Q
values are identified r each time period.

2.3.4.1.3 Five and ifty Percent Overall Site X/Q Value

The X/Q values at are exceeded no more than 5 and 50 perce t of the total
time around th exclusion area boundary and the outer LPZ bou ary are
determined i a manner similar to the 0.5 percent sector X/Q va es. All of
the hourly /Q values were sorted according to magnitude (indepen nt of the
directio and the 5 and 50 percent values chosen from the list. r the same
time p iods used in Section 2.3.4.1.2, the 5 and 50 percent X/Q valu s

The X/Q's are based on 1-hour averaged data, but are assumed
to apply for 2 hours.
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are determined by logarithmic interpolation between the maximum annual averae
Q values at the LPZ distance and the LPZ 2-hour 5 and 50 percent X/Q vale.

2.3. 2 Results of Short-Term Diffusion Estimates

Two-hour /Q values were computed at the exclusion zone boundary ( 00 m) and
X/Q values or 2-, 8-, 16-, 72-, and 624-hour postulated acciden periods were
computed at e LPZ (4023 m). The computations were based on site
meteorological ata for three one-year data sets; June 1, 19 through May 31,
1975, and March 1979 through March 4, 1980. An analysi was also performed
for the 3 years of ata combined.

Results of the analysi for each data set and the co ined three-year period
are presented in Tables 3-55 through 58. Each t le presents the greatest
0.5 percent 0-2 hour X/Q v ues for each of the sectors at the exclusion
zone boundary (1200 m) and t greatest 0.5 pe ent 2-, 8-, 16-, 72-, and 624-
hour X/Q values for each of th 16 sectors a the LPZ (4023 m). The highest
sector value for each accident piod is a erisked to clarify the maximum
sector X/Q value at the exclusion ne b ndary and the LPZ for each accident
period. Also presented in each table e the greatest 0-2 hour 5 and 50
percent X/Q values at the exclusion boundary and the greatest 5 and 50
percent X/Q values for each accide per d at the LPZ.

The highest 0.5 percent 2-hour /Q values at he exclusion zone boundary was
1.5 x 10-4 for all 3 individ 1 years and for te 3 years combined. The
highest values occurred in he northwest through orth sectors. The maximum
sector X/Q at the LPZ fr this data set was 5.0 x 0- sec/m3 in the northwest
sector for the data pe od March 5, 1979 through Mar 4, 1980. The highest 5
and 50 percent 2-hou X/Q values resulted from the ana sis of the March 5,
1979 through March , 1980 data set. The greatest 5 and 0 percent X/Q values
were 4.5 x 10-5 dm3 and 5.0 x 10-6 sec/m3 for the LPZ an 1.5 x 10-4 sec/m3
and 2.8 x 10- ec/m3 for the exclusion zone boundary, respec ively.

2.3.4.3 C trol Room Intake

The ba c model employed for the distribution of relative concentrat s (X/Qs)
with' a building wake at WCGS control room intakes following an accide tis
giv n by Reference 17 to be:

X/Q =-A (1)
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Where A = reference cross-sectional building area, m2

V = reference wind speed, m/sec

Kc = nondimensional concentration coefficient

Kc is a unction of nondimensional space coordinates x/L, y/L, nd z/L,
building c nfiguration, wind direction, and source configurat'on. The Kc field
for a given uilding configuration, source configuration, a wind direction is
considered to e invariant. Accordingly, Kc values deter ned by wind tunnel
tests with a mo 1 structure are expected to be the same as those that would be
obtained with a g metrically similar building in the ull-scale atmosphere in
the same wind direc ion, with a similar leak. The c tiguous building
arrangement is shown n Figure 2.3-20. The Kc da used in the analysis for
low level release are esented in Figure 2.3-25 nd were derived from two sets
of tests. One used rect gular prisms (Ref. 18 , the other used a model of the
EBR-II complex (Ref. 17). oth tests were de cribed and portions of the data
presented in Reference 35. e Kc data for he unit vent release from the top
of the containment were extrac ed from Fi re 10 of Reference 17 and are
presented in Table 2.3-78. The alue o A used in conjunction with Kc in
Figure 2.3-2 and Table 2.3-78 is e W GS equivalent of the EBR-II area, A =

1.12 D2 = 2280 m2 with the diameter the reactor D = 45.1m.

The value of V used in conjuncti with igure 2.3-25 is the mean velocity of
the approach flow at an elevat' n corresp nding to the anemometer elevation of
the EBR-II model tests. Refe ence 3 report this elevation to be 62 feet or
0.77D above the top of the ome. The WCGS e ivalent height becomes 63.4 +
0.77 x 45.1 = 98.1m above round. The V value were obtained by extrapolating
wind speeds at anemomet elevations equivalent 98.1 meters by the powerlaw. /

u= ean speed at elevation z1 , i/sec

z -anemometer elevation at a given site, m

n =atmospheric stability exponent

lues of n were arbitrarily assumed for the various stability classes a
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u-• ill Stability Class A B C D E F•
0.2 0.25 0 2 . 3. 0 .0.60

meteorologi a Thcorsodnhihs5peetcent, 20

.and 40 percent X/Q values are given in Table 2.3-79.

2.3.5 LONG-TERM DIFFUSION ESTIMATES

The objective of Section 2.3.5 is to provide realistic estimates of annual
average release atmospheric transport and diffusion characteristics to a
distance of 80 km (50 miles) from the plant for annual average release limit
calculations and man-rem estimates. The terrain within 50 km (31 miles) of the
site is essentially flat becoming gently rolling to 80 km (50 miles). No
important ranges of hills or mountains are within the region. No substantial
water bodies are present, which are large enough to affect ambient dispersion
parameters.

The analyses were based on on-site meteorological data over the periods June 1,
1973 through May 31, 1975 and March 5, 1979 to March 4, 1980.

2.3.5.1 Calculations

Both the PUFF and straight-line Gaussian dispersion models, described in
Regulatory Guide 1.111, were used for determination of annual average diffusion
estimates.

2.3.5.1.1 PUFF Model

The Equation for the PUFF model, as specified by Regulatory Guide 1.111 is:

X/= 2[(2p)+ e , j [2.3-321

where:

r2= (x - ut)2 + y2 ; and

CH = y= ax
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TABLE 2.3-54

PLANT AND METEOROLOGICAL PARAMETERS
KANSAS GAS & ELECTRIC COMPANY
WOLF' CREEK GENERATING STATION

Parameter Measur ent

Height of Containment Building 6 .41 m

Plant Vent Height 66.45 m

Area of Reactor Buildin 2650 m2

Building Shape Factor 0.5

Stack Diameter 2.11 m

Stack Gas Exit Velocit 10 m/sec

Plant Grade Elevati 1 99.5 ft
(3 .2 m) MSL

Anemometer St ting Speed Threshold 0.33 /sec

Height of ixing Layer 870 rn abov grade

Meteor ogical Data Period (On Site) 6/1/73 through
5/31/75

and 3/5/79 through
3 /4/80

Replace this table
with the updated
Table 2.3-54 and
insert Tables
2.3-54a through
2.3-54i

Rev. 0



Table 2.3-54

Plant and Meteorological Parameters for Calculation of Atmospheric Dispersion Factors

Release Source

Turbine-
Parameter Driven

Hatch Unit Vent MSSVs/ARVs RWST Vent AFW

Stack Vent Exhaust
Vent

Meteorological Data 1/1/2006 through 12/31/2010
Period

Height of Lower Wind 13.47 rn
Speed Instrument

Height of Upper Wind 63.4n m
Speed Instrument

Release Type Ground

Release Height 17.37 m 66.25 m 34.29 m 17.39 in 13.87 mi

To 17094 mr•
Control 2649 rn' (reactor building area) 2649 mr

Building Wake Room (RWST area)
Effect Area

To TSC 2649 mFn

Height of Reactor Building 63.66 m

Height of RWST 14.02 m

Direction to Source from 1 111 90 153 89ý
Control Room

Equivalent Horizontal
Distance to Control Room 113.17 in 79.01 m 75.66 mi 101.71 m 111.95 i1

Air Intake

Direction to Source from 222 232 243 222 241
TSC

Equivalent Horizontal
Distance to TSC Air 124.28 m 129.29 m 108.26 m 187.33 m 106.67 m

Intake
Control Room Air intake 6.10 m

Height

TSC Air Intake Height 2.84 m



Table 2.3-54a Joint Frequency Distribution (in percent of total hours) for Stability Class A

Atmospheric Stability: Class A
Period of Record: January 1, 2006 to December 31 2010

(based on lower wind speed instrument)

Maximum Wind Direction
Wind Speed

(mrs) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

0.34 0.000 0.000 0.000 0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.50 0.000 0.000 0.000 0.000 0.000 0,000 0.0 0.000 0.000 0,000 0.000 0.000 0.0 0.000 0.000 0.0 0.000

0.75 0.000 0.000 0.000 0.0 0,000 0,002 0,000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.002 0,000 0.005

1.00 0.002 0.000 0.005 0.002 0.000 0.000 0.000 0.000 0.002 0,002 0.000 0.000 0.000 0.000 0.000 0.000 0.015

1.25 0.000 0.002 0.010 0.000 0,002 0,000 0,000 0.005 0.000 0M0 0,000 00 00 0,000 0,000 00002 0U022

1.50 0.000 0.002 0.002 0,002 0.002 0.010 0.005 0.007 0.002 0.002 0.010 0.005 0.002 0.005 0.002 0M002 0.065

2.00 0.020 0.025 0.012 0.007 0.020 0,007 0.015 0.030 0.005 0.007 0.012 0.017 0.005 0,015 0.007 0.005 0.212

3.00 0.070 0.075 0.105 0.082 0.082 0.050 0,050 0,107 0.057 0,035 0,045 0,042 0.080 0.057 0.047 0,062 1.048

4.00 0.080 0.102 0.152 0.120 0.127 0.142 0.147 0.314 0.195 0.075 0.090 0.055 0.095 0.070 0.067 0.090 1.922

5.00 0.100 0.110 0.070 0.047 0.097 0,135 0.132 0.469 0.377 0.190 0.172 0.072 0.087 0.077 0.077 0.110 2,324

6.00 0.107 0.032 0.035 0.025 0.040 0.092 0.122 0,349 0.579 0.255 0,152 0,037 0.057 0.040 0.100 0,177 2.201

8.00 0.150 0,035 0.010 0.022 0.045 0.050 0.142 0.384 0.826 0.522 0.070 0.040 0.130 0,092 0.207 0,277 3.003

10.00 0.042 0.020 0.000 0.000 0.005 0.005 0.010 0.132 0.412 0.165 0.005 0.017 0.037 0,062 0.122 0.177 1.213

44,70 0.020 0.000 0.000 0.000 0.000 0.000 0.005 0.027 0.115 0.030 0,002 0.012 0,035 0,085 0,050 0,022 0.404

Total 0,59 0.40 0,40 0.31 0.42 0.49 0.63 1.83 2.57 1.28 0.56 0.30 0.53 0.50 0.68 0.93 12,43



Table 2.3-54b Joint Frequency Distribution (in percent of total hours) for Stability Class B

Atmospheric Stability: Class B
Period of Record: January 1, 2006 to December 31, 2010

(based on lower wind speed instrument)

Maximum Wind Direction
Wind Speed

(m/s) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

0.34 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0l00 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000

0.50 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000

0.75 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002

1.00 0.000 0.002 0.000 0.000 0.002 0.000 0.000 0.000 0.002 0.002 0.000 0.002 0.002 0.000 0.000 0,000 0.015

1.25 0.002 0.000 0.002 0.002 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.002 0.000 0.015

1.50 0.002 0.002 0.002 0.005 0.007 0.005 0.007 0.002 0.000 0.000 0.005 0.002 0.000 0.000 0.000 0.010 0.052

2.00 0.012 0.010 0.015 0.022 0.012 0.010 0,012 0.022 0.012 0.002 0.005 0.027 0.007 0.027 0.015 0.015 0.230

3.00 0.055 0.070 0.125 0.060 0.062 0.072 0.052 0.122 0.102 0,035 0.035 0,040 0,045 0.020 0.037 0,055 0.988

4.00 0,060 0.090 0.077 0.072 0.082 0.075 0.072 0.155 0.145 0,072 0.037 0.037 0.032 0.030 0.035 0.065 1.138

5.00 0.092 0.065 0.015 0.045 0.040 0.050 0.062 0.140 0.162 0.072 0.060 0.032 0.032 0.017 0.047 0.085 1.018

6.00 0.050 0.030 0,007 0,005 0,027 0,022 0.037 0,055 0.112 0.122 0.032 0,007 0.030 0,020 0,060 0,082 0.701

8.00 0.060 0.020 0.002 0.010 0.005 0.012 0.047 0.087 0.160 0.160 0.020 0.015 0.027 0.050 0.115 0.137 0.928

10.00 0.040 0.005 0.000 0.000 0.000 0.002 0,007 0.030 0.087 0.060 0.002 0.005 0.022 0.037 0.087 0.107 0.494

44.70 0.017 0.000 0.000 0.000 0.002 0.000 0.007 0.015 0,037 0.025 0.000 0,015 0.012 0.047 0.040 0.010 0.230

Total 0.39 0.29 0.25 0.22 0.24 0.25 0.31 0.63 0.82 0.55 0.20 0.19 0.21 0.25 0.44 0,57 5,81



Table 2.3-54c Joint Frequency Distribution (in percent of total hours) for Stability Class C

Atmospheric Stability: Class C
Period of Record: January 1, 2006 to December 31. 2010

(based on lower wind speed instrument)

Maximum Wind Direction
Wind Speed

(mIs) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

0,34 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000

0.50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000

0.75 0.000 0.000 0.000 0.000 0,000 0,000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.002

1.00 0.002 0.002 0.000 0.002 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.002 0.000 0.000 0,002 0.000 0.015

1.25 0.007 0.007 0.000 0.002 0.002 0.002 0.002 0.012 0.005 0.000 0.000 0.002 0.005 0.002 0.005 0.002 0.060

1.50 0.002 0,010 0.010 0.002 0.010 0.005 0,015 0.010 0.005 0.002 0.000 0.007 0.007 0.015 0.010 0.002 0.115

2.00 0.010 0.020 0.030 0U012 0,030 0.027 0,020 0,037 0.022 0.020 0.010 0.020 0.012 0.017 0.007 0.007 0.305

3.00 0.047 0.100 0.085 0.070 0.097 0.070 0.085 0.187 0.100 0.042 0.040 0.040 0.032 0.045 0.037 0.050 1.128

4.00 0.100 0.075 0.075 0.117 0.080 0.062 0.050 0.145 0.167 0.080 0.052 0.045 0.060 0.035 0.075 0.067 1.285

5,00 0.100 0.047 0.017 0.050 0,050 0,045 0.035 0.072 0.152 0.102 0.027 0.022 0.022 0.032 0.045 0.077 0.899

6.00 0.097 0.015 0.015 0.012 0,040 0.045 0,067 0.082 0.082 0.130 0.025 0.007 0.020 0.032 0.067 0.105 0.844

8.00 0.090 0.032 0.000 0.012 0.022 0.015 0.035 0.095 0.135 0.170 0,017 0.025 0.025 0.060 0.105 0.140 0.978

10.00 0.055 0.002 0.000 0.000 0.005 0,002 0.012 0.035 0.070 0.080 0.012 0.010 0.007 0.050 0.095 0.067 0.504

44,70 0.005 0.000 0.000 0.000 0.002 0.000 0.002 0.010 0.040 0.015 0.002 0.002 0.010 0.022 0.037 0.012 0.162

Total 0.52 0.31 0.23 0.28 0.34 0.27 0.33 0.69 0.78 0,64 0.19 0.18 0.20 0.31 0.49 0.53 6.30



Table 2.3-54d Joint Frequency Distribution (in percent of total hours) for Stability Class D

Atmospheric Stability: Class D
Period of Record: January 1, 2006 to December 31, 2010

(based on lower wind speed instrument)

Maximum Wind Direction
Wind Speed 

_ _(m/s) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

0,34 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002

0.50 0,000 0.000 0,000 0.000 0.002 0.002 0.000 0,000 0.002 0,000 0.000 0,000 0.000 0.000 0,000 0.000 0,007

0.75 0.005 0.010 0.027 0.005 0.015 0.005 0.005 0.002 0.000 0.002 0.007 0.002 0.002 0.005 0.000 0.002 0.097

1.00 0.010 0.047 0.045 0.022 0.010 0,022 0.012 0,010 0.002 0.002 0.007 0.002 0.000 0.007 0.002 0.007 0.212

1,25 0.022 0.045 0.050 0.025 0,035 0.022 0,027 0,022 0,022 0.010 0.012 0.015 0.007 0.005 0.007 0,025 0.354

1.50 0.020 0.050 0.067 0.045 0.042 0.020 0.032 0.050 0.030 0.015 0.025 0.030 0.010 0.015 0.012 0.030 0.494

2.00 0.085 0.130 0.167 0.155 0.102 0.097 0.140 0.125 0.077 0.060 0.092 0.085 0.045 0.035 0.042 0.070 1.508

3.00 0.295 0.409 0.532 0.384 0.334 0.369 0,290 0,317 0.359 0.212 0.272 0.132 0.135 0.102 0.130 0.305 4.578

4.00 0.494 0.309 0.384 0.474 0,392 0.374 0.414 0.659 0.524 0.404 0.232 0.155 0.172 0.195 0.362 0.474 6.020

5.00 0.542 0.297 0.165 0.252 0,255 0.280 0.429 0.689 0.726 0.474 0.115 0.095 0.192 0.267 0.484 0.544 5.806

6.00 0.492 0.212 0.040 0.115 0.192 0.190 0.295 0.624 0.884 0.389 0.112 0,075 0.145 0.257 0.442 0.609 5.072

8.00 0.794 0.152 0.020 0.077 0.162 0.125 0.217 0.696 1.248 0.534 0.035 0.095 0.205 0.404 0.729 1.101 6.594

10.00 0.297 0.052 0.000 0,005 0.030 0.010 0.042 0.282 0,547 0.242 0.017 0.060 0.077 0.175 0.339 0.507 2.683

44.70 0.097 0.000 0.002 0.000 0.005 0.000 0,020 0.097 0.297 0.077 0.010 0.012 0.020 0.052 0.125 0.102 0.919

Total 3.15 1.72 1.50 1.56 1.58 1,52 1.92 3.57 4,72 2.42 0.94 0.76 1.01 1.52 2.68 3.78 34.35



Table 2.3-54e Joint Frequency Distribution (in percent of total hours) for Stability Class E

Atmospheric Stability: Class E

Period of Record: January 1, 2006 to December 31, 2010

(based on lower wind speed instrument)

Maximum Wind Direction
Wind Speed

(m/s) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

0,34 0.000 0.000 0.000 0.000 0.000 0,000 0.00.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0,002

0.50 0.002 0.000 0.007 0.002 0,002 0.000 0.002 0.005 0.000 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.027

0,75 0.005 0.015 0.012 0.012 0,007 0,005 0.007 0.002 0.002 0.005 0.000 0.000 0.005 0.005 0,005 0.005 0.095

1.00 0.030 0.035 0.037 0.025 0.010 0.010 0,007 0.017 0.007 0.015 0.000 0.010 0.002 0.005 0.005 0.015 0.232

1.25 0.050 0.042 0.050 0.050 0.045 0.030 0.032 0.002 0.017 0.012 0.020 0.007 0.005 0.000 0.012 0.017 0.394

1.50 0.050 0.077 0.065 0.045 0.070 0.072 0.057 0.022 0.007 0.020 0.037 0.012 0.010 0.007 0.020 0.025 0.599

2.00 0.155 0.117 0.160 0.175 0.157 0.207 0.155 0.097 0.052 0.090 0,155 0.062 0.025 0.022 0.042 0.115 1.787

3.00 0.245 0.187 0.245 0.369 0.432 0.459 0.547 0.599 0.407 0.260 0.414 0.140 0.187 0.140 0.285 0.387 5.301

4.00 0.312 0.125 0.115 0.182 0,282 0.422 0.686 1.051 0.674 0.434 0.202 0.132 0.197 0.225 0.377 0.417 5.833

5.00 0.195 0.065 0.027 0.107 0,175 0.260 0.454 1,113 0.809 0.437 0.072 0.100 0.107 0.167 0.250 0.302 4.640

6.00 0.120 0.027 0.010 0.080 0.110 0.150 0.215 0.764 0.614 0.175 0.040 0.037 0.042 0.042 0.115 0.162 2.703

8.00 0.107 0.035 0.007 0.007 0,032 0.055 0.152 0.923 0.824 0.200 0.020 0.015 0.007 0,015 0.050 0.097 2.548

10.00 0.005 0.002 0.002 0.000 0.002 0.010 0.030 0.267 0.354 0.085 0.012 0.007 0.010 0.002 0.005 0.012 0.809

44.70 0.010 0.000 0.000 0.002 0.000 0.005 0.020 0.065 0.235 0.017 0.002 0.002 0.000 0.000 0.000 0.000 0.359

Total 1.29 0.73 0.74 1.06 1.33 1.68 2.37 4.93 4.00 1.75 0.98 0.53 0.60 0.63 1.17 1.56 25.33



Table 2.3-54f Joint Frequency Distribution (in percent of total hours) for Stability Class F

Atmospheric Stability: Class F
Period of Record: January 1, 2006 to December 31, 2010

(based on lower wind speed instrument)

Maximum Wind Direction
Wind Speed

(mIs) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

0.34 0.001 0.002 0.002 0,001 0.001 0.001 0.001 0.001 0.000 0.000 0.001 0.001 0.000 0.000 0.001 0.001 0.012

0.50 0.005 0.005 0.002 0.007 0,000 0.007 0,000 0.000 0.002 0.002 0.002 0.000 0,000 0.000 0.000 0.000 0.035

0.75 0.002 0.017 0.022 0.015 0.002 0.005 0.002 0.007 0.002 0.000 0.010 0.005 0.005 0.005 0.005 0.0G5 0.112

1.00 0.022 0.032 0.037 0.010 0.027 0,022 0.012 0.010 0.005 0.007 0.007 0.015 0.007 0.010 0.015 0.007 0.250

1.25 0.020 0.047 0.057 0.022 0.027 0,030 0.020 0.020 0.020 0.015 0.015 0.012 0.005 0.010 0,012 0,025 0.359

1.50 0.035 0.072 0.062 0.042 0.075 0.037 0,027 0.042 0.012 0.005 0.022 0.007 0.002 0,015 0.022 0.027 0.509

2.00 0.110 0.125 0.132 0.145 0.197 0.197 0.305 0.090 0.032 0.032 0.057 0.020 0.010 0.030 0.075 0.092 1.650

3.00 0.245 0.162 0.122 0.487 0.447 0.552 0,607 0.389 0.147 0.112 0.112 0.045 0.047 0.037 0,210 0.277 3.999

4.00 0,160 0.082 0,040 0.100 0.145 0.160 0.275 0.437 0.212 0.112 0.032 0.027 0.032 0.020 0132 0.167 2.134

5.00 0.032 0.007 0.000 0.012 0.017 0.015 0.080 0.207 0.175 0.067 0.010 0.015 0.007 0.005 0.010 0.050 0.711

6.00 0.007 0.000 0.000 0.000 0.010 0.002 0.020 0.100 0.110 0.037 0.000 0,002 0.000 0.000 0.002 0.010 0.302

8.00 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.060 0.075 0.007 0.002 0,002 0.000 0.000 0.000 0.002 0.155

10.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.027 0.002 0.005 0.000 0.000 0.000 0.000 0.000 0.042

44.70 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.002 0.000 0.000 0.000 0,000 0.000 0.000 0.010

Total 0.64 0.55 0.48 0.84 0,95 1.03 1.35 1.37 0.83 0.40 0.28 0.15 0.12 0.13 0.48 0,66 10,28



Table 2.3-54g Joint Frequency Distribution (in percent of total hours) for Stability Class G

Atmospheric Stability: Class G
Period of Record: January 1, 2006 to December 31, 2010

(based on lower wind speed instrument)

Maximum Wind Direction
Wind Speed

(m/s) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

0.34 0.001 0.001 0.001 0.001 0,001 0,000 0,000 0,000 0.000 0.000 0,000 0,000 0.000 0.001 0.000 0.001 0.007

0.50 0.007 0.005 0.005 0.000 0.005 0.000 0.000 0.002 0.002 0.002 0.005 0.000 0.002 0.002 0.000 0.000 0.040

0.75 0.012 0.007 0,015 0.010 0.005 0,010 0,007 0,005 0.000 0.002 0.005 0,005 0.002 0.005 0.002 0.012 0.107

1.00 0.010 0.025 0.012 0.012 0.017 0.010 0.012 0.000 0.000 0.010 0.002 0.012 0.007 0.017 0.012 0.017 0.180

1.25 0.020 0.042 0.040 0.022 0.017 0.020 0.015 0.012 0.010 0.007 0,002 0.005 0.002 0.017 0.017 0.045 0.297

1.50 0.035 0.062 0.062 0.012 0.027 0.037 0.020 0.010 0.002 0.007 0.012 0.005 0.010 0.007 0.025 0,032. 0.369

2.00 0.082 0.225 0.137 0.050 0.152 0.162 0.115 0.040 0.012 0.015 0.017 0.007 0.005 0,042 0,050 0.102 1.216

3.00 0.182 0.187 0.150 0.280 0.319 0.404 0.309 0.132 0.087 0.015 0.040 0,007 0.002 0.025 0.125 0.172 2.439

4.00 0.040 0.050 0.022 0.072 0.055 0.067 0.027 0.097 0.072 0.005 0.020 0.002 0.002 0.005 0,055 0.092 0.686

5.00 0.015 0.005 0.000 0.002 0.005 0,002 0.007 0.025 0.015 0.005 0.007 0.000 0.000 0.000 0.002 0.012 0.105

6.00 0.000 0.002 0.000 0.000 0.002 0.002 0.002 0.002 0.012 0.002 0.002 0.000 0.000 0.000 0.000 0.002 0.032

8.00 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.010 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.015

10.00 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.002 0.000 0,000 0.000 0.000 0.000 0.000 0.002

44.70 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Total 0.40 0.61 0.45 0.46 0.61 0.72 0.52 0.34 0.22 0.08 0.11 0.05 0.04 0.12 0.29 0.49 5,50



Table 2.3-54h Wind Direction Occurrence Frequency

Period of Record: January 1, 2006 to December 31, 2010

(based on lower wind speed instrument)

Wind Direction N NNE NE ENE E ESE SE SSE S SSW SW 'WSW W WNW NW NNW

Frequency 7.0 4.6 4.0 4.7 5.5 6,0 7.4 13.4 13,9 7.1 3.3 2.2 2.7 3.5 6.2 8.5

Total Frequency = 100

Table 2.3-54i Wind Speed Occurrence Frequency

Period of Record: January 1, 2006 to December 31, 2010

(based on lower wind speed instrument)

Maximum Wind Speed (m/s): 0.34 0.50 0.75 1.00 1.25 1.50 2.00 3.00 4.00 5.00 6.00 8.00 10.00 44.70

Wind Speed Frequency: 0.02 0.11 0.42 0.92 1.50 2.20 6.91 19.48 19.02 15.50 11,86 14.22 5.75 2.08

Total Frequency = 100
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TABLE 2.3-55

'MOSPHERIC RELATIVE CONCENTRATIONS (X/Q)a
FOR 3-YEAR DATA PERIOD

Low Population Zone Circular (4023
Affected

Sector
Time I-,'7

2-Hr 2 lkr 8-Hr 16-Hr 72 -)H 624-Hr Remarks

NNE 1.OE-04 2.9E-05 1.3E-05 8.3E-06 .4E-06 9.3E-07 Highest 0.5%
NE 7.6E-05 1.9E-05 9E-06 5.1E-06 1.9E-06 4.9E-07 Highest 0.5%
ENE 7.8E-05 2.1E-05 8. -06 5.3E- 2.OE-06 4.7E-07 Highest 0.5%
E 8.OE-05 2.2E-05 9.OE- 5.8 -06 2.2E-06 5.5E-07 Highest 0.5%
ESE 1.1E-04 3.3E-05 1.3E-05 .4E-06 3.1E-06 7.4E-07 Highest 0.5%
SE 1.3E-04 4.3E-05 1.7E-05 .OE-05 3.7E-06 8.5E-07 Highest 0.5%
SSE 8.8E-05 2.7E-05 1.1E-0 7. -06 2.8E-06 7.3E-07 Highest 0.5%
S 1.1E-04 3.2E-05 1.3 5 8.2E- 3.OE-06 7.4E-07 Highest 0.5%
SSV 1.4E-04 4.3E-05 1 E-05 1.1E-05 3.8E-06 8.9E-07 Highest 0.5%
SW 1.2E-04 3.8E-05 .5E-05 9.1E-06 .2E-06 7.4E-07 Highest 0.5%
WSW B.OE-55 2.3E-05 9.9E-06 6.5E-06 2. -06 7.OE-07 highest 0.5%
I 1.3E-04 4.2E- 1.6E-05 1.OE-05 3.7E 6 8.4E-07 Highest 0.5%
WNW 1.3E-04 4. -05 1.7E-05 1.OE-05 3.8E-0 8.9E-07 Highest 0.5%
NW 1.5E-04* .4E-05* 1.8E-05 1.2E-05 4.7E-06 1.2E-06 Highest 0.5%
NNW 1.5E_04 * 4.4E-05* 2.0E-05* 1.3E-05* 5.4E-06* 1. E"06* highest 0.5%
N 1.5E- * 4.4E-05* 1.9E-05 1.3E-05* 5.4E-06* 1.5 6* Highest 0.5%

5% .4E-04 4.4E-05 1.4E-05 9.8E-06 4.3E-06 1.3E-06 highest 5%
50% 2.5E-05 4.4E-06 2.4E-06 2.OE-06 1.3E-06 6.9E-07 hest 50%

aU ts sec/m 3 .

"M`aximum sector values.
~~Rev. •

Replace this table
with the updated
Table 2.3-55

0

Vz



Table 2.3-55 Relative Concentration (x/Q - sec/m3) Results at Exclusion Area Boundary for Release from Sources near Reactor
Building

Downwind Distance
Annual

Sector (meters) 0-2 hours 0-8 hours 8-24 hours 1-4 days 4-30 days Average

S 1200. 1.18E-04 5.69E-05 3.95E-05 1.79E-05 5.73E-06 1.43E-06

SSW 1200. 1.38E-04 6.50E-05 4.47E-05 1.98E-05 6.18E-06 1.48E-06

SW 1200. 1.32E-04 6.25E-05 4.29E-05 1.90E-05 5.90E-06 1.41E-06

WSW 1200. 1.27E-04 6.04E-05 4.16E-05 1.85E-05 5.81 E-06 1.41 E-06

W 1200. 1 32E-04 6,37E-05 4.42E-05 2.00E-05 6.43E-06 1.60E-06

WNW 1200. 1.36E-04 6.59E-05 4.60E-05 2.10E-05 6.84E-06 1,73E-06

NW 1200. 1,29E-04 6.36E-05 4.48E-05 2.09E-05 6.99E-06 1.83E-06

NNW 1200. 1.10E-04 5.73E-05 4.13E-05 2.03E-05 7.35E-06 2.12E-06

N 1200. 8.77E-05 4.54E-05 3.27E-05 1.60E-05 5.75E-06 1.64E-06

NNE 1200. 6.48E-05 3,23E-05 2.28E-05 1.07E-05 3.62E-06 9.60E-07

NE 1200. 6.76E-05 3.20E-05 2,20E-05 9.80E-06 3.06E-06 7.36E-07

ENE 1200. 4.12E-05 1.95E-05 1.34E-05 5.93E-06 1.85E-06 4.431E-07

E 1200. 4.48E-05 2.07E-05 1.41 E-05 6.12E-06 1.84E-06 4.25E-07

ESE 1200. 5.26E-05 2.49E-05 1.72E-05 7.63E-06 2.39E-06 5.76E-07

SE 1200. 9.86E-05 4.64E-05 3.19E-05 1.41 E-05 4.35E-06 1.04E-06

SSE 1200. 1.26E-04 6.09E-05 4,23E-05 1.91 E-05 6.13E-06 1.52E-06

Maximum sector xlQ 1.38E-04

Overall site x/Q 1.31 E-04 6.64E-05 4.72E-05 2.25E-05 7.77E-06 2.12E-06
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TABLE 2.3-56

IDENT ATMOSPHERIC RELATIVE CONCENTRATIONS (X/Q)a
FOR 6/1/73 TO 5/31/74 DATA PERIOD

Low Population Zone Circular (4023 m:
Time I

bZ~-kirL, I- ')-U V- --- . 5- 1-;r s-H4r 16-Hr -12-Hr./ bZ•-Hr Remarks
=%- %JL 8-Hr 16-Hr 72-Hr,. b24-Hr

NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
N

5%
50%

1.2E-04 3.9E- 1.6E-05 1.UE-05 3 -06 9.8E-07 Highest 0.5%
7.6E-05 1.8E-05 7.6E-06 4.9E-06 .9E-06 5.0E-07 Highest 0.5%
7.8E-05 2.OE-05 .2E-06 5.3E-06 2.OE-06 5.OE-07 Highest 0.5%
1.OE-04 3.1E-05 1. -05 7.4E- 2.6E-06 6.OE-07 Highest 0.5%
1.1E-04 3.3E-05 1.3E- 8. -06 3.1E-06 7.4E-07 Highest 0.5%
1.3E-04 4.OE-05 1.6E-05 OE-05 3.7E-06 8.7E-07 Highest 0.5%
8.8E-05 2.7E-05 1.1E-05 .4E-06 2.9E-06 7.7E-07 Highest 0.5%
8.3E-05 2.2E-05 9.5E-0 6. -06 2.5E-06 6.9E-07 Highest 0.5%
1.5E-04* 4.4E-05* 1.8 5 1.1E- 4.3E-06 1.1E-06 Highest 0.5%
8.4E-05 2.4E-05 1 E-05 6.6E-06 2.6E-06 6.7E-07 Highest 0.5%
7.8E-05 2.1E-05 .9E-06 5.8E-06 .3-06 6. 1E-07 Highest 0.5%
1.3E-04 4.1E-05 1.6E-05 9.8E-06 3. '-06 8.05-07 Highest 0.5%
8.8E-05 2.7E- 1.1E-05 7.2E-06 2.8E- 7.0E-07 Highest 0.5%
1.4E-04 4. -05" 1.8E-05 1.2E-05 4.5E-06 1.E-06 Highest 0.5%
1.5E-04* .4E-Q5* 2.0E-05* 1.3E-05* 5.6E-06* .6E-06* Highest 0.5%
1.5E-04* 4.4E-05* 2.0E-05* 1.3E-05* 5.5E-06 1. -*06 Highest 0.5%

1.4 04 4.4E-05 1.5E-05 1.OE-05 4.5E-06 1.4E-06 Highest 5%
E-05 4.5E-06 2.5E-06 2.1E-06 1.4E-06 7.4E-07 ighest 50%

sector values C/ M3 
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Table 2.3-56 Relative Concentration (x/Q - sec/m3) Results at Low Population Zone for Release from Sources near Reactor Building

Downwind Distance
Annual

Sector (meters) 0-2 hours 0-8 hours 8-24 hours 1-4 days 4-30 days Average

S 4023. 3.49E-05 1.53E-05 1.01E-05 4.14E-06 1.15E-06 2.38E-07

SSW 4023. 4.50E-05 1.90E-05 1.24E-05 4.87E-06 1.28E-06 2.48E-07

SW 4023. 4.21 E-05 1.79E-05 1.17E-05 4.60E-06 1.21 E-06 2.36E-07

WSW 4023. 3.89E-05 1,68E-05 1.10E-05 4.42E-06 1.19E-06 2.40E-07

W 4023. 4.26E-05 1.85E-05 1.22E-05 4.92E-06 1.34E-06 2.72E-07

WNW 4023. 4.33E-05 1.90E-05 1.26E-05 5.15E-06 1.43E-06 2.97E-07

NW 4023. 4.10E-05 1.83E-05 1.23E-05 5.12E-06 1.46E-06 3.16E-07

NNW 4023. 3.06E-05 1.47E-05 1.02E-05 4.58E-06 1.46E-06 3.60E-07

N 4023. 2.20E-05 1.07E-05 7.41 E-06 3.37E-06 1.09E-06 2.72E-07

NNE 4023. 1.58E-05 7.37E-06 5.04E-06 2.21E-06 6.76E-07 1.59E-07

NE 4023. 1.67E-05 7,43E-06 4.95E-06 2.06E-06 5.84E-07 1.25E-07

ENE 4023. 9.61E-06 4.29E-06 2.87E-06 1.19E-06 3.40E-07 7,30E-08

E 4023. 9.32E-06 4.15E-06 2.77E-06 1.15E-06 3.26E-07 6.96E-08

ESE 4023. 1.11 E-05 5.03E-06 3.39E-06 1.44E-06 4.22E-07 9.38E-08

SE 4023. 2.67E-05 1.16E-05 7.64E-06 3.09E-06 8.44E-07 1.72E-07

SSE 4023. 3.88E-05 1.69E-05 1.11E-05 4.51 E-06 1.23E-06 2.53E-07

Maximum sector x/Q 4.50E-05

Overall Site X/Q 4.19E-05 1.91 E-05 1.29E-05 5.49E-06 1.61 E-06 3.60E-07



Affected
Sector

TABLE 2.3-57

ACCIDENT ATMOSPHERIC RELATIVE CONCENTRATIONS (X/Q)a
FOR 6/1/74 TO 5/31/75 DATA PERIOD

Exclusion
Zone

Ci ular
(120 _) Low Population Zone Circular (4023 m)

Time
2-Hr 2-Hr S-Hr 16-Hr 72-Hr 624-Hr Remarks

AffectedSector
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
N

5%
50%

9.3E-05 2.7E- 5 1.2E-05 7.8E-06 3.2 06 8.7E-07 Highest 0.5%
7.7E-05 1.9E-0 7.7E-06 4.9E-06 . E-06 4.6E-07 Highest 0.5%
7.7E-05 1.8E-05 OE-06 4.4E-06 1.6E-06 3.7E-07 Highest 0.5%
7.8E-05 1.9E-05 7. -- 06 4.9E-0 1.8E-06 4.5E-07 Highest 0.5%
7.8E-05 1.9E-05 8.1E 6 5.3E 6 2.1E-06 5.6E-07 Highest 0.5%
1.OE-04 3.1E-05 1.2E-0 7 '-06 2.8E-06 6.5E-07 Highest 0.5%
1.OE-04 3.1E-05 1.3E-05 O.E-06 3.0E-06 7.3E-07 highest 0.5%
1.1E-04 3.3E-05 1.3E-05 8. E-06 3.OE-06 7.OE-07 Highest 0.5%
1.1E-04 3.4E-05 1.4E- 8.5 6 3.1E-06 7.5E-07 Highest 0.5%
8.OE-05 2.2E-05 9. -06 5.8E-0 2.2E-06 5.5E-07 Highest 0.5%
1.1E-04 3.5E-05 .4E-05 8.6E-06 3.1E-06 7.2E-07 Highest 0.5%
1.3E-04 3.9E-05 1.5E-05 9.5 -06 3. E-06 7.8E-07 highest 0.5%
8.8E-05 2.7E- 1.1E-05 7.0E-06 2.7 6 6.6E-07 Highest 0.5%
1.5E-04* 4.4 05* 1.8E-05 1.2E-05 4.5E-0 1.1E-06 Highest 0.5%
1.5E-04* .4E-05* 1.9E-05* 1.3E-05* 5.2E-06* 1.4E-06* Highest 0.5%
1.4E-04 4.3E-05 1.8E-05 1.2E-05 4.8E-06 . E-06 Highest 0.5%

1.4E 4 4.3E-05 1.4E-05 9.4E-06 4.1E-06 1 .3E-0 Highest 5%
2 -05 3.7E-06 2.1E-06 1.7E-06 1.1E-06 6.2E-07 Highest 50%

c/m3
sector values
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*Ivia mum s

Replace this table
with the updated
Table 2.3-57



Table 2.3-57 Relative Concentration (x/Q - sec/m 3) Results at Exclusion Area Boundary for Release from RWST

Downwind Distance Annual

Sector (meters) 0-2 hours 0-8 hours 8-24 hours 1-4 days 4-30 days Average

S 1200. 1.22E-04 5.86E-05 4.05E-05 1.82E-05 5.80E-06 1.43E-06

SSW 1200. 1.40E-04 6.58E-05 4.52E-05 2.00E-05 6.21 E-06 1.48E-06

SW 1200. 1.34E-04 6.30E-05 4.32E-05 1.91E-05 5.92E-06 1.41 E-06

WSW 1200. 1.28E-04 6.06E-05 4.17E-05 1.86E-05 5.82E-06 1.41E-06

W 1200. 1.34E-04 6.45E-05 4.47E-05 2.02E-05 6.46E-06 1.60E-06

WNW 1200. 1.37E-04 6.67E-05 4.64E-05 2.12E-05 6.87E-06 1.73E-06

NW 1200. 1.30E-04 6.42E-05 4.51E-05 2.1OE-05 7.01E-06 1.83E-06

NNW 1200. 1.17E-04 6.02E-05 4.32E-05 2.10E-05 7.49E-06 2.12E-06

N 1200. 9.90E-05 5,03E-05 3.58E-05 1.72E-05 5.97E-06 1,64E-06

NNE 1200. 7.60E-05 3.69E-05 2.57E-05 1.17E-05 3.81 E-06 9.60E-07

NE 1200. 6.84E-05 3,23E-05 2.22E-05 9.86E-06 3.07E-06 736E-07

ENE 1200. 4.67E-05 2.16E-05 1.47E-05 6.38E-06 1.92E-06 4.43E-07

E 1200. 4.50E-05 2.08E-05 1.42E-05 6.14E-06 1.85E-06 4.25E-07

ESE 1200. 5.28E-05 2.50E-05 1.72E-05 7.66E-06 2.39E-06 5.76E-07

SE 1200. 1.OOE-04 4.71 E-05 3.23E-05 1.42E-05 4.37E-06 1.04E-06

SSE 1200. 1.28E-04 6.15E-05 4.27E-05 1.93E-05 6.15E-06 1.52E-06

Maximum sector x/Q 1.40E-04

Overall site x/Q 1.35E-04 6.77E-05 4.80E-05 2.28E-05 7.83E-06 2.12E-06



TABLE 2.3-58

AC

Exclusion
Zone

~C~iý.l a r

(120 16)
AffectedN1

CIDENT ATMOSPHERIC RELATIVE CONCENTRATIONS (X/Q)a
FOR 3/5/79 TO 3/4/80 DATA PERIOD

zLow Population Zone Circular (4023 m)
Time /1-11

Sector 2-Hr "'•2-Hr 8-hr 16-hr 72-Hr ,IL24-hr Remarks

NNE 7.8E-05 2.3E-05 1.0E-05 7.1E-06 3.0E-06 8.9E-07 Highest 0.5%
NE 7.6E-05 1.9E-05 7.9E-06 5.1E-06 2.0906 5.OE-07 Highest 0.5%
ENE 7.8E-05 2.2E-05 O.-E-0 5 .- 06 268E-06 5.4E-07 Highest 0.5%
E 1.2E-04 3.3E-05 1.E-05 8.5E-06 3.2E-06 7.8E-07 Highest 0.5%
ESE 1.3E-04 4.5E-05 1.8E-0• .1E-0 3.9E-06 9.0E-07 Highest 0.5%
SE 1.4E-04 4.5E-05 1.8E-05 • .1E-5 3.9E-06 9.0E-07 Highest 0.5%
SSE 8.8E-05 2.7E-05 1.1E-05 6.9E-06 2.8E-06 7.3E-07 Highest 0.5%

S 1.3E-04 4.3E-05 1.7E-05 l l-05 3.7E-06 8.5E-07 Highest 0.5%

SSW 1.3E-04 4.2E-05 1.6E-05 1.0E-05 3.7E-06 8.4E-07 highest 0.5%
SW 1.4E-04 4.3-E-0 .7E-5 1.1E-05* 3.8E-06 8.9E-07 Highest 0.5%
WSW 8.4E-05 2.3E-05 1.-05 6.9E-06 2.t9E-06 8.3E-07 Highest 0.5%
W 1.4E-04 4.3E-05 •L.7E-05 1.1E-05 4. -06 9.7E-07 highest 0.5%
WNW 1.4E-04 4.4-5 .E-05 1.2E-05 4 .4E-• 1.1E-06 highest 0.5%
NW 1.5E-04" 5.O- 2l-5" 1.4E-05" 5.4E-06• 1.4E-06 Highest 0.5%

NNW 1.5E-04* 4.5 5 2.OE-05 1.3E-05 5.4E-06 .5E-06 Highest 0.5%
N 1.5E-04* 4 E-05 2.OE-05 1.3E-05 5.6E-06* 1. --06* Highest 0.5%

5% 1.5E-04 4.5E-05 1.5E-05 1.OE-05 4.6E-06 1.5E-06 highest 5%
50% 2.8E- 5.OE-06 2.7E-06 2.2E-06 1.4E-07 7.7E-07 ghest 50%

axnits sec v
*1vax im sec tor values.. .
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Table 2.3-58 Relative Concentration (X/Q - sec/m3 ) Results at Low Population Zone for Release from RWST

Downwind Distance
Annual

Sector (meters) 0-2 hours 0-8 hours 8-24 hours 1-4 days 4-30 days Average

S 4023. 3.50E-05 1.53E-05 1.01E-05 4.14E-06 1.15E-06 2.38E-07

SSW 4023. 4.50E-05 1.90E-05 1.24E-05 4.87E-06 1.28E-06 2.48E-07

SW 4023. 4.21E-05 1.79E-05 1.17E-05 4.60E-06 1.21 E-06 2,36E-07

WSW 4023. 3.89E-05 1.68E-05 1.10E-05 4.42E-06 1.19E-06 2.40E-07

W 4023. 4.26E-05 1,85E-05 1.22E-05 4.92E-06 1.34E-06 2.72E-07

WNW 4023. 4.33E-05 1.90E-05 1.26E-05 5.15E-06 1.43E-06 2.97E-07

NW 4023. 4.10E-05 1.83E-05 1.23E-05 5.12E-06 1.46E-06 3.16E-07

NNW 4023. 3.17E-05 1.51E-05 1.04E-05 4.68E-06 1.48E-06 3.60E-07

N 4023. 2,24E-05 1.08E-05 7.50E-06 3.40E-06 1.09E-06 2,72E-07

NNE 4023. 1.58E-05 7,37E-06 5.04E-06 2.21E-06 6.76E-07 1,59E-07

NE 4023. 1.67E-05 7.43E-06 4.95E-06 2.06E-06 5.84E-07 1.25E-07

ENE 4023. 9,61 E-06 4.29E-06 2.87E-06 1.19E-06 3.40E-07 7.30E-08

E 4023. 9.32E-06 4.15E-06 2.77E-06 1.15E-06 3.26E-07 6.96E-08

ESE 4023. 1.11E-05 5.03E-06 3.39E-06 1.44E-06 4.22E-07 9.38E-08

SE 4023. 2.67E-05 1,16E-05 7.64E-06 3.09E-06 8.44E-07 1.72E-07

SSE 4023. 3.88E-05 1.69E-05 1.11 E-05 4.51E-06 1.23E-06 2.53E-07

Maximum sector X/Q 4.50E-05

Overall site x/Q 4.19E-05 1.91 E-05 1.29E-05 5.49E-06 1.61 E-06 3.60E-07
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TABLE 2.3-59d

ATMOSPHERIC DISPERSION FACTOR, X/Q

1. 5E-4

1. 9E-5

-720 hr.-720 hr. 1. 5E-
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Table 2.3-59d Limiting Atmospheric Dispersion Factor, x/Q (sec/m3)

x/Q values
Limiting values for release from any one of the following sources: unit vent stack,

equipment hatch, MSSVs/ARVs vent, TDAFW exhaust vent, or RWST

Location 0-2 hours 2-8 hours(1 ) 0-8 hours 8-24 hours 1-4 days 4-30 days

EAB 2  1.40E-4

LPZ"3 ' 4.50E-5 2.39E-5 1.91 E-5 1.29E-5 5.49E-6 1.61 E-6

Notes:
1. This value was not calculated by PAVAN. It was obtained by logarithmic interpolation between the

2-hour average value (X/Q)2h, and the annual average value (X/Q)lyr.
2. Defined as 1200 m distance.
3. Defined as 4023 m distance.
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TABLE 2.3-78

OF INTAKE Kc WITH WIND DIRECTI

UNIT VENT RELEASE

.on Wolf Creek

N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW/

0
0
0
0.5
1.5
2.5
1.5
0.5
0
0
0

WNW
NW
NNW

0
0
0

Replace this table
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Table 2.3-78
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Table 2.3-78

Relative Concentration (x/Q - sec/m 3 ) at Control Room Air Intake

E qFr r'rne 1 t
0 t~o
2) Lo

L to

to

4. tAo

Hat ch tf.:
2 hours
8 hours
24 hours

4 days
30 days

St a k t- ,
2 hours
8 hours
24 hours
4 days
30 days

Con t.rc 1Room Air
5.1E-04

4.22E-04
1 . L2-04
1. 22 -04
9. 91E-05

K,:on' r I:.~] sa)ri All. r:

4.4 1 E-04
3.2 2 1 1-04
1. 35E-04
8. 66E-05
7.70E-05

11 tca k e

I 11- t.A ak,

MSSVs/ARVs to Control It

0 t:o 2 hours
2 to 8 hours
8 to 24 hou~rs
1 t o 4 da ys
4 to 30 cdays

.R.'l. $' Ve nt
0 t-')
2 t.o
8 to
1 to
4 to

ro Control. R.o:
2 hours
8 hours
24 hoU:rs
4 days
30 days

nu Ai.r Intake
9.24E-04

6.89h-04
2.94E-04

:1. 88 -04

1. 56.-04

;,n ,i.ir :Intake
6.7 717-04
5.96E-04
2. 4 2 E,- 0 4
2 . 041E-04

..59F-04

Room Ai.r Intake
5.1. 5 - 0 4
1.oý1 0 4
J. 75 ;-04
i 10.E- 04
8 93.F-05

IL F'W Exhaus .t to Conti
0. t } u . Ia:.1" o r S

2 L:o 8 hours
to 21 hours

I L 4 days
4 t- 30 days
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TABLE 2.3-79

RELATIVE CONCENTRATION (X/Q) AT CONTROL BUILDING AIR

From Low Level Release

R Percentage Wolf Cre

5 5 ý3

3.62

20 0.66

40 0

Percentage Wolf Creek

5

0.

20 0.17

40 0

for X/Qs are 10-4 m/sec 3

Replace this table
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Table 2.3-79

Relative Concentration (x/Q - sec/m 3) at the TSC Air Intake

8 tc
J1. t. C
4 t C;

liii L tIE * ii

.rc,

I-.
.

IatrIh t:.c TS'

24 hours

4 days
30 days

.S a c k tf- o FS

fhours

8 hours
24 hours
4 days
30 days

to TSC Air
h hours

8 1] IN
24 ol oLIr S
4 days
20 days

MS Svs /ARV

4

3 9i E-0t:ake

3.91E-04
266E8-04

9. 62E-0
7.[05E-05

52 E - 0 4
2.80E-04
6.44 E-05

. 42E,-05
3 . 22E-05

4..14k-04
2 . 1O El - 04
z!". [ 8 - ( .5

5.21E-05
4.09E-05

:1[ n a. k e

1.87E-04
1.25E-04
,4 . 5"1 E-()
3 .L3E-Oh
2.61 E-05

Air Intake
4 .83 F-04
' .258E-04

9. 63 E11-0 5
6. 458-05
4.89E-05

8.W S'1I1' tves 1.1
0L

4Lh

0j t, "
2 L;.-

4I t n

to 'SC A ..r
2 ho,,urs
(8 hours

:4 h o u
I days

30 days

aust to 'ISl
J Iours

8 hours

4 cl ay s
30 days



WOLF CREEK

been established one foot above the normal operating level, or at elevation
1,088 feet. Water-level determinations for the cooling lake are presented in
USAR Sections 2.4.3.5 and 2.4.11.3.2.

This analysis shows that the average time of contaminant travel to the cooling
lake is at least equal to half the expected life of the plant (Table 2.4-37).
For this reason, an analysis has also been made for the case of an accidental
release toward the end of the life of the plant. Although there are no plans
to drain the cooling lake after decommissioning of WCGS, the conservative
assumption is made that by the time the contaminants reach the shoreline after
such an accident, the cooling lake may have been drained. Thus, consideration
was given to contaminant transport down-gradient to the closest discharge point
on the tributary to Wolf Creek, approximately 2,450 feet southwest of the
radwaste building.

Wells C-20 and C-50 (Table 2.4-29 and Figure 2.4-52) are the nearest wells in
the down-gradient direction that were not purchased by the Licensees or
inundated by the cooling lake. They are the nearest potable water supplies.
These wells are located approximately 10,500 and 13,700 feet, respectively,
from the radwaste building. The shallow ground water that flows by these wells
in the over-burden soils and the underlying Heumader Shale is physically
separated from the plant site by the valleys of Wolf Creek and its tributaries,
and by the cooling lake. Ground water coming from the direction of these two
wells tends to flow toward the plant and discharge into the intervening
streams. For this reason, analysis of ground-water transport from the radwaste
tanks to the wells was not performed.

In the analysis which follows, it is shown that, with the exception of tritium
concentrations, ground water contaminated at the plant site by accidental
radioactive releases will have radionuclide concentrations below the maximum
permissible concentrations of 10 CFR 20, Appendix B, Table II, for unrestricted
areas by the time the contaminated ground water reaches the nearest surface
water (the cooling lake or the Wolf Creek tributary). However, it is noted
that tritium is a very weak beta emitter (decay energy for total disintegration
= 0.0186 MeV) and also, the tritium-related offsite doses from this postulated
accident will be a very small fraction of the 10 CFR Part I-0 dose limits. The
following analysis also shows that the tritium concentrat n in the cooling
lake and the Wolf Creek tributary will be well below the 1 CFR 20 limits for
unrestricted areas. The effects of hydrodynamic dispersio fluid convection,
cation exchange, and radionuclide decay were included in th analysis.

5067
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WOLF CREEK

3.0 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

This chapter identifies, describes, and discusses the principal architectural
and engineering design features of those structures, components, equipment,
and systems which are necessary to assure:

a. The integrity of the reactor coolant pressure boundary

b. The capability to shut down the reactor and maintain it
in a post-accident safe shutdown condition

c. The capability to prevent or mitigate the consequences of
accidents which could result in potential-offsite
exposures comparable to the guideline values of 10 CFR 50.67
4-0-a.

3.1 CONFORMANCE WITH NRC GENERAL DESIGN CRITERIA

This section briefly discusses the extent to which the design criteria for
safety-related plant structures, systems, and components comply with Title
10, Code of Federal Regulations, Part 50 (10 CFR 50), Appendix A, "General
Design Criteria for Nuclear Power Plants" (GDC). As presented in this
section, each criterion is first quoted and then discussed in enough detail
to demonstrate compliance with each criterion. For some criteria, additional
information may be required for a complete discussion. In such cases,
detailed evaluations of compliance with the various general design criteria
are incorporated in more appropriate USAR sections, but are located by
reference.

3.1.1 DEFINITION OF SINGLE FAILURE

The single failure criterion is a constraint used in the design of safety
systems to improve the reliability of the system to perform its safety
function following a design-basis event or design occurrence.

A single failure means an occurrence which results in the loss of the
capability of a component to perform its intended safety functions. Multiple
failures resulting from a single occurrence are considered to be a single
failure. Fluid and electrical systems are considered to be designed against
an assumed single failure if neither (1) a single failure of any active
component (assuming that passive components function properly) nor (2) a
single failure of a passive component (assuming that active components
function properly) results in a loss of the capability of the system to
perform its safety functions.

3.1-1 Rev. 14



WOLF CREEK

group 2 Class IE loads simultaneously. The 4160-V and 480-V circuit breakers
and the associated equipment will be tested one at a time only while
redundant equipment is operational.

The dc system is provided with detectors to indicate and alarm when there is
a ground existing on any part of the system. During plant operation, normal
maintenance may be performed.

Complete provisions for the testing of Class 1E electric power systems and
the standby power supplies (diesel generators) are described in Chapter 8.0.

CRITERION 19 - CONTROL ROOM

"A control room shall be provided from which actions can be taken to operate
the nuclear power unit safely under normal conditions and to maintain it in a
safe condition under accident conditions, including loss-of-coolant
accidents. Adequate radiation protection shall be provided to permit access
and occupancy of the control room under accident conditions without personnel
receiving radiation exposures in excess of 5 rem whole body, or its
equivalent, to any part of the body, for the duration of the accident.

"Equipment at appropriate locations outside the control room shall be
provided (1) with a design capability for prompt hot shutdown of the reactor,
including necessary instrumentation and controls to maintain the unit in a
safe condition during hot shutdown, and (2) with a potential capability for
subsequent cold shutdown of the reactor through the use of suitable
procedures."

DISCUSSION

A separate control room is provided from which actions can be taken to
operate the nuclear power unit safely under normal conditions and to maintain
in a safe manner under accident conditions, including LOCAs. Operator action
outside of the control room to mitigate the consequences of an accident is
permitted. The control room and its post-accident ventilation systems are
designed to satisfy seismic Category I requirements, as discussed in Chapter
3.0. Adequate concrete shielding and radiation protection are provided
against direct gamma radiation and inhalation doses postulated to result from
a TID-14244 release of fission products inside the containment structure.
The shielding and the control room standby air-conditioning system allow
access to and occupancy of the control rooms under accident conditions
without personnel receiving radiation exposures in excess of 5 rem5- ........
or its oq.uival.nt to any part of the bd.y for the duration of the cident.
Refer to Chapter 15.0. Fission product removal is provided

total effective
dose equivalent
(TEDE)
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in the control room recirculation equipment to remove iodine and particulate
matter, thereby minimizing the thyroid dose which could result from the
accident. The control room habitability features are described in Chapter
6.0.

In the event that the operators are forced to abandon the control room,
panel-mounted local instrumentation and controls are provided to achieve and
maintain the plant in the hot shutdown condition (see Chapter 7.0). The
capability for bringing the plant to a cold shutdown is also provided outside
the control room through the use of local controls.

3.1.5 PROTECTION AND REACTIVITY CONTROL SYSTEMS

CRITERION 20 - PROTECTION SYSTEM FUNCTIONS

"The protection system shall be designed (1) to initiate automatically the
operation of appropriate systems including the reactivity control systems, to
assure that specified acceptable fuel design limits are not exceeded as a
result of anticipated operational occurrences and (2) to sense accident
conditions and to initiate the operation of systems and components important
to safety."

DISCUSSION

A fully automatic protection system with appropriate redundant channels is
provided to cope with transient events where insufficient time is available
for manual corrective action. The design basis for all protection systems is
in accordance with the intent of IEEE Standards 279-1971 and 379-1972. The
reactor protection system automatically initiates a reactor trip when any
variable monitored by the system or combination of monitored variables
exceeds the normal operating range. Setpoints are designed to provide an
envelope of safe operating conditions with adequate margin for uncertainties
to ensure that the fuel design limits are not exceeded.

Reactor trip is initiated by removing power to the rod drive mechanisms of
all the rod cluster control assemblies. This causes the rods to insert by
gravity, thus rapidly reducing the reactor power. The response and adequacy
of the protection system have been verified by analysis of anticipated
transients.

The engineered safety features actuation system automatically initiates
emergency core cooling and other safety functions by sensing accident
conditions, using redundant analog channels measuring diverse variables.
Manual actuation of safety features
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structural and leaktight integrity of their components and to assure the
operability and performance of the active components of the systems. All
active components of the containment spray system and delivery piping up to
the last powered valve before the spray nozzle have the capability to be
tested during reactor power operation. In addition, when the unit is
shutdown, smoke or air can be blown through the test connections for visual
verification of the flow path. All safety-related active components of the
containment fan cooling system can be tested to verify operability during
reactor power operation. In addition, since the containment fan cooling
system is a normally operating system, the performance and operability of
portions of the system are continuously verified during normal reactor power
operation. The facility design allows, under conditions as close to the
design as practicable, the performance of a full operational sequence that
brings these systems into operation. More complete discussions of the
testing of these systems are in Chapters 6.0, 8.0, and the Technical
Specifications.

CRITERION 41 - CONTAINMENT ATMOSPHERE CLEANUP

"Systems to control fission products, hydrogen, oxygen, and other substances
which may be released into the reactor containment shall be provided as
necessary to reduce, consistent with the functioning of other associated
systems, the concentration and quantity of fission products released to the
environment following postulated accidents, and to control the concentration
of hydrogen or oxygen and other substances in the containment atmosphere
following postulated accidents to assure that containment integrity is
maintained.

"Each system shall have suitable redundancy in components and features, and
suitable interconnections, leak detection, isolation, and containment
capabilities to assure that for onsite electric power system operation
(assuming offsite power is not available) and for offsite electric power
system operation (assuming onsite power is not available) its safety function
can be accomplished, assuming a single failure."

DISCUSSION

The containment spray system serves to remove radioiodine and other airborne
particulate fission products from the containment atmosphere following a
LOCA. The system consists of two independent systems, each supplied from
separate electrical power busses, as described in Chapter 8.0. Either
subsystem alone can provide the fission product removal capacity for which
credit is taken in Chapter 15.0, in compliance with Regulatory Guide -4.
(See Section 3A for discussion of RG i-.4)
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3.2 CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

Certain structures, components, and systems of the nuclear plant are considered
to serve a safety function because they:

a. Assure the integrity of the reactor coolant pressure
boundary.

b. Assure the capability to shut down the reactor and
maintain it in a safe condition.

c. Assure the capability to prevent or mitigate the
consequences of accidents which could result in potential
offsite exposures comparable to the guideline exposures
of 10 CFR -"50.67

d. Contain or may contain radioactive material.

The purpose of this section is to classify structures, systems, and components
according to the importance of the item in order to provide reasonable
assurance that the facility can be operated without undue risk to the health
and safety of the public. Table 3.2-1 delineates each of the items in the
plant which fall under the above-mentioned categories and the respective
associated classification that the NRC, ANS, and industrial codes committees
have developed. Each of the classification categories in Table 3.2-1 is
addressed in the following sections.

For identification of system and subsystem boundaries, Table 3.2-1 is
supplemented (i.e., referenced to applicable figures) by piping and instrument
diagrams which have been marked to clearly show the limits of the seismic
Category I and various quality group classifications on a system. The legend
for the piping and instrument diagrams is provided in Figure 1.1-1.

Classification of power supplies, instrumentation and controls, motors, piping
and valves, ductwork and dampers, and associated supports, hangers, and
restraints is not delineated in Table 3.2-1 because of the extensive listing
required. Their classification, however, is consistent with the boundaries
shown on the piping and instrumentation drawings. A listing of the piping and
instrumentation drawings and their associated USAR figures is found in Table
1.7-2.
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, except that WCGS is using
meteorology as recommended by
Regulatory Guide 1.183, "Alternative
Radiological Source Terms for
Evaluating Design-Basis Accidents
at Nuclear Power Reactors"TABLE 3.2-3

Regulatory Guide 1.29 Position

o. Primary and secondary
reactor containment.

p. Systemsl, other than
radioactive waste manage-
ment systems, not covered
by items l.a through 1.o
above that contain radio-
active material and whose
postulated failure would
result in conservatively
calculated potential
offsite doses (using
meteorology as prescribed
by Regulatory Guide 1.4,
"Assumptions Used for
Evaluating the Potential
Radiological Consequences
of a Loss-of-Coolant
Accident for Pressurized
Water Reactors") that are
more than 0.5 rem to the
whole body or its equiva-
lent to an 'part of the bodv.

(Sheet 5)

WCGS

o. Complies. Note that
the WCGS esign does
not incor orate a
secondar containment.

p. Complies. Note that
Regulatory Guide 1.143
provides guidance on
radioactive waste
management systems and
structural seismic
design. Table 3.2-1
indicates those sys-
tems for which the D
(Augmented) design

criteria are applied.
The dividing line
value of 0.5 rem is
inappropriate for the
types of failures
which the guide
addresses. Quality
Group D or D (Augmen-
ted) is applied to
such systems unless
their failure would
result in offsite
doses approaching the

values of 10 CFR
Part 10*

which were the 10 CFR Part 20
limits at that time. Since then, the
value was changed from 0.5 rem
whole body to 0.1 rem TEDE.

q. The Class IE electric
systems, including the
auxiliary systems for
the onsite electric power
supplies, that provide
the emergency electric
power needed for func-
tioning of plant features
included in items l.a
through l.p above.

q. Complies; however in
certain cases Class lE
conduits are supported
from non-Category I
seismic walls. Al-
though not Category I,
these reinforced block
walls are analyzed for
SSE loads in accor-
dance with position Z
and are subject to the
QA program described
in Position 4.
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TABLE 3.2-4

Regulatory Guide 1.26 Position

(Sheet 5)

WCGS

c. Systems or portions of c.
systems that are connected
to the reactor coolant
pressure boundary and are
capable of being isolated
from that boundary during
all modes of normal reactor
operation by two valves,
each of which is either
normally closed or capable
of automatic closure.

d. Systems, other than radio- d.
active waste management
systems, not covered by
items 2.a through 2.c above
that contain radioactive
material and whose postu-
lated failure would result
in conservatively calcu-
lated potential offsite
doses (using meteorology
as recommended by Regula-
tory Guide 1.4, "Assump-
tions Used for Evaluating
the Potential Radiological
Consequences of a Loss-
of-Coolant Accident for
Pressurized Water Reactors")
that exceed 0.5 rem to
the whole body or its
equivalent to any part
of the body. For those
systems located in Seism which werethe
Category I structures, 10 CFR Part
only single component 20limitsatthat
failures need be assumed time. Since
However, no credit for
automatic isolation from then, the value
other components in the was changed
system or for treatment from 0.5 rem
of released material whole bodyto
should be taken unless 0.1 rem TEDE.
the isolation or treat-
ment capability is designed

Complies.

, except that WCGS is using
meteorology as recommended by
Regulatory Guide 1.183, "Alterna
Radiological Source Terms for
Evaluating Design-Basis Acciden
Nuclear Power Reactors"

Complies. Note that
Regulatory Guide 1.143
provides guidance on
radioactive waste manage-
ment system design.
Table 3.2-1 indicates
those systems to which
the D (Augmented) design
criteria are applied.
The dividing line value
of 0.5 rem is inappro-
priate for the types of
failures which the guide
addresses. Quality Group
D [or D (Augmented)] is
applied to such systems
unless their failure
would result in offsite
doses approaching the
guideline values of 10
CFR. Radwaste
systems, except for por-
tions of the steam gener-
ator blowdown system
located in the turbine
building, are located
within a seismically
designed building as
permitted by Regulatory
Guide 1.143, and only
single component failures
are considered.

tive

ts at
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3.5.1.5 Missiles Generated by Events Near the Site

As described in Section 2.2.3, there are no postulated explosions or military
activities in the site vicinity that could generate missiles.

3.5.1.6 Aircraft Hazards

The Burlington Municipal Airport has been replaced by the Coffey County Airport
which opened in 1989 and is not described in Section 2.2.1.3. The hazards
associated with the new airport have been evaluated and do not constitute a
significant hazard as defined in Standard Review Plan, Section 3.5.1.6. The
following evaluation applies to hazards due to the Coffey County Airport.

a. The following small airport is within 5 miles of the
station:

1. the Coffey County Airport located 4.5 miles north-northwest
of the site. It is classified as a small aircraft airport
servicing primarily single and twin engine piston type
aircraft.

b. There are no airports between 5 and 10 miles of the station.

c. There are no airports outside 10 miles of the plant with
the projected annual number of operations greater than 1000
d (d=miles from site to airport).

d. There is a low-altitude federal airway and a high-altitude
jet route passing within 2 miles of the plant which have
widths of 8 and 16 nautical miles, respectively. In
addition, there is a low level military training route whose
centerline passes within 17 miles of the plant. A
probability analysis of the aircraft accidents on these
routes has indicated that the probability of accidents
leading to radiological consequences worse than the exposure
guidelines of 10 CFR 4-- is less than 10-7 per year. The
details of this anal 50.67]re given in the following.

V-234 is an east-west low-altitude route, and its centerline passes within 3.9
miles of the plant site. It has a width of 8 nautical miles. V-131 is a
north-south route passing within 6.1 miles of the plant site. It has a width
of 8 nautical miles. Daily traffic on these routes and from direct flights
traversing the airspace overlying Wolf Creek is reported to be 161 flights.

J-110 is a high-altitude east-west jet route passing within 0.5 miles of the
plant site. It has a width of 16 nautical miles. Daily traffic on this route
and from direct flights traversing the airspace overlying Wolf Creek is
reported to be 132 flights.

IR-502 is a military low-level training route whose centerline passes within 17
miles of the plant. It has a width of 8 nautical miles, and the annual number
of flights on this route is 1,560. Conservatively, the hazard from this route
has been accounted for in the analysis with the assumption of an in-flight
crash rate 2 times higher than that for general aviation.
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The traffic count on low-altitude air routes does not include the aircraft
operating under visual flight rules (VFR). It is conservatively assumed that
the VFR traffic is equal to the IFR (instrumental flight rule) traffic reported
above. The increase of traffic in the future is practically offset by a
decrease in accident rates. The area of the safety-related structures in the
plant whose damaged would lead to unacceptable radiological consequences is
calculated to be 0.008 mi 2 .

AIRCRAFT IMPACT PROBABILITY DUE TO AIR TRAFFIC

The probability, PFA, of an aircraft crashing into the plant and leading to
radiological consequences in excess of 10 CFR 4-0-a exposure guidelines is
calculated as follows:

PFAY = C A IT, + +(L WT WH)

where: C = inflight crash rate per mile for aircraft using
airway = 4 x i0-10;

A = area of safety-related structures whose damage
would lead to unacceptable radiological

consequences = 0.008 mi 2 ;

NL = number of aircraft movements on low-altitude federal air
routes V-234 and V-131 [161 x 2] = 322/day = 117,530/year;

WL = width of low-altitude air route = 8 nautical miles = 9.2
miles;

NT = number of aircraft movements on the training route IR-502
= 1,560/year;

WT = width of training route IR-502 (plus twice the distance
from the airway edge to the site since the site is outside
the airway) = 34.0 miles;

NH = number of aircraft movements on high-altitude federal jet
route J-ll0 = 132/day = 48,180/year; and

WH = width of jet route J-110 = 18.4 miles.

Using these data, the probability of an aircraft crashing into the plant and
causing unacceptable radiological consequences is calculated as 5.0 x 10-8 per
year.

AIRCRAFT IMPACT PROBABILITY DUE TO COFFEY COUNTY AIRPORT

The Standard Review Plan (section 2.2) specifies a method for calculating the
probability of aircraft impact due to airports located near a nuclear power
plant. The probability per year of an aircraft crashing into the site (PA) is
calculated by using the following expression:

PA = C x N x A

where:

C = probability per square mile of a crash per aircraft movement N = number of
aircraft movements
A = effective plant area (in square miles)
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Where multiple aircraft types and/or trajectories are involved this expression
may be summed for each separate aircraft type and trajectory considered.
Aircraft using the Coffey County Airport are lumped into a single category for
the purposes of calculating the effective area as described below. No credit
was taken for separate trajectories.

Numerical values for "C" are given in the standard review plan as a function of
the distance from the airport to the nuclear power plant. The Coffey County
Airport is located approximately 4.5 miles from Wolf Creek. The probability
for general aviation aircraft for airports from 4 to 5 miles from nuclear power
plants is given as 1.2 X 10-8 per aircraft movement. The safety of general
aviation has improved significantly in the intervening years and therefore the
SRP crash probabilities are now very conservative. The National Transportation
Safety Board publishes the "Annual Review of Aircraft Accident Data-U.S.

General Aviation." These publications were reviewed for the period of 1982
through 1986 (the most recent 5 years of available data) and the number of
aircraft accidents occurring within 5 miles of airports has decreased by more
than half in this 5 year period alone.

The effective area of the plant "A" is the porti Vnof the plant that is
susceptible to impact from a given type of airc rft and could result in
radiological consequences greater than 10 CFR 1--O guidelines. For the large
commercial and military aircraft considered in the impact probability due to
air traffic, a value of 0.008 miles 2 was used. However, for the small general
aviation aircraft utilizing the Coffey County Airport a significantly smaller
value is appropriate. Calculations show than an effective area of 0.0016
miles 2 may conservatively be used for general aviation aircraft with approach
speeds of <140 mph and weighing <12,500 pounds. These parameters envelope the
expected aircraft usage at Coffey County Airport through the year 2000.

Substituting the values described above along with actual usage levels results
in:

PA = 4.0 x 10-8

When combined with the probability originally calculated for air routes of 5 x
10-8 this results in a total probability of aircraft impacts causing
significant radiological releases of 9 x 10-8 per year. This result remains
below the value of 1 x 10-7 per year given in the SRP as acceptable for siting
of nuclear power plants.

Since the aircraft movements at the airports and on the air routes do not pose
any undue risk to the safe operation of WCGS Unit No. 1, no design-basis
aircraft impact is postulated.
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restraint or second check valve will not result in an uncontrolled loss of
reactor coolant if either of the two valves in the line closes.

Accordingly, both of the automatic isolation valves are suitably protected and
restrained as close to the valves as possible so that a pipe break beyond the
restraint will not jeopardize the integrity and operability of the valves.
Further, periodic testing capability of the valves to perform their intended
function is essential. This criterion takes credit for only one of the two
valves performing its intended function. For normally closed isolation or
incoming check valves (Cases I and IV in Figure 3.6-2), a LOCA is assumed to
occur for pipe breaks on the reactor side of the valve.

Branch lines connected to the reactor coolant loop (RCL) are defined as "large"
for the purpose of this criteria and as having an inside diameter greater than
4 inches up to the largest connecting line, generally the pressurizer surge
line. Rupture of these lines results in a rapid blowdown from the RCL, and
protection is basically provided by the accumulators and the low head safety
injection pumps (residual heat removal pumps).

Branch lines connected to the RCL are defined as "small" if they have an inside
diameter equal to or less than 4 inches. This size is such that emergency core
cooling system analyses, using realistic assumptions, show that no clad damage
is expected for a break area of up to 12.5 square inches, corresponding to 4-
inch inside diameter piln

l50.67I
Engineered safety feat te provided for core cooling and boration, pressure
reduction, and activity qonfinement in the event of a LOCA or steam or
feedwater line break acc' ent to ensure that the public is protected in
accordance with 10 CFR 44- guidelines. These safety systems are designed to
provide protection for a reactor coolant system pipe rupture of a size up to
and including a double-ended severance of a reactor coolant loop.

In order to assure the continued integrity of the vital components and the
engineered safety systems, consideration is given to the consequential effects
of the pipe break itself to the extent that:

a. The minimum performance capabilities of the engineered
safety systems are not reduced below that required to
protect against the postulated break.

3.6-26 Rev. 0



WOLF CREEK

3.7(N) SEISMIC DESIGN

For the OBE loading condition, the nuclear steam supply system is designed to
be capable of continued safe operation. The design for the SSE is intended to
ensure:

a. That the integrity of the reactor coolant pressure
boundary is not compromised;

b. That the capability to shut down the reactor and
maintain it in a safe condition is not compromised; and

c. That the capability to prevent or mitigate the
consequences of accidents which could result in potential
offsite exposures comparable to the guideline exposures
of 10 CFR 1-Q is not compromised.

It is necessary to e that required critical structures and components do
not lose their capability to perform their safety function. Not all critical
components have the same functional safety requirements. For example, a safety
injection pump must retain its capability to function normally during the SSE.
Therefore, the deformation in the pump must be restricted to appropriate limits
in order to ensure its ability to function. On the other hand, many components
can experience significant permanent deformation without loss of function.
Piping and vessels are examples of the latter where the principal requirement
is that they retain their contents and allow fluid flow.

The seismic requirements for safety-related instrumentation and electrical
equipment are covered in Sections 3.10(N) and (B). The safety class
definitions, classification lists, operating condition categories, and the
methods used for seismic qualification of mechanical equipment are given in
Section 3.2.

3.7(N) .1 SEISMIC INPUT

3.7(N) .1.1 Design Response Spectra

Refer to Section 3.7(B) .1.1.

3.7(N) .1.2 Design Time History

Refer to Section 3.7(B).1.2.
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welds where the welds are inaccessible to nondestructive examination after
construction. Refer to Figure 3.8-29 for typical details for these items.

3.8.1.1.4 Shell Discontinuities

The significant discontinuities in the shell structure are at the wall-to-base-
slab connection, the buttresses, and the large penetration openings.

The shell wall interface at the base slab incorporated a straight wall-to-slab
joint. Refer to Figure 3.8-10 for details of the lower wall configuration.

Buttresses project out from the exterior surface of the shell wall and dome to
provide adequate space for the hoop tendon anchorage and tendon-stressing
equipment. The anchorage surfaces of the buttress are normal to the tangent
line of the anchored hoop tendons. Details are shown in Figure 3.8-30.

The concrete shell around the equipment hatch opening is thickened by the
method shown in Figures 3.8-31 and 3.8-32.

3.8.1.1.5 Special Reinforcing Requirements

Special reinforcing is required in such areas as the major penetrations. Refer
to Figures 3.8-31 through 3.8-35 for typical details in these areas.

3.8.1.2 Applicable Codes, Standards, and Specifications

The following codes, regulations, standards, and specifications were utilized
in the reactor building design. Subsequent to operation, additional codes have
been approved for use and are noted with an asterik.

3.8.1.2.1 Regulations

a. 10 CFR 50, "Licensing of Production and Utilization
Facilities"

b. 10 CFR 100, "Reactor Site Criteria"
3.8.1 .2 Codes

a. American Concrete Institute, Building Code Requirements
for Reinforced Concrete (ACI-318-71)

1c. 10 CFR 50.67, "Accident Source Term" I
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categorized according to NUREG-0588, Appendix E, for each of three accident
groups. The accident groupings were LOCA, MSLB/MFLB inside containment and
steam/feedwater tunnel, and HELB outside containment (except MSLB and MFLB).
The equipment located in a harsh environment, for any of the three accident
groups, was reviewed under the NUREG-0588 program.

Equipment required as a result of NUREG-0737 was incorporated into the design
by the time Table 3.11(B)-3 was being developed. Accordingly, new equipment
added to the design was included in the equipment list and reviewed to the same
criteria as all other safety-related equipment. USAR Section 18.0 identifies
the Wolf Creek design relative to the NUREG requirements.

Table 3.11(B)-10 provides a listing of equipment added as a result of NUREG-
0737. It should be noted that for every piece of equipment identified in Table
3.11(B)-10, there is other support equipment that is purchased in bulk
quantities that cannot be clearly identified as supporting the NUREG-0737
requirements (e.g., cable, terminal boxes, connectors, hangers, instrument
isolation valves, etc.). This generic type equipment is included in the
qualification review program. For further information about each of the
devices listed in Table 3.11(B)-10, refer to the equipment listing in Table
3.11(B)-3.

3.11(B).1.1.2 Safety-Related System Listing

Safety-related systems are those plant systems necessary to ensure:

a. The integrity of the reactor coolant pressure boundary.

b. The capability to shut down the reactor and maintain it
in a safely shutdown condition.

c. The capability to prevent or mitigate the consequences of
accidents which could result in offsite exposures
comparable to the guidelines of 10 CFR 1-04. F50. 67

Systems that perform these type functions are those systems required to achieve
or support emergency reactor shutdown, containment isolation, reactor core
cooling, containment heat removal, core residual heat removal, and prevention
of significant release of radioactive material to the environment. A listing
of the systems that perform or support these functions is provided in Table
3.11(B)-9. The listing identifies the function that the system performs (or
supports) and includes all systems that receive Class lE power. Systems are
listed even if only a portion of the system provides a safety-related function.
Multiple
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conservative bounding time for termination of accident effects within the
containment. The containment pressure-temperature analysis, as reflected in
Figures 3.11(B)-3 and 6, indicates that containment conditions return to normal
or below normal operating conditions within 30 days. It should also be noted
that Regulatory Guide 1-4• provides criteria for evaluating the offsite
radiological consequeImjf a LOCA event for a maximum of 30 days following
the accident.

Margins of 1 hour or more for equipment with required operability times of less
than 10 hours have generally been used for the WCGS equipment qualification
review. However, margins of less than 1 hour have been used when adequate
technical justification could be provided.

The Operating Agent concurs with the AIF position on the 1-hour time margin, as
stated in a letter to Mr. Harold Denton dated January 4, 1982, in that an
arbitrary time margin of 1 hour appears inappropriate and should not be
required when adequate technical justification for a shorter period exists.

3.11(B).5.3 Margins

The discussions in Section 3.11(B) .1 show that post-accident environmental
parameters were conservatively and uniquely determined using plant-specific
data. Hence, the guideline generic techniques discussed in NUREG-0588 are not
applicable.

The values for margin identified in Section 6.3.1.5 of IEEE 323-1974 were used
as acceptance criteria during the NUREG-0588 review. The only regular
exception to the IEEE 323-1974 margins was for radiation. As identified in
Item 1.4 of NUREG-0588, additional margin need not be added to the radiation
parameters if the methods identified in Appendix D of NUREG-0588 are utilized.
The methods used to determine the WCGS radiation parameters are consistent with
the Appendix D methodology. Hence, the radiation margins required by Section
6.3.1.5 of IEEE 323-1974 were not necessary.

3.11(B).5.4 Aging

During the NUREG-0588 review, two general observations were made concerning
equipment aging:

1. Some IEEE 323-1974 equipment underwent accelerated
thermal aging based on the Arrhenius method. This
approach was considered acceptable.
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DISCUSSION:

The recommendations of this regulatory guide are not applicable to a PWR.

REGULATORY GUIDE 1.4 REVISION 2 DATED 6/74

Assumptions Used for Evaluating the Potential Radiological
Consequences of a Loss-of-Coolant Accident for Pressurized Water
Reactors

DISCUSSION: Use of this regulatory guide has been replaced by Regulatory
Guidel.183 for alternative source term application.

The recommendations of this regulatory guide are met as described in Table
15.6-7.

REGULATORY GUIDE 1.5 REVISION 0 DATED 3/71

Assumptions Used for Evaluating the Potential Radiological
Consequences of a Steam Line Break Accident for Boiling Water
Reactors (Safety Guide 5)

DISCUSSION:

The recommendations of this regulatory guide are not applicable to a PWR.

REGULATORY GUIDE 1.6 REVISION 0 DATED 3/71

Independence Between Redundant Standby (Onsite) Power Sources and
Between Their Distribution Systems (Safety Guide 6)

DISCUSSION:

The recommendations of this regulatory guide are met. Refer to Section
8.1.4.3.

REGULATORY GUIDE 1.7 REVISION 2 DATED 11/78

Control of Combustible Gas Concentrations in Containment Following
a Loss-of-Coolant Accident

DISCUSSION:

The recommendations of this regulatory guide are met as described in Table
6.2.5-6.

10 CFR 50.44 was revised in 2003 and Revision 3 to Regulatory Guide 1.7 was
issued in May 2003. The revised 10 CFR 50.44 no longer defines a design-basis
LOCA hydrogen release, and eliminates the requirements for hydrogen control
systems to mitigate such a release. License Amendment No. 157 was issued by
the NRC on January 31, 2005 and deleted the Technical Specification
requirements for the hydrogen recombiners and relocated the requirements for
the hydrogen monitors.

REGULATORY GUIDE 1.8 DRAFT REVISION 2 DATED 2/79

Personnel Selection and Training
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The recommendations of this regulatory guide are met as described in Table
15.7-1.

REGULATORY GUIDE 1.25 REVISION 0 DATED 3/72

Assumptions Used for Evaluating the Potential Radiological
Consequences of a Fuel Handling Accident in the Fuel Handling and
Storage Facility for Boiling and Pressurized Water Reactors
(Safety Guide 25)

DISCUSSION: Use of this regulatory guide has been replaced by Regulatory
Guide1..183 for alternative source term application.

15.7-2.

REGULATORY GUIDE 1.26 REVISION 3 DATED 2/76

Quality Group Classifications and Standards for Water-, Steam-,
and Radioactive-Waste-Containing Components of Nuclear Power
Plants

DISCUSSION:

The recommendations of this regulatory guide are met as described in Table 3.2-
4. As described in Section 3.2, Westinghouse utilizes the safety classes as
defined in ANSI N18.2a-1975. Except for the deviation described in section
3.2.3.

REGULATORY GUIDE 1.27 REVISION 2 DATED 1/76

Ultimate Heat Sink for Nuclear Power Plants

DISCUSSION:

The recommendations of this regulatory guide are met as described in Table 9.2-
21 and Section 9.2.5.

REGULATORY GUIDE 1.28 REVISION 2 DATED 2/79

Quality Assurance Program Requirements (Design and Construction)

DISCUSSION:

Refer to the SNUPPS Quality Assurance Programs for Design and Construction.
This regulatory guide is not applicable to the operating phase.
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REGULATORY GUIDE 1.142 REVISION 0 DATED 4/78

Safety-Related Concrete Structures for Nuclear Power Plants (Other
Than Reactor Vessels and Containments)

DISCUSSION:

The recommendations of this regulatory guide, which generally endorses ACI-349-
76, have not been applied to the design of safety-related concrete structures
of the power block. The procedures and requirements described in ACI 318-71,
Building Code Requirements for Reinforced Concrete, along with the exceptions,
clarifications, and additions described in Sections 3.8.3, 3.8.4, and 3.8.5,
have been used instead.

REGULATORY GUIDE 1.143 REVISION 0 DATED 7/78

Design Guidance for Radioactive Waste Management Systems,
Structures, and Components Installed in Light-Water-Cooled
Nuclear Power Plants

DISCUSSION:

The recommendations of this regulatory guide are met as described in Table 3.2-
5.

REGULATORY GUIDE 1.144 REVISION 1 DATED 9/80

Auditing of Quality Assurance Programs for Nuclear Power Plants

DISCUSSION:

The recommendations of this regulatory guide are met, the following is provided
as clarification:

Section 4.5.1 of ANSI N45.2.12-1977 states in part, "In the event that
corrective action cannot be completed within thirty days, the audited
organization's response shall include a scheduled date for the corrective
action." WCNOC satisfies this requirement by using the following process:

Audit findings are documented using the WCNOC corrective action process (PIRs).
As part of the WCNOC corrective action process PIRs are assigned a scheduled
completion date for non-significant or a date for completion of the root cause
and planned corrective action for significant PIRs prior to the responsible
organization receiving it. This trackina system tracks the status Q1 the
finding through to closure. -- /(iu 83

REGULATORY GUIDE 1.145 REVISION Q DATED &A-9

Atmospheric Dispersion Models for Potential Accident Consequence
Assessments at Nuclear Power Plants

DISCUSSION:

The recommendations of this regulatory guide are met as discussed in Section
2.2
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2. The visual examination of the steel liner plate inside containment
intended to fulfill the requirement of 10 CFR 50, Appendix J, Option B
testing, will be performed in accordance with the requirements and
frequency specified by ASME Section XI code, Subsection IWE, except
where relief has been authorized by the NRC.

DISCUSSION:

The recommendations of this regulatory guide are met as described in Section
6.2.6.

REGULATORY GUIDE 1.166 REVISION 0 DATED 3/97

Pre-Earthquake Planning and Immediate Nuclear Power Plant Operator
Postearthquate Actions

The recommendations of this regulatory guidance are met, except for the
following:

1. WCGS is not subject to the requirements of Appendix S to 10 CFR Part 50.
WCGS will continue to use appendix A to 10 CFR Part 100.

REGULATORY GUIDE 1.167 REVISION 0 DATED 3/97

Restart of a Nuclear Power Plant Shut Down by a Seismic Event

DISCUSSION:

The recommendations of this Regulatory Guide are met.

REGULATORY GUIDE 1.181 REVISION 0 DATED 9/99

Content of the Updated Final Safety Analysis Report in Accordance With 10 CFR
50.71(e)

DISCUSSION:

NEI 98-03, Revision 1, "Guidelines for Updating FSARs," was endorsed by this
regulatory guide without exception. NEI 98-03, Revision 1, provides guidance
for updating the USAR consistent with 10 CFR 50.71(e), and provides for making
voluntary modifications to the USAR (i.e., removal, reformatting, and
simplification of information, as appropriate) to improve focus, clarity and
maintainability.

WCNOC currently utilizes NEI 98-03 as guidance for determining what information
in the USAR is to be updated, to what level of detail the update needs to
reflect, and what type of information may be removed from the USAR.

(Refer to discussion on Regulatory Guide 1.70, Revision 3, for background
information.)

REGU-- GUIDE 1.187 REVISION 0 DATED 11/00

Guidance for Impleme on o CFR 50.59, Changes, Tests, and Experiments

Insert Reg Guide
1.183
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Regqulatory Guide 1.183 Revision 0 Dated 7/00

Alternative Radiological Source Terms for Evaluating Design Basis Accidents at Nuclear
Power Reactors

DISCUSSION:

The recommendations of this regulatory guide are met as described in Appendix 15B.
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DISCUSSION:

NEI 96-07, Revision 1, "Guidelines for 10 CFR 50.59 Implementation," was
endorsed by this regulatory guide without exception. NEI 96-07 provides
guidance and examples to aid in the application of the revised regulation to
plant activities. WCNOC currently uses NEI 96-07 as a basis for the
procedures, forms and guidance for implementation of the regulation. However,
WCNOC has taken some minor exceptions to the guidance.

First, WCNOC reports on an annual basis evaluations performed and approved by
the PSRC within a calendar year regardless of implementation status. This
method of reporting is conservative in approach and has been the established
format since licensing.

Second, WCNOC has broadened the use of administrative changes to consider the
activity rather than the type of document containing the activity. In essence
then, Operating procedures may screen out of 50.59 if the change is
administrative.

Finally, WCNOC's commitment to Generic Letter 83-11, Supplement 1 are limited
therefore, WCNOC will not utilize that allowance to the extent described in NEI
96-07.

REGULATORY GUIDE 1.192 CURRENT REVISION INCORPORATED BY REFERENCE IN
10CFR50.55a(b)

Operation and Maintenance Code Case Acceptability, ASME OM Code

DISCUSSION:

Refer to the discussion on Regulatory Guide 1.147 for ASME OM Code Cases for
use in the second interval of the inservice testing program.

REGý ORY GUIDE 1.196 REVISION 0 DATED 5/03

Control Room tability at Light - REGULATORY GUIDE 1.194 REVISION 0
DATED 6/2003

DISCUSSION: •Atmospheric Relative Concentrations for Control
. . .... .... o Room Radiological

The Control Room Habitability Pro Habitability Assessments at Nuclear Plants
consistent with the guidance of TSTF- DISCUSSION:
specific aspects of Regulatory Guide The recommendations of this regulatory guide are
The recommendations of this regulato met as discussed in Section 2.3.4.
and preventive maintenance of the coI

REGULATORY GUIDE 1.197 REVISION 0 DATED 5/03

Demonstrating Control Room Envelope Integrity at Nuclear Power Reactors

DISCUSSION:

The Control Room Envelope Habitability Program in Technical Specification
5.5.18 is consistent with the guidance of TSTF-448, Revision 3, which
incorportes specific aspects of Regulatory Guide 1.197. An exception to
Section C.1 and C.2 is taken in that the Tracer Gas Test based on the
Brookhaven National Laboratory Atmospheric Tracer Depletion (ATD) Method is
used to determine the unfiltered air inleakage past the control room envelope
and control building envelope boundaries.
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4.2 FUEL SYSTEM DESIGN

The plant design conditions are divided into four categories in accordance with
their anticipated frequency of occurrence and risk to the public: Condition I
- Normal Operation; Condition II - Incidents of Moderate Frequency; Condition
III - Infrequent Incidents; and Condition IV - Limiting Faults. Chapter 15.0
describes bases and plant operation and events involving each condition.

The reactor is designed so that its components meet the following performance
and safety criteria:

a. The mechanical design of the reactor core components and
their physical arrangement, together with corrective
actions of the reactor control, protection, and emergency
cooling systems (when applicable) ensure that:

1. Fuel damage* is not expected during Condition I and
Condition II events. It is not possible, however, to
preclude a very small number of rod failures. These
are within the capability of the plant cleanup system
and are consistent with plant design bases.

2. The reactor can be brought to a safe state following
a Condition III event with only a small fraction of
fuel rods damaged** although sufficient fuel damage
might occur to preclude immediate resumption of
operation.

3. The reactor can be brought to a safe state and the
core can be kept subcritical with acceptable heat
transfer geometry following transients arising from
Condition IV events.

b. The fuel assemblies are designed to withstand loads
induced during shipping, handling, and core loading
without exceeding the criteria of Section 4.2.1.5.

c. The fuel assemblies are designed to accept control rod
insertions in order to provide the required reactivity
control for power operations and reactivity shutdown
conditions (if in such locations).

* Fuel damage as used here is defined as penetration of the
fission product barrier (i.e., the fuel rod clad).

** In any case, the fraction of fuel rods damaged must be
limited so as to meet the dose guideline of 10 CFR ".

5 0.6-7]
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4.3 NUCLEAR DESIGN

4.3.1 DESIGN BASES

This section describes the design bases and functional requirements used in the
nuclear design of the fuel and reactivity control system and relates these
design bases to the General Design Criteria (GDC) presented in 10 CFR 50,
Appendix A. Where applicable, supplemental criteria such as the "Final
Acceptance Criteria for Emergency Core Cooling Systems" are addressed. But,
before discussing the nuclear design bases, it is appropriate to briefly review
the four major categories ascribed to conditions of plant operation.

The full spectrum of plant conditions is divided into four categories, in
accordance with the anticipated frequency of occurrence and risk to the public:

a. Condition I - Normal Operation
b. Condition II - Incidents of Moderate Frequency
c. Condition III - Infrequent Faults
d. Condition IV - Limiting Faults

In general, the Condition I occurrences are accommodated with margin between
any plant parameter and the value of that parameter which would require either
automatic or manual protective action. Condition II incidents are accommodated
with, at most, a shutdown of the reactor with the plant capable of returning to
operation after corrective action. Fuel damage (fuel damage as used here is
defined as penetration of the fission product barrier, i.e., the fuel rod clad)
is not expected during Condition I and Condition II events. It is not
possible, however, to preclude a very small number of rod failures. These are
within the capability of the chemical and volume control system (CVCS) and are
consistent with the plant design basis.

Condition III incidents do not cause more than a small fraction of the fuel
elements in the reactor to be damaged, although sufficient fuel element damage
might occur to preclude immediate resumption of operation. The release of
radioactive material due to Condition III incidents is not sufficient to
interrupt or restrict public use of those areas beyond the exclusion radius.
Furthermore, a Condition III incident does not by itself generate a Condition
IV fault or result in a consequential loss of function of the reactor coolant
or reactor containment barriers.

Condition IV occurrences are faults that are not expected to occur but are
defined as limiting faults which must be designed against. Condition IV faults
do not cause a release of radioactive material that results in exceeding the
limits of 10 CFR 4-4.50.67

The core design power distribution limits related to fuel integrity are met for
Condition I occurrences through conservative design and maintained by the
action of the control system. The requirements for Condition II occurrences
are met by providing an adequate protection system which monitors reactor
parameters. The control and protection systems are described in Chapter 7.0,
and the consequences of Condition II, III, and IV occurrences are given in
Chapter 15.0.
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CHAPTER 6.0

ENGINEERED SAFETY FEATURES

Engineered safety features (ESF) are those safety-related systems and
components designed to directly mitigate the consequences of a design basis
accident by:

a. Protecting the fuel cladding

b. Ensuring the containment integrity

c. Limiting fission product releases to the environment
within the guideline values of 10 CFR, Part 4- 50.67-1

The limiting design basis accidents which are discussed and analyzed in Chapter
15.0 and Section 6.3 are:

a. Loss-of-coolant accident (LOCA)

b. Main steam line break (MSLB)

c. Steam generator tube rupture

d. Fuel handling accident

(Items a and b are also discussed in Section 6.2)

The engineered safety features consist of the following systems:

a. Containment (Section 6.2.1)

b. Containment heat removal (Section 6.2.2)

c. Containment isolation (Sections 6.2.4 and 6.2.6)

d. Containment combustible gas control (Section 6.2.5)

e. Emergency core cooling (Section 6.3)

f. Fission product removal and control systems (Section 6.5)

g. Emergency HVAC and filtration (Section 9.4)

h. Control room habitability (Section 6.4)

i. Auxiliary feedwater (Section 10.4.9)

The containment is provided to contain radioactivity following a LOCA.

6.1-1 Rev. 13
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6.2 CONTAINMENT SYSTEMS

The containment systems include the containment, the containment heat removal
systems, the containment isolation system, and the containment combustible gas
control system.

The design basis accident (DBA) is defined as the most severe of a spectrum of
hypothetical loss-of-coolant accidents (LOCA) . The ability of the containment
systems to mitigate the consequences of a DBA depends upon the high reliability
of these systems. This section provides the design criteria and evaluations to
demonstrate that these systems function within the specified limits throughout
the unit operating lifetime.

6.2.1 CONTAINMENT FUNCTIONAL DESIGN

A physical description of the containment and the design criteria relating to
construction techniques, static loads, and seismic loads is provided in Section
3.8. This section pertains to those aspects of containment design, testing,
and evaluation that relate to the accident mitigation function.

6.2.1.1 Containment Structure

6.2.1.1.1 Design Bases

The safety design basis for the containment is that the containment must
withstand the pressures and temperatures of the DBA without exceeding the
design leakage rate, as required by 10 CFR 50, Appendix A, General Design
Criterion 50, and that, in conjunction with the other containment systems and
the other engineered safety features, the release of radioactive material
subsequent to a DBA does not result in doses in excess of the guideline values
specified in 10 CFR t91f The radiological consequences of the DBA are
presented in Section 15.6., L.7

a. Assumed Accident Conditions

For the purpose of determining the design pressure
requirements for the containment structure and the
containment internal structures, the following
simultaneous occurrences were assumed:

1. The postulated reactor coolant system pipe rupture,
as listed in Table 6.2.1-1, was assumed to be
concurrent with the loss of offsite power and the
worst single active failure. No two pipe breaks were
assumed to occur simultaneously or consecutively.

6.2-1 Rev. 0
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f. Bases for Containment Depressurization Rate

To meet the containment safety design basis of limiting
the release of radioactive material subsequent to a DBA
so that the doses are within the guideline values
specified in 1 -O-- , the containment pressure is
re o less than 50 percent of the peak calculated

50.67 pressure within 24 hours after an accident. Chapter 15.0
contains the assumptions used in the analysis of the
offsite radiological consequences of the accident.

g. Bases for Minimum Containment Pressure Used in ECCS
Performance Studies

The minimum containment pressure transient used in the
analysis of the emergency core cooling system's
capability is based on the conservative overestimated
heat removal capability and pressure reduction capability
of the containment structures and the containment systems
and on the conservative reactor coolant system thermal
analysis provided in Section 15.6. The determination
and evaluation of the minimum containment pressure
transient are provided in Section 6.2.1.5.

6.2.1.1.2 Design Features

The principal containment and containment subcompartment design parameters are
provided in Table 6.2.1-2. General arrangement drawings for the reactor
containment are provided in Figures 1.2-9 through 1.2-18. Simplified
arrangement drawings illustrating the nodalization model used for the
containment subcompartment analyses are provided in Figures 6.2.1-27 through
6.2.1-33, 6.2.1-43 through 6.2.1-55, and 6.2.1-76.

a. Missile and Pipe Whip Protection

Missile shield considerations are described in Section
3.5. The structural design of the containment and the
containment subcompartments is discussed in Section 3.8.
The designed structural strength considers the effects of
pipe whip and jet forces, as discussed in Section 3.6.

b. Codes and Standards

The codes, standards, and guides applied in the design of
the containment structure and the containment internal
structures are identified in Section 3.8.
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SAFETY DESIGN BASIS EIGHT - The hydrogen purge subsystem serves as a backup to
the hydrogen recombiners and is capable of venting and purging the containment
atmosphere in order to maintain the hydrogen concentration below 4.0 volume
percent following a LOCA. With the purge system operating, the doses at the
exclusion area boundary and the low population zone outer boundary does not
exceed the guideline values of 10 CFR 44, Except for the containment
penetration and associated isolation valv' \, the purge subsystem is not
redundant or seismic Category I, as allowelbw egulatory Guide 1.7.

SAFETY DESIGN BASIS NINE - The containment design and hydrogen mixing
provisions ensure adequate mixing of the containment atmosphere in order to
eliminate stagnant pockets and prevent stratification of the hydrogen-air
mixture.

SAFETY DESIGN BASIS TEN - The hydrogen monitoring subsystem is designed to
inform the operator of the hydrogen concentration inside the containment and to
provide periodic samples of the post-LOCA containment atmosphere to be analyzed
for-hydrogen and/or oxygen and other substances, if required.

SAFETY DESIGN BASIS ELEVEN - The HCS is designed with provisions for periodic
inspection and testing of all safety-related components (GDC-42 and 43).

6.2.5.1.2 Power Generation Design Bases

POWER GENERATION DESIGN BASIS - The hydrogen mixing subsystem provides
continual mixing of the containment air during normal plant operation. The
containment penetrations in the hydrogen monitoring subsystem are closed during
normal plant operation. The remainder of the HCS performs no function during
normal plant operations.

6.2.5.2 System Design

6.2.5.2.1 General Description

The total system for control of combustible hydrogen concentrations in the
containment following a LOCA, shown schematically in Figures 6.2.5-1 and 9.4-6,
consists of a hydrogen monitoring subsystem that provides containment
atmosphere samples, hydrogen mixing provisions which assure a nearly uniform
hydrogen concentration in the containment atmosphere, electric (thermal)
hydrogen recombiners which provide the primary means of reducing containment
hydrogen concentrations, and a hydrogen purge subsystem which is used as a
backup system to the recombiners.

6.2-74 Rev. 8
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Steam System Pipe Failure

The steam release arising from a rupture of a main steam pipe would result in
energy removal from the RCS, causing a reduction of coolant temperature and
pressure. In the presence of a negative moderator temperature coefficient, the
cooldown results in an insertion of positive reactivity. There is an increased
possibility that the core will become critical and return to power.

The core is ultimately shut down by the boric acid injection delivered by the
safety injection system. Capability for injection of the boric acid solution
is maintained, assuming any single failure in the safety injection system.

For cases where offsite power is assumed to be available, the sequencing of
events in the safety injection system is the following. After the generation
of the SIS (appropriate delays for instrumentation, logic, and signal transport
included), the appropriate valves begin to operate and the centrifugal charging
pumps start. In 12 seconds, the valves are assumed to be in their final
position, and the pumps are assumed to be at full speed. This delay, described
above, is included in the calculations.

In cases where offsite power is not available, an additional 12-second delay is
assumed to start the diesels and to load the necessary safety injection
equipment onto them.

The analysis has shown that even assuming a stuck RCCA with or without offsite
power, and assuming a single failure in the engineered safeguards, the core
remains in place and intact. Radiation doses will not exceed 10 CFR I
guidelines. 50.67

DECREASE IN HEAT REMOVED BY THE SECONDARY SYSTEM

Feedwater System Pipe Break

A major feedwater line rupture is defined as a break in a feedwater line large
enough to prevent the addition of sufficient feedwater to the steam generators
to maintain shell side fluid inventory in the steam generators. If the break
is postulated in a feedwater line between the check valve and the steam
generator, fluid from the steam generator may also be discharged through the
break. Further, a break in this location could preclude the subsequent
addition of auxiliary feedwater to the affected steam generator. (A break
upstream of the feedwater line check valve would affect the NSSS only as a loss
of feedwater. This case is covered by the evaluation in Sections 15.2.6 and
15.2.7).
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6.5.1.3 Safety Evaluation

Safety evaluations are numbered to correspond to the safety design bases given
in Section 6.5.1.1.1.

SAFETY EVALUATION ONE - Table 6.5-1 lists the ESF filtration systems' design
parameters used to determine the radiological consequences for the postulated
accidents analyzed in Chapter 15.0. The results of these analyses demonstrate
that the emergency exhaust system reduces and controls fission products
released from the fuel building following a fuel handling accident or released
from the auxiliary building following a LOCA, such that the offsite radiation
exposures are within the guidelines of 10 CFR 4-Q4. The safety evaluations
which demonstrate the design and construction 50-.67e ESF filtration systems are
provided in Sections 9.4.2 and 9.4.3. 5067

SAFETY EVALUATION TWO - The results of the analyses described in Chapter 15.0
demonstrate that the control building HVAC systems reduce and control fission
product release to the control room following a LOCA, suc4/that the offsite
radiation exposures are within the guidelines of 10 CFR -i. The safety
evaluations which demonstrate the design and construction of these control
building HVAC systems are provided in Sections 9.4.1 and 6.4.

6.5.1.4 Tests and Inspections

Tests and inspections for ESF filter systems are described in Section 9.4.

6.5.1.5 Instrumentation Requirements

Instrumentation and controls are provided to facilitate automatic operation and
remote control of the system and to provide continuous indication of system
parameters. Further descriptions are provided in Section 9.4.

6.5.1.6 Materials

The materials used for ESF filtration systems were chosen considering the
environmental conditions and are commensurate with acceptable construction
practices. Further information is provided in Section 9.4.

6.5.2 CONTAINMENT SPRAY SYSTEM

The containment spray system (CSS) is an ESF, the functions of which are to
reduce pressure and temperature in the containment atmosphere following a
postulated LOCA and to remove radioactive
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fission products from the containment atmosphere. These functions are
performed by spraying water into the containment atmosphere through a large
number of nozzles on spray headers located in the containment dome. Reduction
of pressure and temperature in the containment with the CSS is discussed in
Section 6.2.2.

Radioiodine in its various forms is the fission product of primary concern in
the evaluation of a LOCA. It is absorbed by the containment spray from the
containment atmosphere. To enhance this iodine absorption capacity of the
spray, the spray solution is adjusted to an alkaline pH which promotes iodine
hydrolysis, in which iodine is converted to nonvolatile forms.

The physical characteristics of the CSS are discussed in Section 6.2.2.
Discussed herein are the spray additive portion of the system and the
containment spray system's fission product removal capability following a LOCA.

6.5.2.1 Design Bases

6.5.2.1.1 Safety Design Bases

SAFETY DESIGN BASIS ONE - The CSS is designed to provide a spray solution while
the spray additive portion of the system is in operation in the pH range of 9.0
to 11.0 and a final containment recirculation sump solution with a pH of at
least 8.5.

SAFETY DESIGN BASIS TWO - The CSS is capable of reducing the iodine and
particulate fission product inventories in the containment atmosphere such that
the offsite radiation exposures resulting from a design basis LOCA are within
the plant siting dose guidelines of 10 CFR -- F50. 6-7

Additional safety design bases are included in Section 6.2.2, in which the
capability of the spray system to remove heat from the containment atmosphere
is discussed.

6.5.2.1.2 Power Generation Design Basis

The CSS has no power generation design basis.

6.5.2.2 System Design

6.5.2.2.1 General Description

The containment spray additive portion of the CSS provides for eduction of 30
weight percent (nominal) sodium hydroxide into the spray injection water. This
yields a spray mixture with a pH of from 9.0 to 11.0 during the initial period
of operation, when radioiodine is being removed from the containment
atmosphere.

Rev. 3
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The design minimum spray water pH of 9.0 coupled with the dependent parameters
identified in Safety Evaluation Two below, assure the minimum elemental iodine
removal coefficient of 10.0 per hour during the spray injection phase. The
design minimum sump pH of 8.5 assures long-term iodine retention in the
recirculated spray liquid.

The maximum pH of the spray solution in the CSS during the spray injection
phase is 11.0, based on the maximum allowable eductor sodium hydroxide flow
rate and minimum boric acid concentration in the RWST.

The system is designed to provide a spray solution in the CSS during the spray
recirculation phase with a maximum spray pH of less than 11.0 based on a sump
pH of at least 8.5 (due to prior addition of NaOH), design spray recirculation
flow rate, as noted in Table 6.2.2-2, and maximum spray additive flow rate
greater than 46 gpm. To preclude closure of the valve between the spray
additive tank and the spray additive eductors before sufficient NaOH has been
added to meet the sump pH criterion, an interlock is provided on the motor-
operated valves from the spray additive tank to prohibit closure of the valves
before the prescribed amount of NaOH has been added to the sump. The total
volume of sodium hydroxide added to the containment following a LOCA results in
a minimum pH of 8.5 in the sump, and the rate of addition maintains the spray
solution pH in the CSS between 9.0 and 11.0 for all single failures within the
system. Single failure analysis for the spray additive subsystem is given in
Table 6.5-4. The sump pH, as a function of time, is provided in Figure 6.5-5.

SAFETY EVALUATION TWO - The spray 4e4ýne removal analysis is based on the
assumptions that:

a. Only one out of two spray pumps is operating

b. The ECCS is operating at its maximum capacity

6.5-9 Rev. 13
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WOLF CREEK injection and

recirculation spray
design flow rates

The spray system is assumed to spray approximately 85 percent of the total
containment net free volume. This volume consists of those areas directly
sprayed plus those volumes which have good communication with the directly
sprayed volumes. The remaining 15 percent of the containment free volume has
restricted communication with the sprayed volumes and is assumed to be
unsprayed. A description of the unsprayed volumes is presented in Table 6.5-2.

The containment spray additive subsystem is used to maintain the spray solutio
at a minimum pH of 9.0 during NaOH injection to ensure efficient and rapid
removal of the iodine from the containment atmosphere.

The performance of the spray system was evaluated at the containment post-LOC
calculated saturation temperature corresponding to the calculated peak
pressures provided in Table 6.2.1-8 and the containment design pressure
provided in Table 6.2.1-2. The spray desicjR flow rate of 2 gpm per train
was used in the calculati rl ~-1-8vided in Appendix 6.5A. 2900

Based on Regulatory Guide A-4$, three species of airborne iodine are postulated
to exist in the containment atmosphere following a LOCA. These are elemental,
particulate, and organic species. 50 0

It has been assumed in these evaluations o pray removal effectiveness that
organic iodine forms are not removed by the s dium hydroxide spray. A imited
credit for the removal of airborne particulat containing iodine has een

taken, assuming that the spray removal rate is 45 hr-1 until a DF of 0 is
attainedd Credit for removal of elemental iodine is based on a spray removal

rate of 1- hr -I until a d f- of !00 - attained. These assumptions underestimate
the actua amounts of iodine removed hus result in calculated accident
doses high r than could realistically be expe FDF of 00ý

Utilizing t e dose analysis input parameters indicated above and in Table 6.5-
2, the dose analysis of Chapter 15.0 demonstrates that offsite radiation
exposures re ulting from a design basis LOCA are within the plant siting dose
guidelines o 10 CFR -O4. 50-67
Appendix 6.5A rovides the model used to calculate the ig4p-- removal

coefficients p ovided in Table 6.5-2.

6.5.2.4 Tests nd Inspections

All active compo ents in the spray additive subsystem are tested both by
performance test in the manufacturer's shop and by inplace testing after
installation.

and the spray
removal rate
is 0.5 hr1

after a DF of
50 is attained.
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The corrosion of materials in the NSSS and the containment building, resulting
from the spray solution used for iodine absorption, has been tested by the
Reactor Division at ORNL (Ref. 2). The spray solutions provided in Table 6.5-5
result in negligible corrosion, based on these studies.

Sodium hydroxide does not undergo radiolytic decomposition in the post-LOCA
environment. Sodium has a low neutron absorption cross section and will not
undergo significant activation.

With respect to the potential for pyrolytic decomposition, NaOH is stable to at

least its melting point temperature of 604'F. It may convert to sodium oxide
(Na20) upon removal of the water.

6.5.3 FISSION PRODUCT CONTROL SYSTEMS

6.5.3.1 Primary Containment

The containment consists of a prestressed post-tensioned, reinforced concrete
structure with cylindrical walls, hemispherical dome, and base slab lined with
welded quarter-inch carbon steel liner plate, which forms a continuous,
leaktight membrane. Details of the containment structural design are discussed
in Section 3.8. Layout drawings of the containment structure and the related
items are given in the general arrangement drawings of Section 1.2.

The containment walls, liner plate, penetrations, and isolation valves function
to limit the release of radioactive materials, subsequent to postulated
accidents, such that the resulting offsite doses are less than the guideline
values of 10 CFR 4-04. Containment parameters affecting fission product release
accident analyse fiven in Appendix 15A.

Long-term containment pressure response to the design basis accident is shown
in Figure 6.2.1-1. Relative to this time period, the CSS is operated to reduce
iodine concentrations and containment atmospheric temperature and pressure
commencing with system initiation, at approximately 60 seconds, as shown in
Table 6.2.2-3 and ending when containment pressure has returned to normal. For
the purpose of post-LOCA dose calculations discussed in Chapter 15.0, two dose
models have been assumed, the 0-2 hour case and the 0-30 day case, as shown in
Appendix 15A.

The containment minipurge system may be operated for personnel access to the
containment when the reactor is at power, as discussed in Section 9.4.6.
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TABLE 6.5-2 (Sheet 1)

INPUT PARAMETERS AND RESULTS OF
SPRAY 4•N•QN REMOVAL ANALYSIS

Ultimate core power rating

Total containment free volume1, maximumn

Unsprayed containment free volume

Area coveraqe at the ...ratinGi ... k

3,565 MWt

F 15.x 106 ft 3pe

<15.0 percent

Calculated

Mi.ing rate betw.ee.n sprayed and
unsprayed ;-olumoc-

seD mede-

Minimum vertical distance to
operating deck from lowest spray
header

Net spray flow rate per train7 -
inj action phase

Design NaGH flew rate per oduetor

Number of spray pumps operating

Spray colutien pH

Elemental iodine absorption
coefficient, s, used in accident dose
calculations

E3Eeet-e a

Particulate Jedine absorption
coefficient, p, used in
accident ;culations

Calculatedp

Spray drop c4iz, design

ISpray drop fall time

>99 poreon
-93 percent

85,000 efm *

118 feet 2-in-

,,z- 12900 gpm
44 2 gpm

1

9.0 to 11.0

10 hr- 1 *

25.7 hr- *

. 5.0 hr-1 initially, changing
abruptly to 0.5 hr-1

See Figcure 6.5 210.116Cm

18.764 sec I
Rev. 13
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TABLE 6.5-2 (Sheet 2)

Schmdidt number

C-ac dkiffusiVi:ty

11. 58

0.064

E;,00oo

*Used DFs of upto 1".

A.A ck alcul--1atcda frotm. A-:PPndiX G.A.EA

- ikae~guaEc mAIK3inc Anr #4tQ at1nr~rimesphere r'*eI '¶ '1flci *; TH( QAr,
encsured- by effects o-f hontalblouadown, containm~ent spr-ays,
natural convection and forced air ventilation provided by the
cRnetanment coolers vit-hut rdIiance en the hydrSgen mixing faa1.
RePfer #A Section; 9.P.5 fo'r additional ifrain

** The maximum volume is conservative for the calculation of containment spray
removal coefficients in Appendix 6.5A since the equations used include the
containment volume as a divisor.

*** Changed when DF of 50 is reached.

****Note that this is larger (more conservative) than the results obtained by tests, as

shown in Sheet 3.

Bounds both injection and recirculation.
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TABLE 6.5-2 (Sheet 4)

UNSPRAYED CONTAINMENT FREE VOLUME

Unsprayed Region

Pressurizer enclosure and overhang

Region below the four RC pump hatches

Pressurizer safety valve enclosure

Region below the four containment
coolers and two filter adsorber units

Pressurizer spray valve enclosure

Region under CRDM PLENUM/SEISMIC SUPPORT PLATE

Elevator machine room and elevator shaft

Region under concrete flooring used
for structural strength and shielding

Total unsprayed free volume

Percentage of free volume unsprayed

Volume (ft 3 )

26,511

44,245

14,392

63,852

8,920

3,189

16,596

182,821

360,526

-14.4% "1

I* Based on a free volume of 2.5xl 06 ft3 . I

Rev. 22
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APPENDIX 6.5A

TDTDNR REMOVAL MODELS
FOR THE

CONTAINMENT SPRAY SYSTEM
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6.5A.1 PARTICULATE TQQZN-W, MODEL

The spray washout model for aerosol particles is represented in equation for
as follows:

1 3hEF
P =2dV (6.5A-1) bYSRP6.5.2 (Ref. 1)

Where:

ip = spray removal constant for particles

: h fall height

= tut collection efficiency for a sinyle drop S of diameterd

F = spray flow rate 10 rn- 1 until a DF oi

d M [ean dLUp tdiaLeLet= 50 is reached and

V = volume of gas space Isprayedvolume d is 1 rn-1 after a F

eof 50 is reached
diffusiophoresis, interception, and impaction. Early i 1 1 c h ,
parti4les are •rmoed mainl, bgy impactiopn Following inj-ec-tin, .hen the
jarCner Parh'~j~j@ hallu b1 e eep rePA~e, _ e .12@n~ M tw 7 2gf

on the spray dr•p.•. The sinl drop collection efficiency, E, is taken as
0.0015, t~he ilLIIinLum value observed in exper. LittenHLdl tests (Ref. 1). The ,li~liullum
collectiuon effidienuy, 0.00C15, was olily ditdtlLed aftet tihe mLLajor frcdUtiuL of
dtlbOute partiUtles Was rel[oVed. Fut_ edrly Lime periods, tlhe reJLiovdl Ldteb were
much lltyhe LIhdJl Lhe minimu1mt vdlues ult iatdely teddled.

The spray removal constant (1p) for particulate i,-o-44 has been calculated to

be • 7 =--, based on equation 6.5A-1.

frthe Q to 2-houjr peridGI following thle po~stu.latedl L9CA (See Tgble

5.0 hr-1 until a
DF of 50 is
reached and
0.5 hr1 after a
DF of 50 is
reached
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6.5A.2 ELEMENTAL IODINE MODEL

The spray system, by virtue of the large surface area provided between the
droplets and the containment atmosphere, will afford an excellent means of
absorbing elemental radioactive iodine released as a consequence of a LOCA.
Sodium hydroxide is added to the spray fluid to increase the solubility of
iodine in the spray to the point where the rate of absorption is largely
dependent on the concentration of radioiodine in the air surrounding the drops.

leThC bspic mod.. of theh Contaýinment atmosphere and spray system is given bgy
Parsley (Ref. 4). The containment atmosphere is viewed a "black box" having

Liquid ete..rs at a flo.w of. F v lIume .per unit time, containing iodWin at a
concentration of CL!, and leaves at the same flow, at concentration CL2. A
material balance for the containment vessol as a function of time is given by:

-Vdgg - F WCL2- T I % .-4, (6.5A-2)

Mho4ýre:

CL! - the iodine concentration in the liquid entering the

dispeseidi hase, imui e i h

L2-the; iodinez concentrr:ation in the 1Qlcud l-avino the-

dispersed phase, omc/tinet

- or . zaved volumek Of con-tain4men~t. effta

LI1i~ IU'JILIU ~O11~i~f1LL~LIU11 Ill UJiw (JUfLUJIflJI[uLlL wUmospriere,

g~ema

flw - etf41&-r - -

t - spray time, S..

A drop absorption efficiency, E, which may be described as the fraction of

s:atu-CLration, is die/fine d as:

Z - (C;L2 - CL)' (C;L* - (;Ll) ( A3

In -addition, t~he eqiibimditiuto f iodineg betw;een the v~apor andi

• • ...... • •

= C- .L*'/Qg (6 5 A-•)
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The removal model for elemental iodine is represented in equation form by SRP 6.5.2 (Ref. 1) as follows:

6 (Kg)(T) (F)

(V)(D)

Where:

I, = spray removal constant for elemental iodine

Kg = gas-phase mass-transfer coefficient

T = time of fall of the spray drops

F = spray flow rate

V = sprayed volume

D = diameter of the spray drops

The minimum observed gas-phase mass-transfer coefficient, Kg, is 3 m/min (Ref. 2).
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Wh.~ere:

14 - The _iodine partition cefint(gm/liter- of
li ..uids),( m/l .te .of gas)

- The equilibrium concentration in the liquid, gm/cm3

S titutio of• equation 6 5A- to equat io 1 6 .•5A-3 yields

E - (CL2 - CLI)/(HCg - CLI) (6.5A-5)

Solving equation 6_5A-15 for (rT - TLI) and inserting the result into equation
6.5A-2 gives

-(Vodf - EF6 (Hcgc - CLl) Gt= 6.A6

During the injection phase, CLi - , so,; that

-(S7)d~g - (EFýHQ;)dt ( Aý

E qu. tio c 6. _-7 Gan be integrated to olve fQ r . The cocnidin
i- the. ct atmosphere during injection as a fun.c.tio. of time ios giodven

•q~£ exp [-EHFt/V] (.A8

Whepre :

- The initial iodine concentration in the containment

atmosphere, gm / es

Equation 6d5A-8 is applicable Up to the time the spray solutiot is recircl 71at

and ig baseg~d on thp fcdlIowino asswmztigpg

a-.- Cg is uniform throughout the containment

G-- The concentration of iodine in the spray solution
entering the containment is zero

From equation 6.5A-8, the spray .r.emoval ; constant, 1, is given by

!l-EHF

V6.5A-9)

6.5A-4 Rev. 1
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The above equation for is-i.
evaluation of the drop absorp
o.fficient, H, may be based-.

ndependent of the models on which the numerical
tion efficienc.. F.. and the i.din.. .artIt.on

Absorption efficiency for elemental iodine may be calculated from the time-
dependent diffusion equation for a rigid sphere with the gas film mass
transfer resistance as a boundary condition. This mass transfer model was
suggested by L F Parsley (Ref 4), who gives the sQoutio to the diffusion
equation, with the above given boundary condition, as:

4S2e

he e: =! -( zn

5h - the dimensionless Qroup - kQ a,/HDL

a the drop radius, cm

- the gas film mass transfer coefficient,

- the liquid diffusivity, =m2!sec

- the dimensionless drop residence time

- the igenvalue of solution

It Ah•ouldr be noted that AhiS 6 solutin, Which applies to the rigid drop model,

is based on the assumption that molecular diffusion is the only mechanism by
which iodine is transported from the surface to the interior of the drop.
Since a high deg-re of mixing is expected in the drops,artcularl i t
presence of sixable temperature and concentration gradients, it is apparent
that this stagnant drop model presents a conservative approach to the
calculation- of iodine absorption by the drops.

The gas film mass transfer coefficient required for the above calculation is
comouted bv the eouation of Ranz and Marshil Ipefh Q

6. 5A-5 Rev. 1
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d - drop diameter, GM

A44 •f-r

Re - Reynold's number

Sc : Schmidt number

A more conservative numerical value of E is obtained from equation A .. 5.-...j

4- = e~p (6.5A-12)

Whore:~n

- drop absorption effc•,•enc

-- on" WýVeý ---- -------- ------- *"Me.

tie- drop exposuret

4 - drop diameter, cm

* - equilibrium partition .o.ffcien

Equation 65A-12 is bapd on a model in which it is a.sumed that the drop
consists of an outer Stagnant film and a well-mixed interior. Though this
model is basically nonconservative compared with the stagnant drop model
represented by equation 6.NA-ln, conser..tismis introduced into equation 6.5A-
IT when the -following expression is ued. for kL:

215.2 ah
(6.5A-13)

Where:

B" = liquid diffusivity of iodine in water,

4 w drop diameter, cm
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Equation 65-413 results from a truncated appro o (Ref. 6) to the rigid
drop diffusion equation duo to Griffith (Ref. 7V- Griffith's apoiaini
conservative in that it prodicts lower absorption than would be predicted
w-Uthot Such aproimtinfor stagnant drop absorption.

The numerical value of E obtained from equation 6.5A-12 is more conservative
than- th. one obtain.ed -from- equation 6.5A-0, as shown by Pos.mand.....
(Ref. 6) by comparing them With. the nume-r-ic-a Valuo of 6- based upon ano~t-her
Model- Th = ..e....en model- chosen by P-Stma and Pasedag (Ref. ) for
comparison. is the completely well mix-pd. model in which. the solution inA the
enti.re drop, including the interio. as wel as the gas-liquid interface, is In
equilibrium. with the iodine concentration in the gas phase out-side the drop.
The expression in this reference model is:

The absorption efficiency is a. fuct-i-on the drop size, the gas phase *mas
transfer coefficient, diffusion- in- the liquid phase, the partition cefcet
and the drop fall time.

Eggleton's equation (Ref. 8) for the equilibrium elemental iodine
decontainationfactors, OF, is given by:

Where:

w Gaseous volume of the containment

&I-~ Liquid Volume of the cotimnwhich may be usedLfor.
calculation of the partition coefficient, H, for a
given value of the DF. However, equation 6.5A-!5 was
nopt used in the present analysis; instead, a nuMerical
valuen of 5,000 for H, the minimum found from CSE tests
(Refs. 9 and 10) for sodium hydroxide spray, was used
in the evaluation of. L-

Since the spray does not consist of a uniform droplet size, a spectrum of drop
szYes and their corresponding Volume percentage (for the specific nozzle
design) were used to determine the individual spray removal constant for each
droplet size. The total spray removal- cnstant is equal to the sum of the
individual spray rpemoval constants, i-e.:

6. 5A-7 Rev. 1
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- ~44
1-1

R- m= (6.5A-16)

Singe the flall time@, L". is dependent on. distance f~rom the sp-ray headAer to h

operat.ing . eclk, and e ah spr- ayea ader A sitrs of ring header ( ), lc-4a.te d a t
var-ious levels, i was calcr-ulated -for each spray ring header ( ,utilizing the

appopiae rop dijstance for e~ach hekader.7ý

There4gfore,

(6.5A-17)

Where:ý

4I

4I

4

miro icrmeti for- ring~f hea;der

-spr-ay flo~w rat-e for mcronincrment- I for-

he a dpl I

and,
4E 4E±LnoZZle) .I (6 5A-18)

Wherl+e

F.,/nozzle
4=

i-i

les on r in g

number frequency for micron increment i

(Figure 6.5-2)

Y49 w volume of a drop in micron increment i

As the spray solution enters the high-temperature containment atmosphere, steam
l c s onthe spray drops. The amnt of c nsati i easily

calculated by a mass balance of the drop:
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nwerg :

m and m' the mass of the drop before and after condensa-
tion. lbs

m w the mass of condensate UbP

0-I 1H 1 5 A- 44 - A- A -0 AW-""Q0 0 0 -- A1b~i X t ati 0L U CU , -AU

h ad h4 The saturation enthalpy of water vapor and

The increase

UP:

liquid, Btu/lb
in each drop diqmeter inP the dstriburion, therefore, is civen by:

ampC RQQUU4,IU vUILIIILU Un jll(2UIUW Ri bjUL0I-

•sl 
L/OIl 

.
UIIC. SAYMbI TIQWJ M On ONGI QTl "Whos WMWM"-LLU bU[

4N.z U Wll

" the JUPnt hy~t go
. .. . ... . . .. . .. . . . . . . . p . . . . . /.. . --b

LilC PUll0llmlU".' UtS tz.R-a abl[ oi oLlnll UU -A"

d and d' the drop diameter before
4cm

and. aftercodnai,

Postma and Pasedag (Ref. 6) conclude that condensation will tend to increase
the iodine washout rate due to the increased volume of the spray. Their effect
has been conservatively ignored.

The drop exposure time calculated is based on the assumption that the drops
were sprayed in such. a ma.nne.r that the ini.downwa.rd. velocity of the drops
at the spray ring header elevation was zero. The drops fall under the effect
of gravity from the spray ring header to the operating dc. The Aminmu1m
height is given in Table 6.5-2. As the drop size increases, the average
residence time decreases from about 20 to 5 seconds. Incorporating the above

parameter into- equation 6.5A-16 With the sprayed containment volume, V. and
.4-~ 4 1 A T-- - -- A *

-M-SUM-R, M 6 Rg 0 spray G-R-G-A -- Q-w ra Q, e va-g- a spray r
IJUUILIUICI4s AnIUIIU lb-W UIb'IICU Il IUl
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The resulting elemental iodine spray removal constant is greater than 10 hr-1

Only this conservative removal constant of 10 hr-I is assumed and used in the
design basis LOCA evaluations presented in Section 15.4.
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CHAPTER 7.0

INSTRUMENTATION AND CONTROLS

7.1 INTRODUCTION

This section describes the various plant instrumentation and control systems
and the functional performance requirements, design bases, system descriptions,
design evaluations, and tests and inspections for each. The information
provided in this chapter emphasizes those instruments and associated equipment
which constitute the protection system, as defined in IEEE Standard 279-1971,
"IEEE Standard: Criteria for Protection Systems for Nuclear Power Generating
Stations."

The instrumentation and control systems provide automatic protection and
exercise proper control against unsafe and improper reactor operation during
steady state and transient power operations (Conditions I, II and III) and to
provide initiating signals to mitigate the consequences of emergency and
faulted conditions (Condition III and IV) . ANS conditions are discussed in
Chapter 15.0.

Applicable criteria and codes are listed in Table 7.1-2.

7.1.1 IDENTIFICATION OF SAFETY-RELATED SYSTEMS

Safety-related instrumentation and control systems and their supporting systems
are those systems required to ensure:

a. The integrity of the reactor coolant pressure boundary.

b. The capability to shut down the reactor and maintain it
in a safe shutdown condition following any design basis
accident.

c. The capability to prevent or mitigate the consequences of
accidents which could result in potential offsite
exposures comparable to the guideline exposures of 10 CFR

The definitions provided below are used to classify the instrumentation systems
into the categories defined for Chapter 7.0 by Regulatory Guide 1.70.

A listing of these systems, by categories, that are comparable to those of
nuclear power plants of similar design is given in Table 7.1-1. Table 7.1-1
also identifies the systems that are different with references to discussions
of those differences.

7.1-1 Rev. 19



WOLF CREEK

WOLF CREEK

TABLE 7A-3, DATA SHEET 13.1

I. REGULATORY GUIDE 1.97 TABLE 2 RECOMMENDATIONS

VARIABLE
IDENT. NO. VARIABLE RANGE CATEGORY PURPOSE

E.6.1 Primary Coolant Grab Sample 35,18 Release assessment, verification analysis

E.6.1.1 Gross Activity 10 pCi/ml to 10 Ci/ml

E.6.1.2 Gamma Spectrum (Isotopic Analysis)

E.6.1.3 Boron Content 0 to 6,000 ppm

E.6.1.4 Chloride Content" 0 to 20 ppm

E.6.1.5 Dissolved Hydrogen
or Total Gas "'

E.6.1.6 Dissolved Oxygen"' 0 to 20 ppm

E.6.1.7 pH 1 to 13

B.1.3 RCS Soluble Boron 0 - 6,000 ppm 3 Verification
Concentration

C.1.3 Analysis of Primary 10 pCi/gm to 10 Ci/gm or 35 Detail analysis, accomplishment of
Coolant (Gamma Spectrum) TID -44 44 source term in mitigation, verification, long-term

coolant ume surveillance

E.6.3 Containment Air Grab Sam e Release assessment, verification analysis

E.6.3.2 Oxygen Content 0 to 30 ercent Release assessment, verification analysis

E.6.3.3 Gamma Spectrum (Isotop c Analysis) Release assessment, verification analysis

IRequlatorv Guide 1.183 1
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SAFETY DESIGN BASIS ONE - The FHS is protected from the effects of natural
phenomena, such as earthquakes, tornadoes, hurricanes, floods, and external
missiles (GDC-2) .

SAFETY DESIGN BASIS TWO - The FHS is designed to remain intact after an SSE or
following the postulated hazards of fire, internal missiles, or pipe breaks
(GDC-3 and 4).

SAFETY DESIGN BASIS THREE - The FHS components are capable of being tested
during plant operation. Provisions are made to allow for inservice inspection
and testing of components at appropriate times.

SAFETY DESIGN BASIS FOUR - The FHS is designed and fabricated to codes
consistent with the seismic category assigned by Regulatory Guide 1.29 and
industry standard specifications.

SAFETY DESIGN BASIS FIVE - The containment isolation provisions for the system
are selected, tested, and located in accordance with the requirements of GDC-54
and 10 CFR 50, Appendix J, Type B testing.

SAFETY DESIGN BASIS SIX - The FHS is designed and arranged so that there are no
loads which, if dropped, could result in damage, leading to the release of
radioactivity in excess of 10 CFR I-QZ guidelines, or impair the capability to
safely shut down the plant.

This meets the requirements of Regulatory Guide 1.13 and excludes the system
from the requirements of Regulatory Guide 1.104.

9.1.4.2 System Description

9.1.4.2.1 General Description

The fuel handling system consists of the equipment needed to refuel the reactor
core. Basically, this equipment is composed of cranes, handling equipment, and
a fuel transfer system.

The associated fuel handling structures are divided into seven areas. In
general, these areas are:

a. The refueling pool

b. The fuel transfer canal

9.1-29 Rev. 0
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SAFETY EVALUATION THREE - The FHS is initially tested with the program given in
Chapter 14.0. Periodic inservice functional testing is done in accordance with
Section 9.1.4.4. The fuel transfer tube is inspected in accordance with the
technical requirements of ASME Section XI.

SAFETY EVALUATION FOUR - Section 3.2 delineates the seismic category applicable
to the safety-related portions of this system. Table 9.1-7 shows that the
components meet the design and fabrication codes given in Section 3.2.

SAFETY EVALUATION FIVE - Sections 6.2.4 and 6.2.6 provide the safety evaluation
for the system containment isolation arrangement and testability.

SAFETY EVALUATION SIX - In the event of a fuel handling accident in the fuel
building, the radiological consequences analyzed in Chapter 15.0 demonstrate
that the 10 CFR Part I"-)- guideline values are not exceeded. The circumstances
resulting in a handl15 0 6 7 ident are limited to the following conditions.

a. Fuel drop from a lifting device

b. Improper operation of the transfer equipment and cranes

c. Drop of the fuel shipping cask

d. Drop of the RV head

The fuel handling equipment is designed to prevent a fuel assembly drop by
providing special gripping devices which are locked in a manner which will not
allow the release of the fuel assembly during transfer. The special features
are described in Section 9.1.4.2.2.

Improper operation of the fuel transfer system is prevented by the location of
special limit switches and interlocks which will not allow the movement of fuel
assemblies unless they are properly oriented, horizontal, thus avoiding a fuel
handling accident. Further description of these devices is given in Section
9.1.4.2.2.

Limit switches and interlocks located on the fuel handling cranes, in
conjunction with administrative limits, prevent any improper operations which
may result in a fuel handling accident. The limiting devices on the refueling
machine and spent fuel pool bridge crane do not allow fuel to be moved unless
it is in the proper orientation and handled correctly in the gripping tool of
the crane.

9.1-51 Rev. 21 1
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TABLE 9.1-3

DESIGN COMPARISON TO REGULATORY POSITIONS
OF REGULATORY GUIDE 1.13 REVISION 1,

DATED DECEMBER 1975, TITLED "SPENT FUEL
STORAGE FACILITY DESIGN BASIS"

Regulatory Guide
1.13 Position WCGS

1. The spent fuel storage facility (in-
cluding its structures and equipment, except
as noted in Paragraph 6 below) should be de-
signed to Category I seismic requirements.

2. The facility should be designed (a)
to keep tornadic winds and missiles generated
by these winds from the fuel storage pool and
(b) to keep missiles generated by tornadic winds
from contacting fuel within the pool.

3. Interlocks should be provided to prevent
cranes from passing over stored fuel (or near
stored fuel in a manner such that if a crane
failed the load could tip over on stored fuel)
when fuel handling is not in progress. During
fuel handling operations, the interlocks may
be bypassed and administrative control used to
prevent the crane from carrying loads that are
not necessary for fuel handling over the stored
fuel or other prohibited areas. The facility
should be designed to minimize the need for by-
passing such interlocks.

4. A controlled leakage building should en-
close the fuel pool. The building should be
equipped with an appropriate ventilation and
filtration system to limit the potential release
of radioactive iodine and other radioactive ma-
terials. The building need not be designed to
withstand extremely high winds, but leakage
should be suitably controlled during refueling
operations. The design of the ventilation and
filtration system should be based on the assump-
tion that the cladding of all of the fuel rods
in one fuel bundle might be breached. The in-
ventory of radioactive materials available for
leakage from the building should be based on the
assumptions given in 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 Boiling and Pressurized Water Reactors"
(Safety Guide 25).

1. Complies as described
in Section 9.1.2.1.1.

2. Complies as described
in Section 3.5, and
3.8.

3. Complies as described
in Section 9.1.4.

4. Complies as described
in Section 9.4.2 and
15.7.4.

Note that Regulatory
Guide 1.25 has been
replaced by following
Regulatory Guide 1.183.

Rev. 0
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SAFETY EVALUATION FOUR - The fuel storage pool cooling pump room coolers, the
emergency exhaust system, and the fuel building HVAC boundary penetration
isolation provisions are initially tested with the program given in Chapter
14.0. Periodic inservice functional testing is done in accordance with Section
9.4.2.4.

Section 6.6 provides the ASME Boiler and Pressure Vessel Code, Section XI
requirements that are appropriate for the fuel storage pool cooling pump room
coolers.

SAFETY EVALUATION FIVE - Section 3.2 delineates the quality group
classification and seismic category applicable to the safety-related portion of
this system and supporting systems. All the power supplies and control
functions necessary for safe function of the fuel storage pool cooling pump
room coolers, emergency exhaust system, and the fuel building HVAC boundary
penetration isolation provisions are Class IE, as described in Chapters 7.0 and
8.0.

SAFETY EVALUATION SIX - Section 9.4.2.2.3 describes the provisions made to
assure the isolation of the auxiliary building following a DBA.

SAFETY EVALUATION SEVEN - The emergency exhaust system maintains a negative
pressure of no less than 1/4 in. w.g. in the fuel building to prevent
unprocessed exfiltration following a fuel handling accident which releases
radioactivity. The emergency exhaust system is monitored for radioactivity
both upstream and downstream of the filter adsorber unit prior to release to
the site. The filter adsorber unit limits the radiological consequences of a
fuel handling accident to less than 10 CFR I" limits.

50.67
SAFETY EVALUATION EIGHT - Room coolers are ins lled in each fuel storage pool
cooling pump room and are designed to limit pump room ambient temperature to
assure operability of the fuel storage pool cooling pump.

9.4.2.4 Tests and Inspections

Preoperational testing is described in Chapter 14.0.

Filters and adsorbers for the emergency exhaust system are tested in the
manufacturer's shop, after initial installation and subsequent to each filter
or adsorber change. After installation, interim tests and inspections are
performed after every 720 hours of operation and once per 18 months in
accordance with the requirements of Regulatory Guide 1.52 and the Technical
Specifications, to detect any deterioration of components that may develop
under service or standby conditions.
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CHAPTER 11.0

RADIOACTIVE WASTE MANAGEMENT

11.1 SOURCE TERMS

This section presents the design bases for determining the source terms for
radioactive releases from the plant, for shielding within the plant, and for
accident analysis performed in Chapter 15.0. The source terms used for
releases, shielding, and accident analyses are based on 0.12, 0.25, and 1.0
percent fuel defects, respectively.

Actual release data is contained in Annual Radioactive Effluent Release Reports
filed with the NRC in accordance with Offsite Dose Calculation Manual (ODCM)
requirements. Data supporting Chapter 15 accident analyses is not considered
historical and is maintained current.

11.1.1 RADIOACTIVE CONCENTRATIONS AND RELEASES

Reactor coolant and secondary coolant specific activities for an assumed 0.12-
percent fuel defects and an assumed 100 pounds per day primary-to-secondary
leakage are listed in Table 11.1-1. The basis for calculating these sources is
Regulatory Guide 1.112. Compliance with Regulatory Guide 1.112 is discussed in
Table 11.1-3. Appendix lI.1A provides a description of the input used.

The decontamination factors applied are based on Regulatory Guide 1.112. A
description of liquid leakage rates, process paths, and associated component
activity levels is contained in Section 11.2 and Appendix 11.lA. A description
of gaseous leakage rates, process paths, and associated activity levels is
contained in Appendix I1.IA and Sections 11.3 and 9.4. In-plant airborne
activity concentrations and other data regarding the ventilation systems are
provided in Sections 12.3 and 12.4.

11.1.2 SHIELDING

Reactor coolant and secondary coolant source terms used for shielding are based
on 0.25-percent fuel defects. The source terms and the parameters used to
calculate the source terms are given in Table 11.1-4 and Appendix 11.1A,
respectively. Table 11.1-6 provides the isotopic composition of the contained
sources for radioactive waste management systems and for large, potentially
radioactive outside storage tanks.

11.1.3 ACCIDENT ANALYSIS SOURCE TERMS

E X.ep e Pt a LOCA andT a Rful- handling a caident, the specific activit used. for

accident analysis releases is based on operating with 1-percent fuel defects
w.hi.h .. . ..ults i 'a. RCs activ..ity limit mor..e limiting than the Techncal
Specification 2.4.16 ii t of 500 uci/'gm DOSE EQUIVALENT XE-133 Table 11 1-5
provides the isotopic
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compgoSit of t-he reactorco;ol.nt based on 1 percent fl4,• •d g;
11.1-5 also identifies those isotopes excluded from the Technical Specification
definition of DOSE EQUIVALENT XE-133 based on lo ,concentration, short half
life, r:sma-l1 doSo conversion factors TablP 1 .1 -6 provides tho inen•try of
thG contAine-d- source994; for radoatie at.E; mA.anaFemo~t6 sy'st~emS and forý la-rge,
potentially raiatvQu-ts.idep stoQrage tanks-

Sources for the LOCA are based on TID 14844

Sources for the fuel handling accident are based on Regulatory Guide 1.25.

Chapter 15.0 provides a complete discussion and a listing of the source terms
for each accident analyzed.
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Solid radwaste is shipped from the site in Department of Transportation-
approved containers by Department of Transportation-approved carriers.
Containers with any significant surface dose rate are moved remotely from the
shielded storage areas to the transporting vehicle.

Radiation measurements made at the time of shipment of any radioactive waste
material ensure that all shipments leave the site well within prescribed
limits. Similarly, external contamination measurements are made to detect any
potential release of radioactive material from the container prior to shipment.

Mixed waste will be stored in liquid and solid form in the MWSF. The total
Curie content of the MWSF will be restricted accordingly to maintain doses to
the maximally exposed individual during an extreme environmental event (e.g.
fire, tornado, etc.) below the applicable limits in 10 CFR 20 and 10 CFR 14"4.

11.4.4 TESTS AND INSPECTIONS

The SRS is in intermittent use throughout normal reactor operation. Periodic
visual inspection and preventive maintenance are conducted using normal
industry practice. Refer to Chapter 14.0 for information on preoperational and
startup testing.

11.4.5 INSTRUMENTATION APPLICATION

Two control panels are provided for the equipment in the SRS which contains or
processes potentially radioactive fluids or slurries. One control panel is
located in the radwaste building control room and contains the instrumentation
for the equipment which interfaces the influent systems (i.e., evaporator
bottoms tank - primary, evaporator bottoms tank - secondary, spent resin
storage tank - primary, and spent resin storage tank - secondary) and for the
equipment used for process control (i.e., acid addition tank, acid addition
metering pump, caustic addition tank, and caustic addition metering pump).

The second control panel (radwaste crane control panel) is located in a
separate room in close proximity to the solid radwaste processing area. The
control panel contains all instrumentation, including television monitors,
required for remote operations. Pertinent instruments and controls for the
transferring of the wastes from the tanks containing the wastes are duplicated
on this panel so that the solid radwaste system operator can transfer the waste
from these tanks to the waste disposal station.

11.4-11 Rev. 8
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Primary Coolant Activity Concentrations (1)

RCS Activity* RCS Activity*
Nuclide (pCi/gram) Nuclide (pCi/gram)

Br-83 9.86E-02 Sr-89 4.04E-03
Br-84 4.88E-02 SR-90 2.59E-04

Br-85 5.75E-03 Y-90 7.34E-05
1-127 (grams) 1.24E-10 Y-91 M 3.01 E-03

1-129 7.17E-08 Sr-91 5.60E-03

1-130 4.65E-02 Y-91 5.64E-04

1-132 3.39E+00 Sr-92 1.31 E-03

1-134 7.30E-01 Y-92 1.13E-03

Kr-83m 4.62E-01 Y-93 3.82E-04

Kr-85m 1.83E+00 Zr-95 7.02E-04

Kr-85 1.OOE+01 Nb-95 7.03E-04

Kr-87 1.19E+00 Mo-99 8.94E-01

Kr-88 3.29E+00 Tc-99m 8.22E-01

Kr-89 9.30E-02 Ru-1 03 7.43E-04

1-131 3.28E+00 Rh-1 03m 7.44E-04
Xe-131m 3.74E+00 Ru-106 3.25E-04

Xe-133m 5.54E+00 Ag-11Om 3.34E-03

1-133 5.04E+00 Te-125m 6103E-04

Xe-1 33 3.08E+02 Te-127m 4.49E-03

Xe-135m 6.15E-01 Te-127 1.52E-02

1-135 2.85E+00 Te-129m 1.46E-02
Xe-135 8.12E+00 Te-129 1.63E-02

Xe-137 2.18E-01 Te-131m 4.18E-02
Xe-138 7.59E-01 Te-131 1.63E-02

Rb-86 4.33E-02 Te-132 3.43E-01
Rb-88 4.08E+00 Te-i134 3.51 E-02

Rb-89 1.89E-01 Ba-140 4.55E-03

Cs-134 4.82E+00 La-140 1.53E-03

Cs-1 36 4.35E+00 Ce-141 6.94E-04

Cs-137 2.68E+00 Ce-143 5.46E-04

Cs-138 1.16E+00 Pr-143 6.46E-04

Ce-144 5.37E-04

* - Results include a "fuel management multiplier of 1.04

I(1) Refer to Table 11.1A-1 for assumptions I



WOLF CREEK

TABLE 11.1-5

Reactor Coolant and Secondary Coolant
Specific Activities - 1% Fuel Defects"'

Reactor Coolant Secondary Co, Lt
VCi/qm

Kr-8BKr-8 
5*

Kr -87
Kr-88
Kr-89*
Xe-131m*
Xe-133
Xe-133m
Xe-135m
Xe-135
Xe-137*
Xe-138

Total noble gas

Class 2

Br-83
Br-84
Br-85
1-130
1-131
1-132
1-133
1-134
1-135

5. 54E-01
2. 26E+00
9.41E+00
1. 47E+00
4 . 26E+00
1. 21E-01
3 .41E+00
2 . 90E+02
5. 37E+00
6 04E-01
9. 82E+00

1 2E-05
49 E-05
2. 96E-04
4 62E-05
1. 34E-04
3. 71E-06
1. 07E-04
9. 12E-03
1 .73E-04
8 62E-05
3 .20E-04
6. 90E-06
2 55E-05

1.04E-02

1.09E-01
5 82E-02
6. 86E-03
3 .57E-02
2 80E+00
3. 14E+00
4. 93E+00
7. 52E-01
2 88E+00

1. 98E-04
4.38E-OE
6. OOE-07
9. 62E-05
8.46E-03
5. 97E-03
1. 39E-02
8.27E-04"05 E-03

-ogens 1.47E+01 02

from Technical Specification definition of DOSE EQUIVALENT XE-
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TABLE 11.1-5 (Sheet 2)

Reactor Coolant and Secondary Coolant
Specific Activities - 1% Fuel Defects(1)

Reactor Coolant Secondi
lass 3 LCi/gm V

Rb- 2.85E-02 1.
Rb-88 5.36E+00 2.
Rb-89 2.46E-01 1.
Cs-134 2.35E+00
Cs-136 2.82E+00 1.
Cs-137 1.94E+00 1.
Cs-138 1.25E+00 1.

Total Cs, Rb 1.40E+01 4.

Class 4

N-16 1.31E+02 3.

Water activation product

Class 5

H-3 3 E+2.

Tritium

Cr-51 1.90E-03
Mn-54 3.10E-04 9.
Fe-55 1.60E-03 4.
Fe-59 S100E-03 3.
Co-58 8.60E-02 4.
Co-60 /2.oo-o3 6.
Sr-89 5.11E-03
Sr- 900E-04 1.
Sr- 91 6.3-32.
Sr- 1.48E-03 3.

ary Co
Cil/qm

72%-03
E-04

30E-02
54E-02
07E-02
07E-03

32E-02

12E-10

19E+00

83E-06
53E-07
92E-06
07E-06
92E-05
15E-06
84E-OS

91m
91

5. 19E-05
3 95E-03
5. 71E-04

1.
1.
1.

8 E-0593 06
82E- 7
49E-0O
79E-06
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TABLE 11.1-5 (Sheet 3)

Reactor Coolant and Secondary Coolant
Specific Activities - 1% Fuel Defects"'

Reactor Coolant Secondary Coo nt
ass 6 LICi/qm Ciz

Y-93 4.37E-04 1. E-06
Zr-95 6.52E-04 .00E-06
Nb-95 6.53E-04 2.01E-06
Mo-99 8.19E-01 2.46E-03
Tc-99m 7.54E-01 2.28E-03
Ru-103 5.35E-04 1.64E-06
Ru-lOG 1.65E-04 5.07E-07
Rh-103m 5.31E-04 1.64E-06
Rh-l0 1.65E-04 2.57E-09
Ag-il0m 1.31E-03 4.03E-06
Te-125m 5.92E-04 1.82E-06
Te-127m .95E-03 9.07E-06
Te-127 1. E- 3.54E-05
Te-129m 1.03 -02 3.16E-05
Te-129 1. E- 2.91E-05
Te-131m .55E-02 7.44E-05
Te-131 1.43E-02 1.96E-05
Te-132 2.99E-01 9.01E-04
Te-134 3.70E-02 3.42E-05
Ba-137m 1.83E+00 l.OOE-02
Ba-140 4.14E-03 1.27E-05
La-140 1.35E-03 4.48E-06
Ce-141 6.34E-04 1.95E-06
Ce-143 5.53E-04 1.62E-06
Ce-144 4.69E-04 .44E-06
Pr-143 6.13E-04 1.88E-06
Pr-i 4.69E-04 1.4 -06

otal other isotopes 3.88E+00 1.61E-02
Note (3)

(I) Refeor te Table !!.!A 1 fori asstmtfipbons.
(2) For the seeendary Sidle, the neble ga eteti-vitis are for thc

teamphase; all other activities are for the steam ie or
wat- c gsi

4.65E-1 C' xldnnolgae,-I d tritium) in

thir. table_
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APPENDIX ll.4A

INTERIM ON-SITE STORAGE FACILITY

l1.4A.1 Introduction

In order to permit plant operation in the event that a permanent disposal site
is unavailable, it is necessary to store waste temporarily on-site. This
temporary storage is provided by the Interim On-Site Storage (IOS) Facility.
The existing waste bale drum structure, which is South of the Radwaste
Building, will be used as the IOS facility.

Temporary storage, on a concrete slab or within a building addition located
West of the IOS facility and South of the Radwaste Building, provides temporary
indoor/outdoor storage of large waste material which becomes activated during
reactor operation. Each stored item will be unique, therefore procedures for
storing items outdoors will be determined on a case by case basis.

11.4A.2 Design Objectives

The design of the IOS facility provides storage for solid waste produced at
WCGS based on five years of processed waste (i.e. resins and sludges, including
filter cartridges) and, due to storage capacity limitations, three and one half
years of Dry Active Waste (DAW) generated as a result of normal operation of
WCGS. The values contained in Table 11.4A-4, "Estimated Capacity and Radwaste
Container Distribution for the IOS Facility", serve as the basis for the design
storage capacity.

11.4A.3 Description of Containers

Containers used for packaging of radioactive material, and stored in the IOS,
shall meet the applicable DOT requirements for quantity and form or the current
burial site regulations for disposal (HIC) when placed in storage. Typical
containers expected to be stored in the IOS facility are detailed in Table
11.4A-4. All containers are designed to reduce the occurrence of uncontrolled
releases of radioactive materials due to handling, transportation, and storage.
All containers are designed with materials compatible with the stored waste to
prevent significant container corrosion.

11.4A.4 Description of Stored Wastes

Solidified radwaste, or waste meeting the no free standing water criteria of
Branch Technical Position ETSB 11-3 (i.e. dewatered), shall be stored in the
IOS facility. These wastes satisfy all applicable transportation and disposal
requirements.

Wet radioactive waste, defined as any waste which does not meet receiving
burial site free liquid requirements may be temporarily stored in the IOS
facility.

11.4A.4.1 Dry Active Waste (DAW)

This includes contaminated trash (paper, cloth, plastic, etc.) super compacted
into drums, typically by an off-site vendor. The exposure rate from these
containers is low (2 mrem/hr to about 100 mrem/hr with a majority less than 10
mrem/hr).

11.4A.4.2 Solidified/Dewatered Wastes

Resin, filter cartridges and filter sludges will be transferred into HICs, and
dewatered to less than 1% free standing water. Tables 11.1-6 (Sheet 1) to
11.1-6 (Sheet 24) and 11.4-4 provide normal activity concentrations in the
input streams.

11. 4A-1 Rev. 18 1
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radiation dose through any wall. The shielding thickness was designed such
that the aggregate postulated radiation level from all contributing sources, at
this point, would be attenuated to meet the criteria of the adjoining radiation
zone specifications.

Where shielded entryways to compartments containing high radiation sources are
anticipated, labyrinths or mazes are used. The mazes are constructed so that
the scattered dose rate plus the transmitted dose rate through the shield wall
from all contributing sources are consistent with the radiation zone specified
for each plant area.

12.3.3 VENTILATION

The plant heating, ventilating, and air-conditioning (HVAC) systems are
designed to provide a suitable environment for personnel and equipment during
normal operation and anticipated operational occurrences. Parts of the plant
HVAC systems perform safety-related functions.

12.3.3.1 Design Objectives

The plant HVAC systems for normal plant operation and anticipated operational
occurrences are designed to meet the requirements of 10 CFR 20, "Standards for
Protection Against Radiation," and 10 CFR 50, "Licensing of Production and
Utilization Facilities."

12.3.3.2 Design Criteria

Design criteria for the plant HVAC systems include the following:

a. During normal operation and anticipated operational
occurrences, the average and maximum airborne
radioactivity levels to which plant personnel are
exposed in the restricted areas of the plant are ALARA
and within the limits specified in 10 CFR 20.

b. During normal operation and anticipated operational
occurrences, the dose from concentrations of airborne
radioactive material in unrestricted areas beyond the
site boundary are ALARA and within the limits specified
in 10 CFR 20 and 10 CFR 50.

c. The plant siting dose guidelines of 10 CFR 4-04 are
satisfied, following those hypothetical accidents
described in Chapter 15.

12.3-15 Rev. 5
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d. No filter bank is more than three filter units high,
where each filter unit is 2 feet by 2 feet. The access to
the level or platform at which the filter is serviced is
by stairs or elevators.

e. The clear space for doors is a minimum of 3 feet by 7
feet.

f. The filters are designed with replaceable 2 feet by 2
feet units that are clamped in place against compression
seals. The filter housing is designed, tested, and
proven to be airtight with bulkhead type doors that are
closed against compression seals.

12.3.4 AREA RADIATION AND AIRBORNE RADIOACTIVITY MONITORING
INSTRUMENTATION

12.3.4.1 Area Radiation Monitoring

The area radiation monitoring system (ARMS) is provided to supplement the
personnel and area radiation survey provisions of the plant health physics
program described in Section 12.5 and to ensure compliance with the personnel
radiation protection guidelines of 10 CFR 20, 10 CFR 50, 10 CFR 70, and
Regulatory Guides 8.2, 8.8, and 8.12.

12.3.4.1.1 Design Bases

The principal objectives and criteria of the ARMS are provided below.

12.3.4.1.1.1 Safety Design Bases

The area radiation monitoring system has no function related to the safe
shutdown of the plant or the capability to mitigate the consequences of
accidents that could result in offsite exposures comparable to the guideline
exposure of 10 CFR 4-" and, therefore, has no safety design bases. See
Appendix 7A for a 50.67 ion of Regulatory Guide 1.97.

12.3.4.1.1.2 Power Generation Design Bases

POWER GENERATION DESIGN BASIS ONE - The ARMS functions continuously to
immediately alert plant personnel entering or working in nonradiation or low-
radiation areas of increasing or abnormally high radiation levels which, if
unnoticed, could possibly result in inadvertent overexposures.

12.3-20 Rev. 0
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CHAPTER 15 - LIST OF FIGURES
*Refer to Section 1.6 and Table 1.6-3. Controlled drawings were removed from the USAR at
Revision 17 and are considered incorporated by reference.

Figure # Sheet Title Drawing #*
15.0-1 0 Illustration of Overtemperature and Overpower T

Protection
15.0-2 0 Doppler Power Coefficient Used in Accident Analysis
15.0-3 0 RCCA Position Versus Time to Dashpot
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15.0-5 0 Normalized RCCA Bank Reactivity Worth Versus

Normalized Drop Time
15.0-6 0 Minimum Moderator Density Coefficient Used in Analysis
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15.0-8 0 Excessive Heat Removal Due to Feedwater Systems

Malfunction
15.0-9 0 Excessive Load Increase
15.0-10 0 Depressurization of Main Steam System
15.0-11 0 Loss of External Load
15.0-12 0 Loss of Non-Emergency AC Power to the Station

Auxiliaries
15.0-13 0 Loss of Normal Feedwater
15.0-14 0 Major Rupture of a Main Feedwater Line
15.0-15 0 Loss of Forced Reactor Coolant Flow
15.0-16 0 Uncontrolled Rod Cluster Control Assembly Bank

Withdrawal
15.0-17 0 Dropped Rod Cluster Control Assembly
15.0-18 0 Single Rod Cluster Control Assembly Withdrawal at Full

Power
15.0-19 0 Startup of an Inactive Reactor Coolant Loop
15.0-20 0 Boron Dilution
15.0-21 0 Rupture of Control Rod Drive Mechanism Housing
15.0-22 0 Inadvertent ECCS Operation at Power
15.0-23 0 Accidental Depressurization of Reactor Coolant System
15.0-24 0 Steam Generator Tube Rupture
15.0-25 0 Loss of Coolant Accident
15.0-26 0 CVCS Letdown Line Rupture
15.0-27 0 GWPS Gas Decay Tank Rupture
15.0-28 0 Floor Drain Tank Failure
15.0-29 0 Fuel Handling Accident i6,R, el Rig
15.0-30 0 Fuel Handl.ng Aecident Ins.ide Ccntaimont •
15.0-31 0 Spent Fuel Cask Drop Accident __Rplacwit

"Replace with
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CHAPTER 15 - LIST OF FIGURES
*Refer to Section 1.6 and Table 1.6-3. Controlled drawings were removed from the USAR at
Revision 17 and are considered incorporated by reference.

Figure # Sheet Title Drawing #*
15.4-11 b 0 Deleted
15.4-12 0 Nuclear Power Transient for Startup of an Inactive Reactor

Coolant Loop
15.4-13 0 Core Flow Transient for Startup of an Inactive Reactor

Coolant Loop
15.4-14 0 Pressurizer Pressure Transient for Startup of an Inactive

Reactor Coolant Loop
15.4-15 0 Core Average Temperature and Pressurizer Pressure

Transient for Startup of an Inactive Reactor Coolant Loop
15.4-16 0 DNBR Transient for Startup of an Inactive Reactor Coolant

Loop
15.4-17 0 Representative Percent Change in Local Assembly

Average Power for an Interchange Between a Region 1
and a Region 3 Assembly

15.4-18 0 Representative Percent Change in Local Assembly
Average Power for an Interchange Between a Region 1
and a Region 2 Assembly with the Burnable Poison Rods
Being Retained by the Region 2 Assembly

15.4-19 0 Representative Percent Change in Local Assembly
Average Power for an Interchange Between a Region 1
and a Region 2 Assembly with the Burnable Poison Rods
Being Transferred to the Region 1 Assembly

15.4-20 0 Representative Percent Change in Local Assembly
Average Power for an Enrichment Error (A Region 2
Assembly Loaded into the Core Central Position)

15.4-21 0 Representative Percent Change in Local Assembly
Average Power for Loading a Region 2 Assembly into a
Region 1 Position Near the Core Periphery

15.4-22 0 Nuclear Power Transient, BOL, HFP, Rod Ejection
Accident

15.4-23 0 Fuel Centerline, Fuel Average, and Cladding Surface
Temperature Transients, BOL, HFP, Rod Ejection
Accident

15.4-24 0 Nuclear Power Transient, EOL, HZP, Rod Ejection
Accident

15.4-25 0 Fuel Centerline, Fuel Average, and Cladding Surface
Temperature Transients, EOL, HZP, Rod Ejection replace with
Accident "Dýeletedl"

15.4-26 0 Steam Generator Secondary Pressure Transie or Rod
Ejection Analysis 7

15.4-27 0 RCS Pressure Transient for Rod Ejo- ion Analysis
15.4-28 0 RatFG9atB~kF~MFHW~

S~a Rod qEjction9 Aczidcnt _____

15.5-1 0 Inadvertent Operation of ECCS During Power Operation
15.5-2 0 Inadvertent Operation of ECCS During Power Operation
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k. Partial loss of forced reactor coolant flow (Section
15.3.1).

1. Uncontrolled rod cluster control assembly bank
withdrawal from a subcritical or low power startup
condition (Section 15.4.1).

m. Uncontrolled rod cluster control assembly bank
withdrawal at power (Section 15.4.2).

n. Rod cluster control assembly misalignment (dropped RCCA,
dropped RCCA bank, or statically misaligned RCCA)
(Section 15.4.3).

o. Startup of an inactive reactor coolant pump at an
incorrect temperature (Section 15.4.4).

p. Chemical and volume control system malfunction that
results in a decrease in the boron concentration in the
reactor coolant (Section 15.4.6).

q. Inadvertent operation of the emergency core cooling
system during power operation (Section 15.5.1).

r. Chemical and volume control system malfunction that
increases reactor coolant inventory (Section 15.5.2).

s. Inadvertent opening of a pressurizer safety or relief
valve (Section 15.6.1).

t. Break in instrument line or other lines from reactor
coolant pressure boundary that penetrate the containment
(Section 15.6.2).

15.0.1.3 Condition III - Infrequent Faults

Condition III events are faults which may occur very infrequently during the
life of the plant. They may result in [0.67ilure of only a small fraction of
the fuel rods. The release of radioact will not be sufficient to
interrupt or restrict public use of those areas beyond the exclusion area
boundary, per the guidelines of 10 CFR 1-9. A Condition III event will not, by
itself, generate a Condition IV event or result in a consequential loss of
function of the reactor coolant system or containment barriers. The following
faults are included in this category:

a. Steam system piping failure (minor) (Section 15.1.5).

15.0-4 Rev. 0
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b. Complete loss of forced reactor coolant flow (Section
15.3.2).

c. Rod cluster control assembly misalignment (single rod
cluster control assembly withdrawal at full power)
(Section 15.4.3).

d. Inadvertent loading and operation of a fuel assembly in
an improper position (Section 15.4.7).

e. Loss-of-coolant accidents resulting from a spectrum of
postulated piping breaks within the reactor coolant
pressure boundary (small break) (Section 15.6.5).

f. Radioactive gas waste system leak or failure (Section
15.7.1).

g. Radioactive liquid waste system leak or failure (Section
15.7.2).

h. Postulated radioactive releases due to liquid tank
failures (Section 15.7.3).

i. Spent fuel cask drop accidents (Section 15.7.5).

15.0.1.4 Condition IV - Limiting Faults

Condition IV events are faults which are not expected to take place, but are
postulated because their consequences would include the potential of the
release of significant amounts of radioactive material. They are ther
drastic which must be designed against and represent limiting design 50.67
Condition IV events are not to cause a fission product release to the
environment resulting in doses in excess of guideline values of 10 CFR a-04-. A
single Condition IV event is not to cause a consequential loss of required
functions of systems needed to cope with the fault, including those of the
emergency core cooling system and the containment. The following faults have
been classified in this category:

a. Steam system piping failure (major) (Section 15.1.5).

b. Feedwater system pipe break (Section 15.2.8).

c. Reactor coolant pump shaft seizure (locked rotor)
(Section 15.3.3).

d. Reactor coolant pump shaft break (Section 15.3.4).

15.0-5 Rev. 0
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15.0.8 MAJOR PLANT SYSTEMS AND EQUIPMENT AVAILABLE FOR MITIGATION OF TRANSIENT
AND ACCIDENT CONDIITONS

The plant is designed to afford protection against the possible effects of
natural phenomena, postulated environmental conditions, and dynamic effects of
the postulated accidents. In addition, the design incorporates features which
minimize the probability and effects of fires and explosions. Chapter 17.0
discusses the quality assurance program which has been implemented to assure
that the NSSS will satisfactorily perform its assigned safety functions. The
incorporation of these features in the plant, coupled with the reliability of
the design, ensures that the normally operating systems and equipment listed in
Table 15.0-6 are available for mitigation of the events discussed in Chapter
15.0. In determining.which systems are necessary to mitigate the effects of
these postulated events, the classification system of ANSI-N18.2-1973 is
utilized. The design of "systems important to safety" (including protection
systems) is consistent with IEEE Standard 379-1972 and Regulatory Guide 1.53,
in the application of the single failure criterion.

In the analysis of the Chapter 15.0 events, control system action is considered
only if that action results in more severe accident results. No credit is
taken for control system operation if that operation mitigates the results of
an accitent t u 2 ccidents, the analysis is performed both with and
without cont Plus 2 peration to determine the worst case. The pressurizer
heaters are uncertainty to be energized during any of the Chapter 15.0 events.

15.0.9 FISSIO PRODUCT INVENTORIES/ lare calculated by the industry standardI
15.0.9.1 Activities in the Core IORIGEN-S code (Ref 1).I

The calculat on of the core iodine fission pr duct inventory is consistent with
t innt 4iven 4!n T211-4244 bRef. !) i& ased on a core power level

of 3565 MWt. The fission product inventoriesfor oth..cr istpc. that . . rc
important from a health hazards point of view arc consistent with the data from
APED-5398 (Ref. 2). These inventories are given in Table 15A-3. The isotopes
included in Table 15A-3 (Appendix 15A) a* th isotopes controlling from
ion rions cf ialto se ,__i #

T..e iretopi.the dose-significant isotopes from the radionuclide 4q#; G9
:4 groups identified in Regulatory Guide 1.183 that

#hp f ,IRýlshould be considered in design basis analyses. ;ý_-Thc r6•cqulto of
. ... . . . . . .j 4 i n icWe i =n a b ± :in c l u i o n0 E 9 E a c i ý 4 : + s s + Eo n s o reb M 4 a t a w eu ! 4 r e s u l t _i n

small (less than 10 percent) change in the isotopic inventories.

15.0.9.2 Activities in the Fuel Pellet Clad Gap

The fuel-clad gap activities are determined, using the model given in
Regulatory Guid 4-T. • ,h~-r the amount of activity accumulated in the fuel
clad gap is as med to be 10 percent of the core activity for all isotopesexcept f -- KTZ 85 Q o 4=• t i ss m d t e 3 percent_ Pof thýe corze

8 percent for 1-131, 10 percent for Kr-85, 12 percent for alkali metals, and 5 percent
for other noble gases and iodines, with certain exceptions. For the rod ejection

l7accident, it is assumed to be 10% for iodines and noble gases and 12% for alkali
metals. For LOCA, it is assumed to be 5% for these three groups of radionuclides.

15.0-12 Rev. 25
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As soon as primary temperature begins to decrease, the operator can use the
steam dump system or the steam generator atmospheric relief valves to begin a
controlled cooldown. In addition, if the U-tubes of the intact steam
generators are covered with water as indicated by post accident monitoring
system (PAMS) steam generator water level instrumentation (see Chapter 7.0),
the operator can modulate the high-head charging pumps, so that the primary
pressure decreases while ensuring that voiding does not occur within the RCS.
The primary pressure-temperature relationship can be monitored by the operator
via the PAMS widerange RCS pressure and temperature instruments.

Using the above-mentioned PAMS indications, the operator can maintain the plant
in a hot shutdown condition for an extended period of time, or can proceed to a
cold shutdown condition as desired.

The safety-related indicators for steamline pressure and pressurizer water
level noted above are further discussed in Section 7.5.

Tables 15.0-8 and 15.0-9 list the short term operator actions required to bring
the plant to a stable condition for the LOCA and steam generator tube rupture
(SGTR) . Further information (including alarms which alert the operator) on
operator action for these two accidents are given in Section 6.3.2.8 for the
LOCA and Section 15.6.3 for the SGTR.

Process information available to the operator in the control room following
either of these accidents (LOCA or SGTR) is given in Section 7.5.

Instrumentation and controls provided to allow the operator to complete
required manual actions are classified as Class IE. Electrical components are
also classified as Class IE. Mechanical components are classified as Safety
Class 1, 2, or 3.

Safety systems required for accident mitigation are designed to function after
the occurrence of the worst postulated single failure. There are no adverse
impacts as a result of these actions.
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The analysis of a main steam line rupture is performed to demonstrate that the
following criteria are satisfied:

Assuming a stuck RCCA with or without offsite power, and assuming a single
failure in the engineered safety features system, the core cooling capability
is maintained. Radiation doses do not exceed the guidelines of 10 CFR 4-0-4. F50.67j

Although DNB and possible clad perforation following a steam pipe rupture are
not necessarily unacceptable, the following analysis, in fact, shows that the
DNB design basis is not exceeded for any rupture, assuming the most reactive
control rod assembly stuck in its fully withdrawn position. The DNBR design
basis is discussed in Section 4.4.

A major steam line rupture is classified as an ANS Condition IV event. See
Section 15.0.1 for a discussion of Condition IV events.

Effects of minor secondary system pipe breaks are bounded by the analysis
presented in this section. Minor secondary system pipe breaks are classified
as Condition III events, as described in Section 15.0.1.3.

The methodology for analyzing the reactor core response to excessive secondary
steam releases is documented in WCAP-9226 (Reference 3). This WCAP, known as
the "Steamline Break Topical," examined the effect of power level (including
full power cases), break size, and plant variations for typical three-loop and
four-loop Westinghouse-designed PWRs. This WCAP concludes that the largest
double-ended steamline rupture at end-of-life, hot zero-power (Mode 2)
conditions, with the most reactive RCCA in the fully withdrawn position, bounds
all other power levels and other Modes for the post-trip phase of the
transient.

Note that the conclusion that the hot-zero power case is the limiting case is
based on certain specific protection system performance characteristics
credited for "at power" steamline break analyses. Since the WCAP was first
issued, plant modifications have been made which might not be bounded by the
generic assumptions of the WCAP, such as increases in the Overpower AT response
times, lead/lag time constant changes, reduced Low Steam Pressure setpoints,
etc. As a result, the full power steamline break event, which credits the
Overpower AT reactor trip function, could be initiated from the plant
conditions that are outside the limits of applicability.

A Wolf Creek specific analysis for steamline breaks occurring while the reactor
is at power has been performed to confirm the conclusions documented in WCAP-
9226 are valid, even with assumed parameters being outside the generic limits
established by Westinghouse. The analysis demonstrates the adequacy of the
protection systems by showing that with the appropriate actions of these
systems, the DNB design basis is satisfied and fuel centerline melting is
precluded.

As such, a detailed analysis of this transient with the largest double-ended
rupture at the hot-zero power conditions, is presented here.

During startup or shutdown evolutions, when the operator manually blocks the
safety injection on low pressurizer pressure or low steamline pressure and
steamline isolation on low steamline pressure when pressurizer pressure is less
than P-11 setpoint (i.e., 1970 psig), the steamline pressure-negative rate-high
signal is automatically enabled to provide steamline isolation. For inside
containment breaks, steamline isolation may also be provided by the containment
pressure High-2 signal and safety injection would be actuated by the

15.1-14 Rev. 22
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15.1.5.3 Radiological Consequences

15.1.5.3.1 Method Of Analysis

15.1.5.3.1.1 Physical Model

The radiological consequences of a MSLB inside the containment are less severe
than the one outside the containment because the radioactivity released will be
held up inside the containment, allowing decay and plateout of the
radionuclides. To evaluate the radiological consequences due to a postulated
MSLB (outside the containment), it is assumed that there is a complete
severance of a main steam line outside the containment.

It is also assumed that there is a simultaneous loss of offsite power,
resulting in reactor coolant pump coastdown. The safety injection system is
actuated and the reactor trips.

The main steam line isolation valves, their bypass valves, and the steam line
drain valves isolate the steam generators and the main steam lines upon a
signal initiated by the engineered safety features actuation system under the
conditions of high steam negative pressure rate or low steam line pressure.
The main steam isolation valves are installed in the main steam lines from each
steam generator downstream from the safety and atmospheric relief valves
outside the containment. The break in the main steam line is assumed to occur
outside of the containment. The affected steam generator (steam generator
connected to a broken steam line) blows down completely. The steam is vented
directly to the atmosphere.

Each of the steam generators incorporates integral flow restrictors, which are
designed to limit the rate of steam blowdown from the steam generators
following a rupture of the main steam line. This, in turn, reduces the cooling
rate of the reactor coolant system to preclude departure from nucleate boiling
(DNB).

In case of loss of offsite power, the remaining steam generators are available
for dissipation of core decay heat by venting steam to the atmosphere via the
atmospheric relief valves. Venting continues until the reactor coolant
temperature and pressure have decreased sufficiently so that the RHR system can
be utilized to cool the reactor.

15.1.5.3.1.2 Assumptions and Conditions

The major assumptions and parameters assumed in the analysis are itemized in
Tables 15.1-3 and 15A-1.

Tables 15B-1 and 15B-4 provide a comparison of the analysis to the guidelines
of Regulatory Guide 1.183.
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The assumptions used to determine the concentrations of radioactive isotopes
within the secondary system for this accident are as follows:

a. The secondary system initial concentrations of
radioactive isotopes are assumed t- '- 1^ _J_

equivalent of 0.1 pCi/gm of "-131.changeto"I"

instead of 1
b. A primary-to-secondary leakage rate ot I gpm is assumed

to exist and is assumed to be in the e steam
generator. Ffaulted1

c. The reactor coolant concentration of radioactive
isotopes is determined by two methods, and both cases
are analyzed. These are:

1. The initial reactor coolant concentrations of This increased rate
radioactive isotopes are assumed to be the dose oftransferfrom the
equivalent of 1.0 pCi/gm of 1-131 with an iodine
spike that increases the rate of iodine release fuel into the
into the reactor coolant by a factor of 500.< coolant is assumed

for 8 hours.
2. An assumed reactor coolant concentration of

radioactive isotopes with a dose equivalent of 60
aCi/gm of 1-131 as a result of preaccident iodine
spikes.

d. The reactor coolant concentrations of noble gas
correspond to 1-percent failed fuel. 1500 micro-Ci/gm DE Xe-133.1

e. Partition factors used to determine the secondary system foriodines and
activities are given in Table 15.1-3.,, alkali metals

The fol? wing specific assumptions and parameters are used to calculate the
activity release:

a. Offsite power is lost, resulting in reactor coolant pump
coastdown.

b. No condenser air removal system release and no normal
operating steam generator blowdown is assumed to occur
drilinn the course of the accident.ITwelve l

c. i hours after the occurrence of the accident, the matches decay
residual heat-removal system (RHRS) stA--s operationo heat and steam
cool down the plant. IQ .... .the Fl releases are

d. After the acc M nt, the primary-to-secondary leakage terminated.
continues for .- hours, at which time the reactor coolant -

system is depressurize. cooled to 212°F such that there would
be no flashing of the leaked fluid.

f. The reactor coolant concentrations of alkali metals
correspond to 1-percent failed fuel as provided in
Table 11.1-5.

g. The secondary system initial concentration of
alkali metals is 10% of the reactor coolant
concentrations.
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faulted
e. The 4 steam generator (steam generator connected

to the broken steam line) is allowed to blow down
completely.

f. Steam release to the atmosphere and the associated
activity release from the safety and atmospheric relief
valves and the broken steam line is terminated . hours
after the accidentAwhen the RHRS is activated Acomplete
cooldown. on the intact steam generators[

g. The amount of noble gas activity released is equal to
the amount present in the reactor coolant, which leaks
to the secondary during the accident. The amount of
iodine activity released is based on the activity
presen in the secondary system and the amount of leaked
reactor oolant which is entrained in the steam that is
discharge to the environment via the safety and atmospheric
relief val es and the broken steam line. Partition factors
used for th unaffected steam generators after the
accident occ rs are given in Table 15.1-3. An iodine
partition fac or of 1 is used for the A-P steam
generator. land alkali metalFfaulted

h. The activity released from the broken steam line and the
safety and atmospheric relief valves during the 2-hpi-
duration of the accident is immediately vented to the atmosphere.

15.1.5.3.1.3 Mathematical Models Used in the Analysis

Mathematical models used in the analysis are described in the following
sections:

a. The mathematical models used to analyze the activity
released during the course of the accident are described
in Appendix 15A.

b. The atmospheric dispersion factors used in the analysis
were calculated based on the onsite meteorological
measu programs described in Section 2.3.

c. The thyroid inhalation dose and total-body gamma
iMdoses to a receptor at the exclusion area
boundar outer boundary of the low-population zonel, and in the control room
were analyzed, using the models described in Appendix
15A.
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15.1.5.3.1.4 Identification of Leakage Pathways and Resultant
Leakage Activitv

faulted
For evaluating the radiologca± consequences due to a postulated MSLB, the
activity released from the afected steam generator (steam generator connected
to the broken steam line) is released directly to the environment. The
unaffected steam generators are assumed to continually discharge steam and
entrained activity via the safety and atmospheric relief valves up to the time
initiation of the RHRS can be accomplished.

Since the activity is released directly to the environment with no credit for
plateout or retention, the results of the analysis are based on the most direct
leakage pathway available. Therefore, the resultant radiological consequences
represent the most conservative estimate of the potential integrated dose due
to the postulated MSLB.

15.1.5.3.2 Identification of Uncertainties and Conservatisms in
the Analysis hiodine and noble gas

a. Reactor coolant ativities are based on the Technical
Specif c t o 11 Qf ... 0 ... ... .... .1-3 dose.. e[ýT~which are

'h~ ' tire duiiration. Qf theR accidlent, rcesultina nI
eqfuiva len-At- QconcAent-rat ions Rmany times graere ihgher
reactor coolant activities based on 0.12 percent failed
fu,-4 associated with normal operating conditions.

b. A l-gpm steam generator primary-to-secondary leakage is 150
assumed, which is significantly greater than thatpd50
anticipated during normal operation ermore, it
was conservatively assumed that all .eakage is to the
afaulted a-f4t-4 steam generator only \ -i gpm I

c. The meteorological conditions whch may be present at
the site during the course of the cident are
uncertain. However, it is highly unl ely that the
assumed meteorological conditions woul be present
during the course of the accident for an extended
period of time. Therefore, the radiologic
consequences evaluated, based on the meteoro gical
conditions assumed, are conservative.

and a total of 450 gpd
d. Reactor coolant activities based on extreme I is to the intact steam
iodine spiking effects are conservatively high. generators
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15.1.5.3.3.1 Filter Loadings

The only ESF filtration system considered in the analysis which limits the
consequences of the MSLB is the control room filtration system. Activity
loadings on the control room charcoal filter are based on flow rate through the
filter, the concentration of activity at the filter inlet, and the filter
efficiency.

Activity in the control room filter as a function of time has been evaluated
for the more limiting LOCA analysis, as discussed in Section 15.6.5.4.3.1.
Since the control room filters are capable of accommodating the potential
design basis LOCA fission product iodine loadings, more than adequate design
margin is available with respect to postulated MSLB releases.

15.1.5.3.3.2 Dose to Receptor at the Exclusion Area Boundary[
a-n Low-Population Zone Outer BoundaryF, and in the Control Room

The potential radiological consequences resulting from the occurrence of a
postulated MSLB have been conservatively analyzed, using assumptions and model
described. The total-body gamma doses due te immersion from direct radiation TEDE
and the thyroid dose due to inh -lation have been analyzed for the 0-2 hour dosds
at the exclusion area boundar ," for the duration of the accident (0 to -a

34]hrs) at the low-population zone outer boundar . The results are listed in
Table 15.1-4. The resultant doses are within he acceptance limits, a small
fraction (10 percent) of e sure limits of 0CFR-4Gi.e., 2.5 rem and 30 rem
respeftively or thehe case of concurrent
iodine spike and the exposure lIim-its ojf 10FR!0-•.e., P 5 rem n" 0 e

rese~ivey or he;.hol -d 1-h A fo0 case of pre-accident

15.1.5.4 Conusions ,and in the control 50.6715.1..4 Cn([uionsroom for 30 days.

The analysis as shown that the criteria stated earlier in Section 15.1.5.1 are
satisfied.

Although DNB nd possible clad perforation following a steam pipe rupture are
not necessari y unacceptable and not precluded by the criteria, the above
analysis show that the DNB design basis is met for any rupture, assuming the
most reactiv RCCA stuck in its fully withdrawn position.

15.1.5.5 Notes

(1) As discu sed in Reference 4, the SI response time has an additional delay
of 15 second . This makes the SI response time 27 and 39 seconds for the cases
with and wi out offsite power respectively.

The resultant control room doses are
within the acceptance criteria limits of
10CFR50.67.
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TABLE 15.1-3

PARAMETERS USED IN EVALUATING THE RADIOLOGICAL
CONSEQUENCES OF A MAIN STEAM LINE BREAK

I. Source Data:

a. Core power level, M
b. Steam generator tub
c. Reactor coolant ioc

13637 (includes uncertainty) I

1) Case 1

2) Case 2

1wt
be leakage, gpm 1 to the faulted steam generator
fine activity: and 450 gpd total to the

Dose equivalent of 1.0ýlCi/gm o remaining steam generators
assumed iodine spike that increases the rate
of iodine release into the reactor coolant by
a factor of 500

An assumed pre-accident iodine spike which has

resulted in the dose equivalent of 60 JICi/gm
of 1-131

d. Reactor coolant noble gas activity:

1) Case 1

2) Case 2

Based on 1-percent failed fuel as previded in

IDose equivalent of 500 microCi/gm of Xe-133

Based on 1-n~rr~ent f~.j1 9 ,1 fi

[Insert A IDose equivalent of 500 microC

ýe_ IT]Secondary system initial• Dose equivalent

1g. Insert C activity of 1-131

-f- FIodine partition factors

uel as provided in

i/gm of Xe-1331

1) lFaulted ý steam generator
Ii. Insert B 1__2) asteam generators

in - Reactor coolant mass, lbs

of 0.1 [LCi/gm

1.0
0.01

4.94E+5

164,500 165,000
95,50082,333

See Table 15A-2

Steam generator mass

1) FF-Faulted steam generator, lbs
2) Ec steam generator, lbs2) Each tsAtosphrncrDsperisact

II. Atmospheric Dispersion Factors

III. Activity Release Data:

- IniItnrld
a.

1)

2)

b. In-tactI

1)
2)

Lda[1 ge nerato r P 1

Initial steam release, 0-34 min, lbs
Reactor coolant release, 0-4 hr, lbs

-cad steam generatorE M4

Steam release, 0-2 hr, lbs
Steam release, 2-4 hr, lbs

164,5001165,000
4, 17,018

404,452 419,340
945,973 1,310,269

4
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Insert A

e. Reactor coolant alkali metal activity:

1) Case 1 Based on 1-percent failed fuel as provided in Table 11.1-5

2) Case 2 Based on 1-percent failed fuel as provided in Table 11.1-5



Insert B

Alkali metal partition factors

1) Faulted steam generator 1.0

2) Intact steam generators (based on 0.0025

full power moisture carryover of

0.25%)



Insert C

Secondary system initial alkali metal activity Based on the same ratio of primary to

secondary system activity as iodine (i.e., 10% of

primary side activity)
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TABLE 15.1-3 (Sheet 2)

Activity released to the environment

0-2 hr (Ci)

T-1321
T-1 32
T-1332
I-1 34
1--35
x -131IM
Vp-- l 22Xe-133m

Xe-135m
Xeg-135

XeQ-1328
Kr-832M
Kr-R85m
Kr-=85
Kr--27

Kr-S 9

2.4 5E•!

5.81T+1
5.0!1E+!

1.66E+1
3.73E+1

2.40
1.31E+2
5.135-2

4.685-3
6.295-2
1.765-1
8.815-1

4.06F-1

1.53
2.095-3

0-8 hr (Ci)

3.005+2

2.99E+2
5.69E+2
3.32E+1

3.485+2

9.23
5.135+2

5.155-2
1.33E+1
4.685-3

2.34E-

1.705+1
6.035-1

2.10E-3

24- - ase-ý

Xe -!13!mf
Xe-133m

Xe4--35m

K r- 2 3m
Kr--32

K r-S 7
Kr-- 28

0-2 hr (Ci)

2.54E+1
2.305+1
4.3 7E÷!

4.17
2.43E+1

1.31E+2
5.135-2

4.68E-3
6.295-2
1.765-1
8.815-1

4.065-1

2.095-3

0-8 hr (Ci)

8.4 2E+
4.015+1

1.335+2

4.86REz

6.215+1

9.34

5.13g+2
5.15E-2
1.335±1
4.685-3
6.31E-2
3.145-1

1.705+1
6.035-1

3.39
2.10-3lz-
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TABLE 15.1-4

RADIOLOGICAL CONSEQUENCES OF A
MAIN STEAM LINE BREAK

TEDE

Dose (rem

CASE 1, 1.0 ýiCi/gm 1-131
equivalent w/I spike

Exclusion area boundary
(4-4 hr)

Low-population zone outer
boundary (duration)

Thyreid
Weebedy

6.4E-1

F5.9E-1

1.1 E+0oIControl Room (30 days) I

CASE 2, 60 ýICi/gm 1-131
equivalent

Exclusion area boundary
(0-2 hr)

Thyreld
Whoe ~body

Low population zone outer
boundary (duration)

Thyreld
b1&e-dey

2.67-

5.349 3

1. 15

17.5E-1IControl Room (30 days) I
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15.2.6.3 Radiological ConsE

15.2.6.3.1 Method of AnalyE

15.2.6.3.1.1 Physical Model

WOLF CREEK

b. The reactor coolant activity assumed for noble gas is the
Technical Specification limit of 500 microCi/gm Xe-1 33 dose
equivalent

c. The reactor coolant system activity assumed for alkali metals is
based on 10/° fuel defects, as provided in Table 11.1-5.

The dose calculation for loss of ac wer is based on the sequence of events
described in Table 15.2-1. - i a sumed that heat removal from the nuclear
steam supply system is achieved b venting the steam for & hours.

The reactor coolant is assumed o be contaminated by radtrutive fission
products introduced through f el cladding defects. The secondary system is
contaminated by the inleaka of reactor coolant through postulated steam
generator tube leaks.

The radioactivity in th vented steam is dispersed in the atmosphere without
any reduction due to ateout, fallout, filtering, etc.

15.2.6.3.1.2 Assum ions and Conditions

The major assump ions and parameters assumed in the analysis are found in
Tables 15.2-2 d 15.A-1. The assumptions used to determine the activity
released are follows:

.l
4
r''~tinn 1im~t '-~ 1 ~ ~C'-i Ir-,,-n T-1~1 ~.. .............. . . .. .. .. . ... ... .. ..... . io d in e '

"f-lThe initial steam generator 1Llvity assumed is the I I
Technical Specification limit of 0.1 ýtCi/gm 1-131 dose
equivalent. e. Thi

lA -gpm steam generator primary-to-secondary leakage is stean
assumed for the duration of steam venting, alkali

~activil
4_[g4]For noble gases, the activity released is taken to be

the activity introduced by reactor coolant inleakage on th(
without holdup in the steam system. of pril

e4&- The iodine activity present in the primary-to-secondary secor
leakage is assumed to be homogeneously mixed with the syste
iodine activity initially present in the steam asioc
generators. The iodine partition factor provided in 10%
Table 15.2-2 is utilized to determine the iodine
activity released via steam venting from the steam side E
generators.

I
e initial
n generator
metal
ty is based
e same ratio
mary to
idary
m activity
dine (i.e.,
of primary
ictivity)

f-• The atmospheric dispersion factors are given in Table
15A-2.

a. An initial reactor coolant iodine activity equal to the dose equivalent of 1.0 microCi/gm of
1-131 with an iodine spike that increases the escape rate from the fuel into the coolant by a
factor of 500 immediately after the accident is assumed. This increased escape rate is
assumed for 8 hours.

i. The alkali metal activity present in the primary-to-secondary leakage is assumed to be
homogeneously mixed with the alkali metal activity initially present in the steam generators.
The full power moisture carryover provided in Table 15.2-2 is utilized to determine the alkali
metal activity released via steam venting from the steam generators.
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15.2.6.3.1.3 Mathematical Models Used in the Analysis

Mathematical models used in the analysis are described in the following
sections:

a. The mathematical models used to analyze the activity
released during the course of the accident are described
in Appendix 15A.

b. The atmospheric dispersion factors used in the analysis
were calculated using the onsite meteorological
measurement programs described in Section 2.3.

C. Theý thyroid' E:•::•±U ion and tptAl1-body 'w. doses to

a receptor at the exclusion area boundarj outer
boundary of the low population zone re analyzed using
the models described in Appendix 15A. , and in the control room

15.2.6.3.1.4 Identification of Leakage Pathways and Resultant
Leakage Activities

Normal activity paths from the secondary system, such as the condenser air
removal system and steam generator blowdown, cease during station blackout.
The steam is released to the atmosphere through the:

a. Atmospheric relief valves

b. Main steam safety valves

Since all these paths are taken as direct to the atmosphere without any form of
decontamination, they are all radiologically equivalent and need not be
distinguished.

15.2.6.3.2 Identification of Uncertainties in, and Conservative
Aspects of, the Analysis

The principal uncertainties in the dose calculation arise from the
uncertainties in the accident circumstances, particularly the extent of steam
contamination, the weather at the time, and delay before preferred ac power is
restored. Each of these uncertainties is handled by making very conservative
or worst-case assumptions., liodine and noble cas I

a. Reactor coolant ctivities are based on the Technical
Specification .irn>±, which -is significantly higher than

t activities associated wil normal operating
conditions. based on 0.!2-Derent failed fuel.

b. Reactor coolant activities based on extreme
iodine spiking effects are conservatively high.
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b- A l-gpm steam generator primary-to-secondary leakage isassumed, which is significantly greater than that

anticipated during normal operation.

G-1 The meteorological conditions which may be present at
the site during the course of. the accident are
uncertain. However, it is highly unlikely that the
assumed meteorological conditions would be present
during the course of the accident for any extended
period of time. Therefore, the evaluated radiological
consequences, based on the meteorological conditions
assumed, will be conservative.

15.2.6.3.3 Conclusions 1 6 and in the Control Room
15.2.6.3.3.1 Filter Loadings

No filter serves to limit the release of radioactivit in this accident. There
is no significant activity buildup on any filters as a consequence of loss of
ac power.

duration of
15.2.6.3.3.2 Doses to Receptor at Exclusion Are oundary a4týd the accident

Low Population Zone Outer Boundary (12 hours or

The maximum doses to an individual who spends the4 r oonger)
a.G pewe-r at the exclusion area boundarydp;,Q17
exposure (8 hours or longer)_ the outer boundary of the low-population zone,-
are given in Table 15.2-3. T e doses are within a small fraction of the
guideline values of 10 cFRk•. • and in the control room for

15.2.6.4 Conclusions or30 days

Results of the analysis sh that, for the loss of non-emergency ac power to
plant auxiliaries event, al safety criteria are met. Since the DNBR remains
above the design limit, the core is not adversely affected.

Analysis of the natural cir ulation capability of the RCS demonstrates that
sufficient long term heat r moval capability exists following reactor coolant
pump coastdown to prevent f el or clad damage.

20 for
offsite
locations
and the 10
CFR 50.67
guideline
value in the
control
room.
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TABLE 15.2-2

I. Source
a. Core
power
level, - P
MWt

PARAMETERS USED IN EVALUATING RADIOLOGICAL CONSEQUENCES
OF LOSS OF NONEMERGENCY AC POWER

3637 (includes uncertainty)
Data -
Steam generator type leakage, gpm 1

Reactor coolant initial iodine activity 1.0 P(

with an assumed
iodine spike that
increases the rate
of iodine release
into the reactor
coolant by a factor
of 500. The
increa d rate is
assumP for 8
hoursi
dose

alent
1-131
equiv

Secondary system initial iodine activity 0.1 pCi/gm of
1-131 dose
equivalent

El 4-.- Reactor coolant initial
If. Insert F >

Fej- . Iodine partition factor

generators

JEich....a gcncrator ....
SInsert M os he i Disp... ersion Fa .c

II. Atmospheric Dispersion Factors

noble gas activity

i- the steam

500 microCi/gm of
Xe-133 dose equivalent

0.01

#-R4 M.acc. 1h

See Table 15A-2

III. Activity Release Data

a. Total primary to secondary leakage 0-& hr, lb

b. Steam release from all steam generators 0-2
hours, lb
2rz..Lhours, lb ~ ~42 ous i move to

e- A--•vity rclcaecd to the cnvironment next line

0-2 hr (Ci)

11i33

1 134
e- 135-m

Xe 13 3ff
Xe 13 5mXc 13 5

Xe 1357

Xe 138S

K-8-m
Kr- 8 Fm

Kr- 8

Kra 8

!.S3El!
1.5£E 1

3.12E I
2.{7E 2

1.54
2.41
!.3!Ei2
5.!3E2

4.68E 3
G.30E2
!.76E1!

8.82E1
4.27
4.0GE-!

2.09E3

5.49BEs5 419,846
.03E 35291

0 8 hr (Ci)

5.3!E1!
2.55El!

8.42E 1
2.87E 2
3.95E !
6.13
9.26
5.!5Ei2
5.I5E-2
l.34Ei!
4.68E 3
6.31E-2
3.15E !

6.04E-1
3. 40
2.09E 3
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TABLE 15.2-3

RADIOLOGICAL CONSEQUENCES OF LOSS OF NON-EMERGENCY
AC POWER

Exclusion area boundary
(o 2 hr)- (duration)]

Thyroidy rem.
Whoic body, rem

Low-population zone, outer
boundary (duration)

Thyr'id, rem.
Whole body, rem

Wolf Creek TEDE
Dose (remk_

13.3E-2 1

1.92B 2
3.84BE4

13.6E-3

7.24E9-
4-.69B 4

lControl Room (30 days) 11.1 E-1
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Also, the peak clad surface temperature is considerably less than 2,700 OF. It
should be noted that the clad temperature was conservatively calculated,
assuming that DNB occurs at the initiation of the transient.

The calculated sequence of events for the two cases analyzed is shown on Table
15.3-1. Figures 15.3-14 and 15.3-15 shows that the core flow rapidly reaches a
new equilibrium value. With the reactor tripped, a stable plant condition will
eventually be attained. Normal plant shutdown may then proceed.

15.3.3.3 Radiological Consequences residual heat removal system
3 1 can match decay heat and

15.3.3 .3 .1 Method of Analysis releases from the secondary

15.3.3.3.1.1 Physical Model system are terminated.

The instantaneous seizure o a reactor coolant pump rotor results in a reactor
trip on a low coolant f signal. With the coincident loss of offsite power,
the condensers are available, so the excess heat is removed from the
secondary syste y a steam dump through the steam generator safety and
atmospheric ief valves. Steam generator tube leakage is assumed to continue
until thei s ,.ms are equalized.
The reactor coolant will contain the gap activities of the fraction of the fuel
which undergoes DNB in addition to its assumed equilibrium activity.

15.3.3.3.1.2 Assumptions and Conditions

The major assumptions and parameters used in the analysis are itemized in
Tables 15.3-3 and 15A-1 and summarized below.

The assumption used to determine the initial con trations of isotopes in the
reactor coolant and secondary coolant prior to the cident are as follows:

a. The reactor coolant iodine activity is based the dose
equivalent of 1.0 pCi/gm of 1-131.

b. The noble gas activity in the reactor coolant is bas
on 1 pereent faldfuel.

the dose equivalent of 500 microCi/gm of Xe-133. Tables 15B-1 and

c. The reactor coolant alkali metal activity is based on 1-percent 155B-6 provide a

failed fuel as provided in Table 11.1-5. comparison of the
analysis to the
guidelines of
Regulatory Guide
1.183.
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e. The secondary coolant alkali metal
activity is based on the same ratio of
primary to secondary system activity as WOLF CREEK
iodine (i.e., 10% of primary side activity).I iodine

P--1. /The secondary coolant tivity is based on the dose
equivalent of 0.1 pCi/gm of 1-131.

The following conditions are used to calculate the activity released.

a. 5 percent of fuel rod gap activity is additionally
released to the reactor coolant ,i.e., 5 percent of the rods

b. Offsite power is lost. experienced DNB

c. Following the incident, secondary steam is released to
the environment for heat removal. The total quantity of
steam released is given in Table 15.3-3.

d. Primary-to-secondary lea• continues after the

accident for a period of & hours. At that time,•
coolant and secondary cystem pessures are equalized. J
Until the pressure equalizeT he leakage rate is
assumed to be constant and equal to the rate existing
prier to the incident of 1 gpm (500 lbs/hr).

e. Fission products released from the fuel-cladding gap of
the damaged fuel rods are assumed to be instantaneously
and homogeneously mixed with the reactor coolant.

f. The noble gas activity released is equal to the amount
present in the reactor coolant which leaks into the
secondary system after the accident.

g. The iodine activity present in the primary to secondary
leakage is assumed to mix homogeneously with the iodine
activity initially present in the steam generators.

h. A partition factor of 0.01 between the vapor and liquid
phases for radioiodine in the steam generators is
utilized to determine iodine releases to the environment
via steam venting from the steam generators.

_i- The activity released from the steam generators is
immediately vented to the environment.

No credit is taken for radioactive decay or ground
deposition during radioactivity transport to offsite
locatio

s or the control room.

i. A full power moisture carryover of 0.25% is utilized to
determine alkali metal releases to the environment via steam
venting from the steam generators.

the residual
heat
removal
system has
matched
decay heat
removal
and
releases
from the
secondary
system are
terminated.
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15A-1, and 15A-4,
respectively

k-•. Short-term accident atmospheric dispersion factors
corresponding to ground level releases, breathing ra s,
and dose conversion factors are given in Table 15A-2.

15.3.3.3.1.3 Mathematical Models Used in the Analysis N

Mathematical models used in the analysis are described in the following
sections:

a. The mathematical models used to analyze the activity
released during the course of the accident are described
in Appendix 15A.

b. The atmospheric dispersion factors used in the analysis
were calculated based on the onsite meteorological
measurement programs described in Section 2.3 and are
provided in Table 15A-2.

c. The E. Ai #inn a .... ,,"y I rs- on doses to
a receptor at the exclusion area boundarý,• outer
boundary of the low-population zone analyzed using
the models described in Appendix 15A. , and in the control

15.3.3.3.1.4 Identification of Leakage Pathways and Resultant room
Leakage Activity

The leakage pathways are:

a. Direct steam dump to the atmosphere through the
secondary system atmospheric relief and safety valves
for the secondary steam

b. Primary-to-secondary steam generator tube leakage and
subsequent steam dump to the atmosphere through the
secondary system atmospheric relief and safety valves

i~ 'k- - +- 1, - +- -4- - 1 -- 4 -- -- I - A
- A A q R

15.3 .3 .3 .2 Identification of Uncertainties and Conservative
Elements in the Analysis

Reaeter- eeol:9ant -and ccooen-dary coolant aciito f 10
m•i/g.m -and 1 mi4,'Gm I 131 do ! !3!lnequivalent,
rsspectively, are many timec greater than assumed for

nom per-ation qonditions.

A 1-gpm steam generator primary-to-secondary leakage,
which is significantly greater than that anticipated
during normal operation, is assumed.

15.3-13 Rev. 13
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C-. The coincident loss of offsite power with the occurrence
of a reactor coolant pump locked rotor is a highly
conservative assumption. In the event of the
availability of offsite station power, the condenser
steam dump valves will open, permitting steam dump to
the condenser. Thus there is no direct release to the
environment.

[c 4- The meteorological conditions which may be present at
the site during the course of the accident are
uncertain. However, it is highly unlikely that the
meteorological conditions assumed will be present during
the course of the accident for any extended period of
time. Therefore, the radiological consequences
evaluated, based on the meteorological conditions
assumed, are conservative.

15.3.3.3.3 Conclusions

15.3.3.3.3.1 Filter Loadings

The only ESF filtration system considered in the analysis which limits the
consequences of the reactor coolant pump locked rotor accident is the control
room filtration system. Activity loadings on the control room charcoal filter
are based on the flow rate through the filter, the concentration of activity at
the filter inlet, and the filter efficiency.

The activity in the control room filter as a function of time has been
evaluated for the loss-of-coolant accident, Section 15.6.5. Since the control
room filters are capable of accommodating the potential design-basis loss-of-
coolant accident fission product iodine loadings, more than adequate design
margin is available with respect to postulated reactor coolant pump locked
rotor accident releases.

15.3.3.3.3.2 Doses to Receptor at the Exclusion Area Boundary[
a4 Low-Population Zone Outer Boundary[, and in the Control Room

The potential radiological consequences resulting from the occurrence of a
postulated reactor coolant pump locked rotor have been conservatively analyzed,
using assumptipns and mn deis described in previous sections.
The total . . .. 1
dooc duoinalation 1 ve been analyzed for the 0-2 hour dose at th
exclusion area boundaryLjmn for the duration of the accident (0 to g ours) at
the low-population zone outer boundar . The results are listed in Table 15.3-
4. The resultant doses are we44 with he guideline values of 10 CFR 4-0-".

/ 50.67 for
and in the control a small frr offsite

room for 30 days. fraction of locations

and the full
10 CFR
50.67
guideline
value in the
control
room.
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TABLE 15.3-3

PARAMETERS USED IN EVALUATING THE
RADIOLOGICAL CONSEQUENCES OF A LOCKED

ROTOR ACCIDENT

I. Source Data

a. Power level, MWt

b. Steam generator tube
leakage, gpm

Reactor colnt idi

d--. Rcaetor- eola~nt noble qa&

3637 (includes uncertainty)

e-. Secondary systcm aetivity

g. toinvty prteleasdo to reatfor
a-=- coacnt frcomoaie fuel

E§~~]4r-- Noblc gas, perccnt of gap
Insert D .... in ent- r

--- Iodine, percent of gap

G- ap ýinventory

g. Iodine partition factor for

1h. nset E steam generators

~-Reactor coolant mass, lbs

4=- Steam generator mass,

1j netMI--, per gener-ator, 1l9c

II. Atmospheric Dispersion Factors

III. Activity Release Data

a--. a. Total primary to ge, 0 2 hrs

secondary leakage leakage,

0-12 hr, lb - - -- aced- -from steam
generators, lba

b. Steam release e-2-4-hr-s
from all steam ,.1ant lealsage,
generators
0-2 hr, lb aized from steam

2-12 hr, lb s, ibs

4-,----4 ,C,-'gm of - I ''• 131Based o~n 1 percent
failedfuiel, as

proevided -in Table-
ii. i 5

Doze equivalent of

•l 4 pim of I 131

0.01

4.94E-1i-q3.99E+5

see Table 15A-2

5.49E15

6006

-03B 1 611,352R91e 1
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Insert D

c. Core Inventories see Table 15A-3

d. Radial peaking factor 1.65

e. Extent of core damage 5 percent of the fuel rods

experience cladding

failure

f. Activity released to reactor coolant from fuel gap

of failed fuel, percent of core inventory

1. Kr-85 10

2. 1-131 8

3. Other noble gases 5

4. Other iodines 5

5. Alkali metals 12



Insert E

Alkali metal partition factor for steam 0.0025

generators (based on full power moisture

carryover of 0.25%)



Insert M

Each steam generator water mass, lb
0-2 hrs 82,500
>2 hrs (assumes water level reaches 0% narrow range span) 121,250
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TABLE 15.3-3 (Sheet 2)

•% 4- 4-
C9-. 1 ~ ~ ~ ~ ~ ~ ~ ~ UI ktL t=d:Y h = t-!:h.Lc t.LL z* t

0-2 hr (Ci) 0 8 har (C-i)

1 132

1 135
Xe 131i

Xe -133

Xe 4:3
Xe 13 7
Xe 13 8

Kr- 8 Sm

Kr-87

8.37

1 . 3i BE i
5.87

1. 17GE i
1. 17E ii3

6. 99Ei4
4. 45Ei2a
8.O02E+il
2. 8lEi2
8.829+1
2.33E I
3 .52Ei1
:3 419Fsi2-
S 85SE+2-
3 .439i

8 .36Eil

1.23E12

2.42E12

7.O02E i
1. 44Ei:3
8 .92Eil
2 .82Ei2

6. 23Ei2
1. 41Ei2
4.74Ei2
1.30Ei3
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TABLE 15.3-4

RADIOLOGICAL CONSEQUENCES OF A
LOCKED ROTOR ACCIDENT

Wolf Cree
Dose[• (rem=

Exclusion Area Boundary
(0-2 hr) F3.8E_-1

Thyreid, rem 0.-882
Whole body, re 9m7

Low Population ZoneOuter Boundary
(duration) 3.0E1

Thyroidl, rem.t ! ]1 4;3 Q*
Whole body, rem 0.-024

JControl Room (30 days) 147E+01

*Note that the doses reported here reflect the rod ejection doses from

secondary releases shown in Table 15.4-4, as it was determined this release
pathway is bounding.

Rev. 13



WOLF CREEK

severity of the present analysis does not exceed the "worst case" analysis, the
accident for this plant will not result in an excessive pressure rise or
further damage to the RCS.

Lattice Deformations

A large temperature gradient will exist in the region of the hot spot. Since
the fuel rods are free to move in the vertical direction, differential
expansion between separate rods cannot produce distortion. However, the
temperature gradients across individual rods may produce a differential
expansion tending to bow the midpoint of the rods toward the hotter side of the
rod. Calculations have indicated that this bowing would result in a negative
reactivity effect at the hot spot since Westinghouse cores are under-moderated,
and bowing will tend to increase the under-moderation at the hot spot. In
practice, no significant bowing is anticipated, since the structural rigidity
of the core is more than sufficient to withstand the forces produced. Boiling
in the hot spot region would produce a net flow of coolant away from that
region. However, the heat from the fuel is released to the water relatively
slowly, and it is considered inconceivable that cross flow will be sufficient
to produce significant lattice forces. Even if massive and rapid boiling,
sufficient to distort the lattice, is hypothetically postulated, the large void
fraction in the hot spot region would produce a reduction in the total core
moderator to fuel ratio, and a large reduction in this ratio at the hot spot.
The net effect would therefore be a negative feedback. It can be concluded
that no conceivable mechanism exists for a net positive feedback resulting from
lattice deformation. In fact, a small negative feedback may result. The effect
is conservatively ignored in the analysis.

15.4.8.3 Radiological Consequences

15.4.8.3.1 Method of Analysis

15.4.8.3.1.1 Physical Model

Prior to the accident, it is assumed that the plant has been operating with
simultaneous fuel defects and steam generator tube leakage for a time
sufficient to establish equilibrium levels of activity in the reactor coolant
and secondary systems.

The RCCA ejection results in reactivity being inserted to the core which causes
the local power to rise. In a conservative analysis, it is assumed that
partial cladding failure and fuel melting occurs. The fuel pellet and gap
activities are assumed to be immediately and uniformly released within the
reactor coolant or containment,

depending on
which release
path is being
considered.
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Two release paths to the environment exist which are analyzed separately and
conservatively, as if all the activity is available for release from each path.

The activity released to the containment from the reactor coolant through the
ruptured control rod mechanism pressure housing is assumed to be mixed
instantaneously throughout the containment and is available for leakage to the
atmosphere. The only removal processes considered in the containment are 4Q444e
pqateout, radioactive decay, and leakage from the containment.

The model for the activit
relief valves assumes tha
ScQcodary system plus tha
coolant through the steam
the secondary side of the
reactor coolant and seconP

y available for release to the atmosphere from the
t the release consists of the activity in the
t fraction of the activity leaking from the reactor
generator tubes. The leakage of reactor coolant to
steam generator continues until the pre.Sure. s in th

darry syster•s equalize.

gene o-:-r- P- Refer to Figures 15.4-26 and 15.4-27.

systrn i,4ýto he seamtub leaagk ýR s-1-1-Thus, -in. the c-ase

from a steam dump through the relief valves.

15.4.8.3.1.2 Assumptions and Conditions

The major assumptions and parameters used in the analysis are itemized in
Tables 15.4-3 and 15A-1 and summarized below. The assu ptions are consistent
with Regulatory Guide 17.1

+iik!ý U6"bk bu "I .LVII ..I. .ii LI- UO U II L .. . .. UL , ~ L.Jt .l A LIU4

IP-1 I. ~ 7 - -J -Z
-1---Ja-_

equivalent of 1.0 I -t--

The noble gas and in G ne activity in the rea ter coolant
--- A - 1 --- E -. 1- -- 1........ .. .... IL-

equivalent of 0.1-?" $ -'Ci/ ±'m of 1-131::.:• u

Tables 15B-1 and 15B-7
provide a comparison of
the analysis to the
guidelines of Regulatory
Guide 1.183.

the residual heat removal system can match decay heat
and steam releases from the steam generators are
terminated. After this time, no more releases to the
environment occur.
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The following conditions are used to calculate the activity released and the
offsite doses following a RCCA ejection accident. for iodine and noble

a. 10 percent of the fuel rod gap activity, pt fot Kr- gas and 12 percent of
85 and 1-131, which are 30 percent and 12 perce the fuel rod gap activity
respectively, is additionally released to the reactor
coolant. for alkali metal

b. 0.25 percent of the fuel is assumed to melt. RHR-operationRto
.--- • take over decay

c. Following the incident until Pd take over decay
....... ... . .... .. . -• heat rem oval at

pressures equalize, secondary steam is released to the h
environment. The total quantity of steam released is 12 hours
given in Table 15.4.3. Ileakageis I

d. The l-gpm primary-to-secondary I-a _Io the unaffected
steam generators. ffr thi nrimrn tf

e. All noble gas activity in the reactor coolant which is
transported to the secondary system via the primary-to-
secondary leakage is assumed to be immediately released
to the environment.

f. Fission products released from the fuel-cladding gap of
the damaged fuel rods are assumed to be instantaneously

land alkali metall and homogeneously mixed with the reactor coolant *-

g. 0 o activity present in the primaryWo ondary
leakage is assumed to mix homogeneously with th J -o4iA
ac-tivity initially .p.r.s.... in the steam generators.

h. A partition factor of-J -7etween the vapor and liquid
phases for radioiodine in the steam generators is
utilized to determine iodine releases to the environment
via steam venting from the steam generators.

secondary release
pathway case and
instantaneously
and
homogeneously
mixed within
containment for the
containment
leakage pathway
case.

-i-• he activity released from the steam generators is
immediately vented to the environment.

4-• The containment is assumed to leak at 0.2 volume
percent/day during the first 24 hours immediately
following the accident and 0.1 volume percent/day
thereafter.

k-,[No credit is taken for radioactive decay or ground
deposition during radioactivity transport to offsitelor control room ]
locatio5

w
i. The full power moisture carryover of 0.25% is utilized to
determine the alkali metal releases to the environment via
steam venting from the steam generators.
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I 1-h Short-term accident atmospheric dispersion factors

corresponding to ground level releases, breathing rates,
and dose conversion factors are given in Table5A-2,115A-I,1
and 15A-4, respectively.

M__ Offsite power is assumed lost.

15.4.8.3.1.3 Mathematical Models Used in the Analysis

Mathematical models used in the analysis are described in the following
sections:

a. The mathematical models used to analyze the activity
released during the course of the accident are described
in Appendix 15A.

b. The atmospheric dispersion factors used in the analysis
were calculated based on the onsite meteorological
measurement programs described in Section 2.3 and are
provided in Table 15A-2.

c. The thyroid inhalation an -b-dy- im-mersion doses to
a receptor at the exclusion area boundar outer
boundary of the low-population zone r reqnalyzed, using
the models described in Appendix 15A. and in th control r

15.4.8.3.1.4 Identification of Leakage Pathways and Resultant
Leakage Activity

The leakage pathways are:

a. Direct steam dump to the atmosphere through the
secondary system relief valves for the secondary steam

b. Primary-to-secondary steam generator tube leakage and
subsequent steam dump to the atmosphere through the
secondary system relief valves

c. The resultant activity released to the containment is
assumed available for leakage directly to the
environment.

Table 15.4-3 shows the total curics released

15.4.8.3.2 Identification of Uncertainties and Conservative
Elements in the Analysis

a-b- Reactor coolant and secondary coolant activities of 1
percent failed fuel and 0.1 -±Ci/gm 1-131 dose
equivalent, respectively, are many times greater than
assumed for normal operation conditions.
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-b- A l-gpm steam generator primary-to-secondary leakage,which is significantly greater than that anticipated
during normal operation, is assumed.

G-- The coincident loss of offsite power with the occurrence
of a RCCA ejection accident is a highly conservative
assumption. In the event of the availability of offsite
station power, the condenser steam dump valves will
open, permitting steam dump to the condenser. Thus
there is no direct release via that path to the
environment.

d-1 It is assumed that. - of the iodines released to
the containment atmosphere is adsorbed (i.e. plate out)
onto the internal surfaces of the containment or adheres
to internal components. However, it is ý---imat-edthat
the removal of airborne iodines by various physica recognized
phenomena such as adsorption, adherence, and settling
could reduce the resultant doses by a factor of 3 to Q0.

. The activity released to the containment atmosphere is
assumed to leak to the environment at the containment
leakage rate of 0.2-volume percent/day for the first 24
hours and 0.1-volume percent/day thereafter. The initial
containment leakage rate is based on the peak calculated
internal containment pressure anticipated after a LOCA.
The pressures associated with a RCCA ejection accident
are considerably lower than that calculated for a LOCA.
The pressure inside the containment also decreases
considerably with time, with an expected decrease in
leakage rates. Taking into account that the containment
leak rate is a function of pressure, the resultant doses
could be reduced by a factor of 5 to 10 (Ref. 10).

R.- The meteorological conditions which may be present at the
site during the course of the accident are uncertain.
However, it is highly unlikely that the meteorological
conditions assumed will be present during the course of
the accident for any extended period of time. Therefore,
the radiological consequences evaluated, based on the
meteorological conditions assumed, are conservative.

15.4.8.3.3 Conclusions

15.4.8.3.3.1 Filter Loadings

The only ESF filtration system considered in the analysis which limits the
consequences of the RCCA ejection accident is the control room filtration
system. Activity loadings on the control
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room charcoal filter are based on the flow rate through the filter, the
concentration of activity at the filter inlet, and the filter efficiency.

The activity in the control room filter as a function of time has been
evaluated for the loss-of-coolant accident, Section 15.6.5. Since the control
room filters are capable of accommodating the potential design-basis loss-of-
coolant accident fission product iodine loadings, more than adequate design
margin is available with respect to postulated RCCA ejection accident releases.

15.4.8.3.3.2 Doses to Receptor at the Exclusion Area Boundary[
a&4 Low-Population Zone Outer Boundary and in the Control Room

The potential radiological consequences resulting from the occurrence of a
postulated RCCA ejection accident have been conservatively analyzed, using
assumptions and models described in previous sections.

ITEDE doses have
The total-body doses due tG oTRrson 8 rom irept radiation and the thyroid
dose due to inhalationr- 1 ave been analyzed for the 0-2 hour dose at the
exclusion area boundary,] for the duration of the accident at the low-
population zone outer boundary The results are listed in Table 15.4-4. The
resultant doses are well withi'Nhe guideline values of 10 CFR I-4.

15.4.8.4 Conclusions .and.for30.days
icontrol room 150.67 for offsite locations and

Even on a conservative basis, the analyses indicate that the full 10 CFR 50.67 guideline
clad limits are not exceeded. It is concluded that ther value in the control room.
sudden fuel dispersal into the coolant. Since the peak I
exceed that which would cause stresses to exceed the faulted condition stress
limits, it is concluded that there is no danger of further consequential damage
to the RCS. The analyses have demonstrated that upper limit in fission product
release as a result of a number of fuel rods entering DNB amounts to 10
percent.

The RCS integrated break flow to containment following a rod ejection accident
is shown in Figure 15.4-28.
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TABLE 15.4-3

PARAMETERS USED IN EVALUATING THE
RCCA EJECTION ACCIDENT

I. Source Data

a. Core power level, MWT

-b-- BurnRue. full Do-welr dx-;;v

13637 (includes uncertainty)

10009

~7Je~ Core inventories Table 15A-3

Steam generator tube leakage, gpm 1

e-. Reactor coolant

f-- .Secndary system aetivity

d. Radial peaking factor

Based on 1 percen
f-ailed fuel, provi~ded
in Table 11.1-5

Based on 1 percent
-failed fuel, 4- t-im~es
th~e valuaes provided in

1.651T-able 11.1 4

F 9. Extent of core damage 10 percent of fuel
rods experience
cladding failure; 0.25
percent of fuel
experiences melting

•h. Activity released to reactor
coolant, percent lof core acti

1. Cladding failure

(a) Noble gas gap activity
(b) Iodine gap activity
1(c) Alkali metal gap activity

2. Fuel melting fuel

(a) Noble gas gap activity
(b) Iodine fuel activity
r(c) Alkali metal fuel activity I

-i--. Iodine carryover factor for steam

h. Insert El generators

Fjý Reactor coolant mass, lbs

100

100

0.1

4.94E 5[5--E--5I~I

1. 04E 5

j. Insert M ...ee. ...ter
I F I i i C IF iiiý i i ; i ; . lbsýsteam
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TABLE 15.4-3 (Sheet 2)

II. Atmospheric Dispersion Factors Table 15A-2

III. Activity Release Data

a. Containment volume, ft 3

b. Containment leak rate, volume
percent/day
1. 0-24 hours
2. 1-30 days

2.5E + 6

0.20
0.10

e. Steam release
c. Percent of containment leakage from all steam

that is unfiltered 100 generators

4-- Plateout of iodinc wAxithin 0-2 hr, lb
containment, percent 2-12 hr, lb

eAlOffs' r Lost

- Stam release from relief va4ve.9
............. #

11,352,9181

g-- Duration of release from relief
valves, see Fil•

h-• Aetivity relcased to the

14~ Q 12]

11 +- 4 4- 1
=X-Xý= =ýXxc-xx - . -Ct -- ctrrt Ct M "

Steam Cenerator
-Re I-eace -,R ( Cij)

Containment
Reloaco (Ci)

1 144

1-135
Xe 134
Xe-434~
Xe 133-

Xe 135
Xe 1357

Kr-85ma

5 .369B 0
6. 546E s0

9.393&i0
9. 937E i 0
8. 703E9I 0
5.287E 017
3. 038Ei 0

1.768E 1 0-1
2. 3259 1G-
6. 884E 10-1
7. 65G& 10
6.080OE 00
1.9416E01
1392El0

2. 5q2144 01
3. 980S 0194
3. 494B 901

1 .949E 102a
9. 65E 01
1. 769E 0
1. 012E I 02

.554E• •
2 .225E 00
1.26510-1
4. 146E O02
1. 469E 0-1
9. 114E10-1

1. 64E 0-1
5. 812E 0-1
1. BlOE 01
4.788910-1
5. 874E 990
6. 647E I01

:7. 095E I0

7. .275E 103-

2. 139E 102
2. 142E 903
1 275E a0

8184 I 02
2 . 28B 102
3. 142A 402
2. 087E 04-

1. 476E 01-
5. 9409 102

1.640E 01-
5. 829EA01-
3 .479E 01-
1.774E O02

9.863E 01-
3.15 lOE 0
7. 099E 100
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TABLE 15.4-4

RADIOLOGICAL CONSEQUENCES OF A
ROD-EJECTION ACCIDENT

lContainment Leakage I

Exclusion Area Boundary
(0-2 hr)

Wolf Creek TEDE [

11.2E+O

Thyreid

Low Population Zone Outer Boundary
(duration)

1. 17 -l' 1

[2.0E+0

1.7E+O[

Thyreid
Whiele beA-

IControl Room (30 days)

[Secondary Releases

Exclusion Area Boundary (0-2 hr)

Low Population Zone Outer
Boundary (duration)

Control Room (30 days)

3.8E-1

3.OE-1

4.7E+0

Rev. 13



WOLF CREEK

u1

09
ca
u-

6.

5.0

1.0

3.0

2.0

1.0

0
0 0.5 1.0 2.5 3.0 3.5 4.0

FIGURE 15.4-28

REACTOR COOLANT SYSTEM
INTEGRATED BREAK FLOW FOLLOWI

A ROD EJECTION ACCIDENTC,

I



WOLF CREEK

volume control system letdown line penetrating the containment. The grab sample
lines are provided with normal closed isolation valves on both sides of the
containment wall and are designed in accordance with the requirements of GDC-
55.

The most severe pipe rupture with regard to radioactivity release during normal
plant operation is rupture of the chemical and volume control system letdown
line at a point outside of the containment. For such a break, the reactor
coolant letdown flow would have passed sequentially from the cold leg and
through the regenerative heat exchanger and letdown orifices. The letdown
orifice reduces the letdown line pressure from 2,235 psig to less than 600 psig
outside containment during normal plant operation when letdown flow is
maintained at a nominal 120 gpm. Increase in flow will occur due to a rupture
of the letdown line downstream of the orifices. It has been determined that
the occurrence of a complete severance of the letdown line would result in a
loss of reactor coolant at the rate of 4-2-- gpm. 1 41

Since the reactor makeup water transfer pumps are designed to deliver 120 gpm
to the boric acid blending tee, the capability of the reactor makeup system can
not maintain VCT level. The imbalance of the VCT outflow and inflow would
eventually result in water level dropping to VCT level Lo/Refueling Water
Sequence setpoint (5%) and the suction of the charging pump would automatically
be shifted from the VCT to the RWST. In addition, the calculated releases rate
is beyond the capacity of a single charging pump, which is capable of
delivering 150 gpm flow to the RCS under normal operating conditions, if the
RCP seal leakoff and any identified leakage are accounted for. The control
room operators would be alerted of the failure by a high charging flow alarm
and/or continuous VCT makeup and a slowly decreasing VCT and pressurizer level.
The high charging flow alarm procedure in conjunction with the plant off-normal
procedure for high RCS leakage would require letdown isolation inside the
containment which would terminate the nn]•nt ]ns

15.6.2.1 Radiological Consequen

15.6.2.1.1 Method of Analysis

15.6.2.1.1.1 Physical Model

a. An initial reactor coolant iodine activity equal to the dose
equivalent of 1.0 microCi/gm of 1-131 with an iodine spike
that increases the escape rate from the fuel into the coolant
by a factor of 500 immediately after the accident is assumed.
This increased escape rate is assumed for 8 hours.

The volatile fractions of the spil reactor coolant are assumed to be
available for immediate releas o the environment.

15.6.2.1.1.2 Assumptio;,and Conditions

The major assum ons and parameters used in the analysis are provided in Table
15.6-2 alnds arized below:

a. The rcactor poolant i fdinc activity 4!.- o #hp doco

cquivalont f10#G4g fI11

b. The noble gas activity in the reactor coolant is based on
1-pcrccnt failed fuol.

MeW A total ef 111,600 pounds of reactor coolant is spilled
onto the floor of the auxiliary building. (Based on

A fwdoubling the maximum flcwratc of 222 gpm te account for
A flow rate V backf½w-over a thirty minute release, followed by a ten

of 141 gpm r second valve closure period).

A- ll of the noble gases in the spilled reactor coolant are
released to the environment.

<- 500 microCi/
gm of
Xe-1 33 dose
equivalent.

c. The alkali metal activity in
the reactor coolant is based
on 1-percent failed fuel as
provided in Table 11.1-5. 15.6-4
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based on letdown line fluid
conditions of 380°F and

WOLF CREEK 600 psig and saturation at

-Eighteen and alkali metal atmospheric pressure.
Spermit of the spill is assumed to All of the

iodine ctivity in the flashed fraction of the spill is
assumed to be released.

F - No credit is taken for mixing and holdup of the releases6 Nwithin the auxiliary building, nor are the auxiliary
building normal exhaust filters credited with reducing
the release. That is, the release is modeled as being
direct to the environment.

15.6.2.1.1.3 Mathematical Models Used in the Analysis

Mathematical models used in the analysis are described in the following
sections:

a. The mathematical models used to analyze the activity
released during the course of the accident are described
in Appendix 15A.

b. The atmospheric dispersion factors used in the analysis
were calculated based on the onsite meteorological
measurement programs described in Section 2.3 and
provided in TEDE

c. The thyroid inhalation and total bod- imm-rsion doses to
a receptor at the exclusion area boundar -• outer
boundary of the low-population zone re analyzed, using
the models described in Appendix 15A.

15.6.2.1.1.4 Identification of Leakage Pathways and Resultant
Leakage Activity

The reactor coolant spilled in the auxiliary building will collect in the floor
drain sumps. From there, it will be pumped to the radwaste treatment system.
Therefore, the only release paths that present a radiological hazard involve
the volatile fraction of spilled coolant.

Normally, gases released in the auxiliary building mix with the building
atmosphere and are gradually exhausted through the filtered building
ventilation system. The charcoal filters normally remove a very large fraction
of the airborne iodine in the building atmosphere. However, the ventilation
system is not designed to mitigate the consequences of an accident (e.g., it
might not survive an earthquake more severe than the operating-basis
earthquake), nor can the possibility of unplanned leakages from the auxiliary
building be eliminated; hence, no credit is taken for these effects reducing
the released activity.

15.6-5 Rev. 1
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The evaporated radionuclides are assumed to be available immediately to the
outside atmosphere. This activity is tabulated in Table 15.6-2.

15.6.2.1.2 Identification of Uncertainties and Conservatisms in
the Analysis

The principal uncertainties in the calculation of doses following a letdown
line rupture arise from the unknown extent of reactor coolant contamination by
radionuclides, the quantity of coolant spilled, the fraction of the spilled
activity that escapes the auxiliary building, and the environmental conditions
at the time. Each of these uncertainties is treated by taking worst-case or
extremely conservative assumptions.

The extent of coolant contamination assumed greatly exceeds the levels expected
in practice. The rupture is postulated in a seismic Category I, ASME Section
III, Class 2 piping system. It is assumed that the leak goes undetected for 30
minutes. It is expected that considerable holdup and filtration occurs in the
auxiliary building, but no credit is assumed.

The purpose of all these conservatisms is to place an upper bound on doses.

15.6.2.1.3 Conclusions and alkali

15.6.2.1.3.1 Filter Loadings metal

No filter is credited w' the collection of radionuclides in this accident
analysis. The build on these filters (auxiliary building and control
building charc a ilters) that may be expected due to the adsorption of some
of the iodine -s very small compared with the design capacity of these filters.

15.6.2.1.3.2 Dose to Receptor at the Exclusion Area Boundar ,•
Low-Population Zone Outer Boundary and in the Control Room

The radiological consequences resulting from the occurrence of a postulated
letdown line rupture have been conservatively analyzed, using assumptions and
models described in previous sections.

The tien tota9-bedy i-es doses have been analyzed for the 0-
2 hour dose at the exclusion area boundar , q4 for the duration of the accident
at the low-population zone outer boundary The results are listed in Table
15.6-3. The resultant doses are within a 11 fraction of the guideline values
of 10 CFR 1-04."'anfo30dyintectrlom

15.6.3 S EAM GENERATOR TUBE RUPTURE (SGTR)

The steam enerator tube rupture (SGTR) examined is the complete severance of
one sinQle steam qenerator tube which results in the leakage of reactor coolant

50.67 for the offsite locations and the full generator. The consequences of SGTR

10 CFR 50.67 guideline value in the re operator to take the necessary actions
7leakage. If the leakage continues for an

control room y side of the steam generator may become
-eQu ania war-er may enrer Lne szeamine. As a result, the release of liquid

through the secondary side safety/relief valves to the atmosphere may occur
that could result in an increase in the radiological doses.

Two SGTR scenarios are evaluated in order to ensure that operators can respond
to the accident in a timely manner so as to minimize the resulting offsite
releases and prevent overfilling of the effected steam l--i-. Those scenarios
are described below: Igenerator I
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and tube rupture activity
control WOLF CREEK break flow initially in
room and intact the

steam primary
15.6.3.3 Radiologi al Consequences generator and

15.6.3 3.1 Method o Analysis ,alkali metals, secondary
systems

The analysis of the radological consequences f an SGTR conside s the most
severe release of secon ry activity, as well s primary system ctivity lea d
from the tube break. The inventory of iodine and noble gas fis n product
activity available for rel ase to the environment depends on the primary to
secondary coolant leakage r te, the percentage of dfcieful_4 in thecren
and the mass of steam discha ged to the environment t . ..183

The r-e-=analysis of the radiolo ical consequencp-of a postulated SGTR uses the
guidelines provided in Regulato Guide I -l9-9AReference 7) for assumptions and
methods to calculate the offsite dose consequences. This involved changing
thr-e elem ent f theQ _ analysis of r.c.rd methodology .(Refe.ee 1) :

-(4)- The reanalysis uses thyroid dose conversion factors (DCFs) for inhalation
of radionuclides based on the data provided in Table 2.1 of Federal
Guidance Report 11, "Limiting Values of Radionuclide Intake and Air

Concntraionand Dose; Conversion4 Factors fopr: Inhalation,Sumrinad
Ingestion". This is a departure from .. the. more cnservative DCF, value.s
lis ted in Regulatoy Guide I 109, which 1ere u6ed in the previous
analysis Of record,

The effective dose conversion factors, provided in Table 111.l of Federal
Guidance; Report 12 "Exteprnal Expoesure to RadQiionclides in Air, Water-,
and Soil", are used to calculate the whole body doses. This deviates
from the previous analysis of record, which. uSd the More conservative
DCF Values@5 lis-ted in RegJulatoryý Guide@ 1.109, and-

4-3) The reanalysis uses a factor of 335 for the accident initiated iodine

spike release rate, which is a departure from the more conservative
factor of 500 modeled in the previous analysis of record.

These methodology changes reduce the magnitude of the accident source tprm and
result in I;Xlower doses than ol be; obtained u~sing the methodologjy previously
Presented in the SGR. w.ith ovrfill analysis of. recrd. However,
Regulatory Guide 1195 sou.rce. term. methodology i- recognized by the nucle.ar-
indust-ry as having a better sci~entifiJc; basis and. has been approved by the NRC
f-r the design and licensing appDications.

15.6.3.3.1.1 Physical Model

The evaluation of the radiological consequences of a postulated steam generator
tube rupture (SGTR) utilizes the results of the RETRAN analyses to calculate
releases of radioactive iodines d noble gases to the atmosphere to the time
of RHR cut-in conditions.a Iruptured

Concentrations of radioactivity in the RCS water and in the - and intact
steam generators are calculated utilizing release rates from the fuel,
calculated mass flows and conventionally used partitioning coefficients between
the liquid and steam phases. These radioactivity concentrations and the
calculated releases of mass to the atmosphere yield the released activity.
Radiological consequences are calculated using atmospheric dispersion
coefficients, breathing rates, and other aspects of conventional radiological
consequence calculations.

15.6.3.3.1.2 Assumptions and Conditions

The major assumptions and parameters assumed in the analysis are itemized in
Table 15.6-4 and 15A-1 and are summarized below.

Tables 155B-1 and 155B-5 provide a comparison of the analysis to the guidelines of
Regulatory Guide 1.183.
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d. The alkali metal activity in
the reactor coolant is based

e. I he initial secondary coolant alkali metal
activity is based on the same ratio of

on 1 -percent failed fuel as WOLF CREEK primary to secondary system activity as
provided in Table 11.1-5. j iodine (i.e., 10% of primary side activity).

a. The assumed reactor coolant iodin activity is determined
for the following two cases:Case 1 - An initial reactor ooatiodine aciiyequal

1o 
l n 

ac iv t

ea of 600 Ci 1-131 due to a pre-accident iodine spi e caused by RCS transients prior to the SGTR.

Case 2 - An initial eactor coolant iodine activity equal to

the dose equivalent 
of 1.0 pCi/gm of 1-131 with an iodine spike

that increa es the escape rate from the fuel into the coolant by afactor of 935 immediately after the accident. This increased I

escape te is assumed for t-he-duration 
of th accident.c8 

hourst

b. The nobl gas activity in the reactor coolant is based on 
a-tit eeqaen

"=• a p evi =• 4, _m= ,1iodine/1 -• •ofeq 
i aln500c. T ntial secondary coolant ivt sbsd on the dose microCi/

gm of

the uiae n of 0i al n f .Ci/gm of 1-131.w t n i d n p k
The following 

assumpti 
parameters 

are used to calculate 
the activity Xe-133.ee edcandpthe o si assed 

th R and control room doses

The total a. The amount of discharge 
or reactor coolant in the secondarybreak system as a function of time is as calculated by RETRAN analysis.

flo w to > Te- a n- a-l y s i s y i e l s1 9 5 , 3 71• p o u n d o. . -f r e a c t o r c o o , -la n t -t r a n s f e r r e d . , I

the 
t o the secondary 

cieofanth 4 f 
g .n. . and alkali metals

ruptured 
b. It is assumed that all of the iodine 

raction of reactor

steam 
coolant that flashes to steam upon reaching the secondary 

side is

generato released to the steam phase. No credit is taken for scrubbing.

ris listed c. A 1-gpm primary-to-secondary E---k sumed to occur to the

in Table intact uaffected steam generators, through the accident sequence.

15.6-4. d. All noble gas activity in the reactor coolant that is transported

to the secondary system via the tube rupture and the primary-to-
secondary leakage is released to the atmosphere.

e. The iodine partition fraction between the liquid and steam in the
steam generator is assumed to be 0.01.

ý7he steam releases from the steam generators to the atmosphere are
as calculated by RETRAN analysis and given in Table 15.6-4. Th-
tetal faulted feedwater flows to all steam generators are also
listed in Table 15.6-4.

Radioactivity releases to the atmosphere are based on the
concentrations of radioactivity in the steam phase times the
calculated amounts of steam release.

No additional radioactivity releases occur after the initiation of
RHR system cooling.

Radioactive decay prior to the release of activity is considered.
No decay during transit or ground deposition is considered.

Short-term accident atmospheric dispersion factors, breathing
rates, and dose conversion factors are provided in Tables 15A-2,
15A-1, and 15.6-4, respectively.

f. The full power moisture carryover of
0.25% is utilized to determine the alkali
metal releases to the environment via steam
venting from the steam generators.
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15.6.3.3.1.3 Mathematical Models Used in the Analysis

Mathematical models used in the analysis are described in the following
sections: Appendix 15A

a. The mathematical models used to analyze the activity released
during the course of the accident are described in Reference I and

b. The atmospheric dispersion factors used in the analysis were
calculated based on the onsite meteorological measurements program,
as described in USAR Section 2.3, and are provided in Table 15A-2.

c. The thyroid inhalation i.. m ion doses to a receptor at theLX< exclusion area boundar ,yn4 outer boundary of the low-population
zone e zone nalyzed, using the models described in Appendix 15A.

and in the control room 1
15.6.3.3.1.4 Identification of LeaKage Patfways and Resultant Leakage Activity

The activity released from the rUptured steam generator, is released directly to
the environment by the atmospheric relief valves. The intact steam generators
discharge steam and entrained activity via the safety and atmospheric relief
valves until the time that initiation of the RHR system can be accomplished.
In. a~d~dition, the ste am re IeasPe Jvia the_ exhaus5_t_ stacr-k o~f the T-DAFW pumps is al-
cosdee in the STR doe con.equence..... . s n in... TAble 15 6-4 Since the
activity is released directly to the environment with no credit for plateout or
fall out, the results of the analysis are based on the most direct leakage
pathway available. Therefore, the resulting radiological consequences
represent a conservative estimate of the potential integrated dose to the
postulated SGTR.

15.6.3.3.2 Identification of Uncertainties and Conservatisms in
the Analysis

a. Reactor coolant activities based on extreme iodine spiking effects
are conservatively high.

b. The assumed l-gpm steam generator primary-to-secondary leakage is
greater than that anticipated during normal operation.

c. Tube rupture of the steam generator is assumed to be a double-ended
severance of a single steam generator tube. This is a conservative
assumption, since the steam generator tubes are constructed of
highly ductile materials. The more probable mode of tube failure
is one or more minor leaks of undetermined origin. Activity in the
secondary steam system is subject to continual surveillance, and
the accumulation of activity from minor leaks that exceeds the
limits established in the technical specifications would lead to
reactor shutdown. Therefore, it is unlikely that the total amount
of activity considered available for release in this analysis would
ever be realized.
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g. Reactor coolant iodine and noble gas
activities are based on the Technical
Specification limits which are significantly
higher than the reactor coolant activities
associated with normal operating conditions.

WOLF CREEK

d. The coincident loss of offsite power with the occurrence of an SGTR
is a conservative assumption. In the event of the
availability of offsite power, the condenser dump valves will open,
permitting steam dump to the condenser. This will reduce the
amount of steam and entrained activity discharged directly to the
environment from the unaffected steam generators.

Fi n-tact]
e. The radiological consequence-save been based on a worst-case

scenario, i.e., eFrce sn-eam generator overf i1l wth a stuck-epen
safety val\ve a, ,tkn AP\/ %n thi r" itri ctom nnnrntnr

N

The meteorological conditions which may be present at the site
during the course of the accident are uncertain. However, it is
unlikely that meteorological conditions assumed will be present
during the course of the accident for any extended period of time.
Therefore, the radiological consequences evaluated, based on the
meteorological conditions assumed, are conservative.

15.6.3.3.3 Conclusions

15.6.3.3.3.1 Filter Loadings

The only ESF filtration system considered in the analysis which limits the
consequences of the steam generator tube rupture is the control room filtration
system. Activity loadings on the control room charcoal filter are based on
flow rate through the filter, concentration of activity at the filter inlet,
and filter efficiency.

Activity in the control room filter as a function of time has been evaluated
for the LOCA, Section 15.6.5. Since the control room filters are capable of
accommodating the potential design-basis LOCA fission product iodine loadings,
more than adequate design margin is available with respect to postulated SGTR
accident releases. lnsert G I, Low-Population Zone
15.6.3. Doses to Receptor at the Exclusion Area Boundary Outer Boundary, and

in the Control Room

1-pq ptq t ;X h t he , raryt mo-F: brAnp~~~ 1 nI, nc o,,1u--- cr - cf- -

con.equences of a postulated SGTR, along -with the changes mentioned in S6ecti
15.6.3.3.1, the offsite (Exclusion Area Boundary and Low Population Zone) doses
toQ the thyroid and whol Gboy have beaen c-alcgulatedr using the RADT-RAD 3.03
Qcomputer code (Reference 84-. T-he results of thea dos clultin areLa
pre-sented. in Ta;ble 15.6-5. Ascnb enfo hstble the calcuated

consequences of a postulated stea• .generatr tube failureacident
do not e.xceed: (1) the exposure guidelines as. st forth in 10 CFR • Prt 100,
Section 11 for the accident ith an assumed pre-accident iodine spike, and (2)
a small fraction Ii.e. -0%) of these exigosure - uidelines. for the accident

,4 •.
- . __ - I

accident initiated iodine spike.

15.6.3.4 Conclusions

A steam generator tube rupture will cause no subsequent damage to the RCS or
the reactor core. An orderly recovery from the accident can be completed, even
assuming simultaneously loss of offsite power.
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Insert G

The radiological consequences resulting from the occurrence of a postulated steam generator tube

rupture have been conservatively analyzed, using assumptions and models described in previous

sections.

The TEDE doses have been analyzed for the 0-2 hour dose at the exclusion area boundary, for the

duration of the accident (0 to 12 hours) at the low-population zone outer boundary, and for 30 days in

the control room. The results are listed in Table 15.6-5. The resultant offsite doses are within the

guideline values of 10 CFR 50.67 for the case with an assumed pre-accident iodine spike and are within a

small fraction of the guideline values (i.e., 10%) of 10 CFR 50.67 for the case with an accident-initiated

iodine spike. The resultant control room doses are within the guideline value of 10 CFR 50.67.
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15.6.4 SPECTRUM OF BWR STEAM SYSTEM PIPING FAILURES OUTSIDE OF
CONTAINMENT

This section is not applicable to WCGS.

15.6.5 LOSS-OF-COOLANT ACCIDENTS RESULTING FROM A SPECTRUM OF
POSTULATED PIPING BREAKS WITHIN THE REACTOR COOLANT
PRESSURE BOUNDARY

15.6.5.1 Identification of Causes and Frequency Classification

A loss-of-coolant accident (LOCA) is the result of a pipe rupture of the
reactor coolant system (RCS) pressure boundary. For the analysis reported
here, a small break is defined as a rupture of the RCS piping with a cross-
sectional area less than 1.0ft 2 , in which the normally operating charging
system flow is not sufficient to sustain pressurizer level and pressure. A
small break LOCA is classified as an ANS Condition III event (an infrequent
fault), as defined in Section 15.0. A major break (large break) is defined as
a rupture with a total cross-sectional area equal to or greater than 1.0ft 2 .
This event is considered an ANS Condition IV event, a limiting fault, in that
it is not expected to occur during the life of a plant but is postulated as a
conservative design basis.

The Acceptance Criteria for the LOCA are described in 10 CFR 50.46 as follows:

A. The calculated peak fuel element clad temperature shall not exceed the
requirement of 2200°F.
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15.6.5.4 Radiological Consequences

15.6.5.4.1 Method of Analysis

The analysis of the radiological consequences of a postulated LOCA uses the
recommended dose conversion factors (DCFs) as follows:

Icommitted effective dose eauivalent I
(1) The analysis uses thkyr-4i4 dose conversion factors (DCFs) for inhalation of
radionuclides based on the data provided in Table 2.1 of Federal Guidance
Report 11, "Limiting Values of Radionuclide Intake and Air Concentration and
Dose Conversion Factors for Inhalation, Submersion, and Ingestion". Thirs is- a
departure from the more eonservative DCF values listed in ReAulator',' Cuidc

dose

I....... 1.109, which were used in the previous analysis of record, (2) The effective

dose conversion factors, provided in Table III.1 of Federal Guidance Report 12,
"External Exposure to Radionuclides in Air, Water, and Soil", are used to
calculat we4-e--e 19el doses. T.hisJ oite fq thc4 proevious analysi:s o-f-

external used the mecve listed in Regulatory Guide
1.109, and gsing this DCFs results in lower does then would bI obtained usingexposure the DCs previously presented in the LOCA analysis of record.

15.6.5.4.1.1 Containment Leakage Contribution

PHYSICAL MODEL - Following a postulated double-ended rupture of a reactor
coolant pipe with subsequent blowdown, the ECCS limits the clad temperature to
well below the melting point and ensures that the reactor core remains intact
and in a coolable geometry, minimizing the release of fission products to the
containment. However, to demonstrate that the operation of a nuclear power
plant does not represent any undue radiological hazard to the general public, a
hypothetical accident involving a significant release of fission products to
the containment is evaluated. in phases

It is assumed that 100 per=ent of the noble gases and 50 percent of the
equilibrium core saturation fission product inventory is ie•.eite4y released
to the containment atmosphere. Of th i r d to the eo....nmc.., 50
p.r...nt is as..um.d to plateout nto the .intrnpal surfaoooes of t1 c me r
adhere te internal components. The remaining iodino and the noble gas activity
a-r-e assumed to be immediately available for leakage from the containment.

Once the gaseeus fission product activity is released to the containment
atmosphere, it is subject to various mechanisms of removal which operate
simultaneously to reduce the amount of activity in the containment. The
removal mechanisms include radioactive decay, containment sprays, and
containment leakage. For the noble gas fission products, the onlý removal
processes considered in the containment are radioactive decay and containment
leakage.

a. Radioactive Decay - Credit for radioactive decay for
fission product concentrations located within the
containment is assumed throughout the course of the
accident. Once the activity is released to the
environment, no credit for radioactive decay or S
deposition is taken. I

releasea from the
core during each of
the release phases is

edimentation,

b. Containment Sprays - The containment spray system is
designed to absorb airborne iodine fission products
within the containment atmosphere. To enhance the
iodine-removal capability of the containment sprays,
sodium hydrox' e is added to the spray solution. The
spray effectiveness for the removal of iodine is
dependent o the iodine chemical form.

and etenion
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d. Sedimentation - Credit is taken for sedimentation of
particulates in the regions of containment not LF CREEK
impacted by sprays and in the sprayed region of
containment when sprays are not on.

I

c. Containment Leakage - The containment leaks at a rate of
0.2 volume percent/day as incorporated as a Technical
Specification requirement at peak calculated internal
containment pressure for the first 24 hours and at 50
percent of this leak rate for the remaining duration of
the accident. The containment leakage is assumed to be
directly to the environment.

ASSUMPTIONS AND CONDITIONS - The major assumptions and parameters assumed in
the analysis are • in Tables 15A-1 and 15.6-6.

1.138
In the evaluation a LOCA, all the fission product release assumptions of
Regulatory Guide -have been followed. The following specific assumptions
were used in the analysis. Table 15.6-7 provides a comparison of the analysis
to requirements Of Reulatry 93d 1

a. The reactor core equilibrium noble gas and iodine
inventories are based on long-term operation at the
ultimate core power level of 3,565 MWt[plus, 2% uncertainty.

_- I _- - __ _-1i.
noble gas inventory is immediately available for leakage
from the containment.

0.- Twenty-five percent: Qof the core equilihbium radioctiv

The nuclide
groups and their
release
fractions are
presented in
Table 15.6-6.

from the ont n 4.85 of iodine and particulates
c O- Of the iodine f product in entory released to the

RC containment, -9-1ercent is in e form of elemental

iodine, 4 ercent is in the f rm of particulate iodine,
•4 per(ýnt is in the for of or anic iodine.

"9L• • 2 minutes after event initiation
4R_ Credit for .44-ng removal 5tne contalnmenL spray sys5em

is taken, starting at time zero and continuing until a
decontamination factor of 1-0-G for the elemental a-n- TI1
particulate species has 4 n achieved.

e-f- The following -ip rerhr constants for the con- re
tainment spray system are assumed in the analysis: fo

qe credit for the
irticulate species
moval is continued
r the duration of

Elemental iodine 10.0 hr- 1  sprays but is reduceu
Organic iodine 0.0 hr- 1  by a factor of 10 after
Particulate~44-i• 5.0 Q-45 hr-1 Dorior to DF of 50 a decontamination

The following parameters were ed in the two-region factor of 50 is
spray model: lachieved.

Fraction of containment sprayed - 0.85
Fraction of containment unsprayed - 0.15
Mixing rate (cfm) between sprayed and unsprayed 0. hr-1 after DF of 50
regions - 8504 F69,4001

ITime (min) to achieve full fan cooler flow - 2
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g. The removal constant in containment for
sedimentation of particulates assumed in the
analysis is 0.1 hr -1. WOLF CREEK

Section 6.5 contains a de iled analysis of the sprayed
%and unsprayed volumes andýincludes an explanation of the

ixing rate between the sprayed and unsprayed regions.

h. The containment is assumed to leak at 0.2 volume
percent/day during the first 24 hours immediately
following the accident and 0.1 volume percent/day
thereafter.

i. The containment leakage is assumed to be direct
unfiltered to the environment.

4--Theg EsF- filters are 90 percent efficient in the removal
of all species of iodine.

MATHEMATICAL MODELS USED IN THE ANALYSIS - Mathematical models used in the
analysis are described in the following sections:

a. The mathematical models used to analyze the activity
released during the course of the accident are described
in Section 15A.2.

b. The atmospheric dispersion factors used in the analysis
were calculated, based on the onsite meteorological
measurements program described in Section 2.3 and are
provided in Table 15A-2.

c. The thyr. .. ation total-body immersion doses to a
receptor exposed at the exclusion area boundary and the
outer boundary of the low population zone were analyzed,
using the models described in Sections 15A.2.4 and
15A.2.5, respectively.

d. Buildup of activity in the control room and the
integrated doses to the control room personnel are
analyzed, based on models described in Section 15A.3.

IDENTIFICATION OF LEAKAGE PATHWAYS AND RESULTANT LEAKAGE ACTIVITY - For
evaluating the radiological consequences of a postulated LOCA, the resultant
activity released to the containment atmosphere is assumed to leak directly to
the environment.

No credit is taken for groe d deposition or radioactive decay during transit to
the exclusion area boundar ,4L- LPZ outer boundary<J, or control room
15.6.5.4.1.2 Radioactive Releases Due to Leakage from ECCS and

Containment Spray Recirculation Lines
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Subsequent to the injection phase of ESF system operation, the water in the
containment recirculation sumps is recirculated by the residual heat removal,
centrifugal charging and safety injection pumps, and the containment spray
pumps. Due to the operation of the ECCS and the containment spray system, most
of the radioiodine released from the core would be contained in the containment
sump. It is conservatively assumed that a leakage rate of 2 gpm from the ECCS
and containment spray recirculation lines exists for the duration of the LOCA.
This leakage would occur inside the containment as well as inside the auxiliary
building. For this analysis, all the leakage is assumed to occur inside the
auxiliary building. Only trace quantities of radioiodine are expected to be
airborne within the auxiliary building due to the temperature and pH level of
the recirculated water. However, 10 percent of the radioiodine in the leaked
water is assumed to become airborne. This airborne iodine is assumed to be
released immediately to the environment from the unit vent, via the safety
grade filters associated with the auxiliary building emergency exhaust system.
No credit is taken for holdup or mixing in the auxiliary building; however,
mixing and holdup in the containment sumps are included in the determination of
radioactive material releases and radioiodine removal through radioactive decay
for this leakage pathway.

Radiological Consequences of ECCS/CS Recirculation Line Leakage - The
assumptions used to calculate the amount of radioiodine released to the
environment are given in Table 15.6-6. The dose models are presented in
Section 15.A. The offsite doses at the site boundary and LPZ and the doses to
control room personnel from this pathway are given in Table 15.6-8.

15.6.5.4.1.3 Radioactive Releases Due to Operation of
Containment Mini-Purge System

The containment mini-purge is designed to reduce the containment noble gas
concentration. The containment mini-purge system will be operated during power
operation if access to the containment is desired. The containment mini-purge
isolation valves are automatically closed upon a containment purge isolation
signal should a LOCA occur during containment purging when the reactor is at
power. The radioactive release via containment mini-purge will exist until the
containment isolation signal is received and the valves can be closed. Exhaust
from the containment is processed through the containment purge exhaust system
filter absorber train prior to discharge through the unit ve

The maximum time for the purge valve closure is limited to oi seconds to
assure that the purge valves would be closed before the onset of fuel failures
following a LOCA. Therefore, the source terms used in the radiological
consequences calculation is based on the fission product activity in th 10
primary coolant with consideration of pre-existing iodine spike.
containment mini-pure system is assumed to be isolated within . econds
following the initiation of the accident. The release rate from the
containment mini-purge system is assumed at 4680 cfm.f 90%
f the removal of all species of iodine s umed- CQ i-e-d or 4-ine removal
by the containment spray system is n( in the analysi for activity
release via containment mini-purge system. and articuIaten cred it

From the safety analysis perspective, it is acceptable to i .s either th
sh.utdo.wn purge or mini-purge during refueling operations. This co-nclusio-n is
based on an assumption used in the fuel handling accident (FHA) involving the

radoativ mteralrelefrate. To comply' With Reg. Guide 1.25, all Of thek-
gap activity in the damaged- rodsP is assu-med. as a r-esulýt of a FHUA, toA be;
r~e1leaseQd. and ecagQpe to the environpment overQI a two-ho~ur ti me period.l TU&-

analysis does not assume pathway, only that all the _r-adioactivity is repleaseQd
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from. conti nm.n within a t hur. . period isme fahio Thus the= o9perati•. n
ofE a partic!r=Ular purg.e SyS m4•4 Mini or .ht nis nt o importance in the

n.als-si-s This .assumption trnl.. i nto a very large air exhau. r=ate.
The-rofoýro, th#ifrnc ewe he l:arge volume otimn sudw ug
(20,n00 cfm) and mini-purge (4,000 cfm) w.uldI have ne impact en the alculat
dosRe coensequences.

15.6.5.4.1.4 Radioactive Releases Due to Leakage from the
Containment Sump to the RWST

The leakage pathway is from the containment recirculation sump through ECCS
boundary valves back to the RWST, which is vented to the atmosphere. It is
assumed that the activity released to the holdup system (in this case, the
containment recirculation sump) instantaneously diffuses to uniformly occupy
the sump volume. Removal mechanisms from the sump include decay and release
(i.e., leakage) to the RWST.

It is assumed that 10% of the radioiodine leaked to the RWST becomes airborne,
mixes with the RWST air volume, and is released to the environment. Credit is
taken for radioactive decay in the RWST. The leakage rate from containment
sump to t is assumed at 3.8 gpm for the duration of the accident. •The

liquid - T air volume is assumed to be 40-,-00 mallons. Other assumptions usedto
liqid calculate the a4unt of radioiodine releaI~d to the environment are the sai as

in the calculati n for ECCS recirculation akage inside the auxiliary
building. The release

when leakage stasrts F54,u from the

15.6.5.4.2 Identification of Uncertainties and Conservatisms in RWSTis
the Analysis assumed to

match the
The uncertainties and conservatisms in the assumptions used to evaluate t

radiological consequences of a LOCA result principally from assumptions mvolumetric
involving the amount of the gaseous fission products available for releasflow into
the environment and the meteorology present at the site during the course RWST
the accident. The most significant of these assumptions are: liquid(i.e.,

a. The ECCS is designed to prevent fuel cladding damage that 3.8 gpm).
would allow the release of the fission products contained
in the fuel to the reactor coolant. Severe degradation
of the ECCS (i.e., to the unlikely extent of simultaneous
failure of redundant components) would be necessary in
order for the release of fission products to occur of the
magnitude assumed in the analysis.

9- The release of fission products to the containment is
assumed t#o occ..ur instantaneously.

e --, It is assumed that 59 per-een of the iodines released to
the containment atmosphere i lated-out onto the
internal surfaces of the cont ainment or adheres to
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recnized

internal components; however, it is Rmt4 rhat the
removal of airborne iodines by various physical phenomena
such as adsorption, adherence, and settling could reduce
the resultant doses by a factor of 3 to 10 (Ref---24+.

P - The activity released to the containment atmosphere is
assumed to leak to the environment at the containment
leakage rate of 0.2-volume percent/day for the first 24
hours and 0.1-volume percent/day thereafter. The initial
containment leakage rate is based on the peak calculated
internal containment pressure anticipated after a LOCA.
The pressure within the containment actually decreases
with time. Taking into account that the containment leak
rate is a function of pressure, the resultant doses could
be reduced by a factor of 5 to 10 (Ref.- .

4- The meteorological conditions assumed to be present at
the site during the course of the accident are based on
X/Q values, which are cpectcd te bo ccccdcd 5 perccnt
of the time. This condition results in the poorest
values of atmospheric dispersion calculated for the
exclusion area boundary and the LPZ outer boundary.
Furthermore, no credit has been taken for the transit
time required for activity to travel from the point of
release to the exclusion area boundary and LPZ outer
boundary. Hence, the radiological consequences evaluated
under these conditions are conservative.

the larger of the
5 percent overall
site values and
the 0.5 percent
maximum sector
values.

15.6.5.4.3 Conclusions

15.6.5.4.3.1 Filter Loadings

No recirculating or single-pass filters are used for fission product cleanup
and control within the containment following a postulated LOCA. The only ESF
filtration systems expected to be operating under post-LOCA conditions are the
control room HVAC system and the auxiliary building emergency exhaust
filtration system.

Activity loadings on the control room charcoal adsorbers are based on the
flowrate through the adsorber, the concentration of activity at the adsorber
inlet, and the adsorber efficiency. Based on the radioactive iodine release
assumptions previously described, the assumption that 25 percent• o..f the core
inventory of isotopes 1-127 and 1-129 is available for release from the
containment atmosphere and the assumption that the charcoal adsorber is I-04-9
percent efficient, the calculated filter loading• 1 . . .

/[dose to control room operators from Iis 0.0489 remTDE

for iodine and
particulates
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15.6.5.4.3.2 Doses to a Receptor at the Exclusion Area Boundary
and Low Population Zone Outer Boundary

The potential radiological consequences resulting from the occurrence of the
postulated LOCA have been conservatively analyzed, using assumptions and models
describa in ULE us sections.

The t-o ... duee to iand the thyroid dose due to inhalation
have been analyzed for the =-2 hour dose at the exclusion area boundary and for
the duration of the accidet at the LPZ outer boundary. The results are listed
in Table 15.6-4. The resultant doses are within the guideline values of 10 CFR

F 6 1Flim itingi

15.6.5.4.3.3 Doses to Control Room Personnel

Radiation doses to control room personnel following a postulated LOCA are based
on the ventilation, cavity dilution, and dose model discussed in Section 15A.3.ITEDE dose I,,
Control room personnel are subject to a t.ta....detimro and A
thyroid dose dueC toinalain The~p -. QR--4o--es-4tb een analyzed, and arse
provided in Table 15.6-8. The resultants_, -aZQ ithin the limit-&
established by S-Th dos ha

15.6.6 A NUMBER F BWR TRANSIENTS "IS

This section is not applicable to WCGS.

15.6.7 REFERENCES 10 CFR 50.67

1. Deleted

2. U.S. Nuclear Regulatory Commission 1975, "Reactor Safety Study - An
Assessment of Accident Risks in U.S. Commercial Nuclear Power Plants,"
WASH-1400, NUREG-75/014.

3. Bordelon, F. M.; Massie, H. W.; and Zordan, T. A., "Westinghouse ECCS
Evaluation Model - Summary," WCAP-8339, July 1974.

4. Bordelon, F. M. et al., "SATAN-VI Program: Comprehensive Space-Time
Dependent Analysis of Loss-of-Coolant," WCAP-8302 (Proprietary) and WCAP-
8306 (Non-Proprietary), June 1974.

5. Kelly, R. D. et al., "Calculation Model for Core Reflooding After a Loss-
of-Coolant Accident (WREFLOOD Code)," WCAP-8170 (Proprietary) and WCAP-8171
(Non-Proprietary), June 1974.

6. Young, M. Y. et al., "The 1981 Version of the Westinghouse ECCS Evaluation
Model Using the BASH Code," WCAP-10266-P-A Rev. 2 (Proprietary), March
1987.
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with assumed iodine spike that
increases the rate of iodine release
into the reactor coolant by a factor of
500. This increased rate is assumed
for 8 hours.

WOLF CREEK

TABLE 15.6-2

I. Source

APARAMETERS USED IN EVALUATING
HE RADIOLOGICAL CONSEQUENCE OF

THE CVCS LET N LINE RUPTURE OUTSIDE OF CONTAINMENT

Daa 3637 (includes uncertain
ore power level, MWt g 56

eactor coolant iodine Dose equivalent of
ctivity 1.0 pCi/gm of 1-131

ty)
a. Cc

b. RE

ac

c. Reactor coolant noble gas

Id. Insert F ) activity

II. Atmospheric Dispersion Factors

III. Activity Release
a. Break flow rate, gpm and alkali metal
b. Duration, secs
c. Fraction of iodine c;Ctivity

in the spill that is
airborne

4-i Activity r#leased to the

Paced Dose

Table 11!. 1-5. equivalent of
500 microCi/grr

See Table 15A-2. of Xe-133

41841
1810

T-1324

iviv5

Pe-1322

Xe 13 5m
Xc- 132

[4r-- R 2m

K-r--2-5

Am0 2 hr (C-i4

8.47E-0!

1.7 3E+02

2.7R E+02
!.17E+0{
!.92E+0!

4.89E+02

2.52E+01
2.59E+0!
1.115+02
4.765+02
6.65E±01
2.055+02
1-.58
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Reactor coolant initial alkali metal activity Based on 1-percent failed fuel as provided in
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TABLE 15.6-3

RADIOLOGICAL CONSEQUENCES OF A
CVCS LETDOWN LINE BREAK OUTSIDE

OF CONTAINMENT

Exclusion Area Boundary
(0-2 hr)

Whole body

Doses (remrA

4 42P-2 2

Low Population Zone Outer Boundary
(duration)

Th1 yroid,
Whole 1994y

5.22c-2 ~7~2
5.91c3 '1

IControl Room (30 days) I 18.3E-1 ]
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Table 15.6-4

PARAMETERS USED IN EVALUATING THE RADIOLOGICAL CONSEQUENCES
OF A STEAM GENERATOR TUBE RUPTURE WITH FORCED OVERFILL

I. Source Data

(1)

a. Core power level, MWt 3634-64

(2)
b. Steam generator tube leakage, gpm 1

c. Reactor coolant iodine activity:

1. Case 1

lRequlatorv Gui

2. Case 2

ec
5(

Id. Insert F •--- of

d- Reactor coolant noble
gas activity

Pre-accident iodine spike per
Standard Review Plan 15.6.3. A
pre-accident reactor transient

dhas occurred which raised the
d18primary coolant 1-131d

equivalent concentration to the
maximum value permitted by
Technical Specifications (60
jiCi/gm).

A dent initiated iodine spike
pe Standard Review Plan

ose
iuivalent of
)0 microCi/gm
Xe-133

15- 63. An iodine spike occurs
concurrently with reactor trip
where the release rate from the
fuel rods increases to a value
335 time greater than the
release rate corresponding to
the 1-131 *Ljuivalent
concentration at t--Edos
equilibrium value (1 pCi/gm)
stated in the Technical
Specifications.

Based on 1% failed fuel as
Fpr GV dd in1_JP U S-AR TableCa 11.-1 -5.

Dose equivalent of 0.1 pCi/gm

of 1-131

4.964E+5 F3.99E+5 1

g.4+ 7065,000

Lost at reactor trip

Ig. Inse
Secondary system
initialctivit-

ýIiodine F
Reactor coolant mass, lbs

Steam generator mass (each), lbs
1. W q Rutured
2. Steam

Offsite power
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Table 15.6-4 (Sheet 2)

4- Primary-to-secondary
leakage duration

II. Atmospheric Dispersion Factor

Break flow continues....... throughout
the transient, dlue to primary-

secondary pressure
inequalities, although most of
the flow is terminated beyond
the end of the second
depressurization at
approGximatel" 6200 seco~ndsq

The atmospheric dispersion
factors used are the same as
those listed in USAR Table
15A-2.

III. Activity Release Data

a. Ruptured steam generator

1. Reactor coolant discharged
to steam generator, lbs

F307,665]

2. Flashed reactor coolantF~s Dniscu1-ssion below 2,1

The frcio f the prmr-oscnayleakage that: flashe
toQ s-team Is dePfinedG as, X(t), Where

X(t) - h~~Lt-)--~ b~Lt4-

-and- bLt saturated vapor specific cnthalpy
cor-respondling to the faul]ted. steam.
generator- wate temperature,

saturated liquid specific enthalpy
corresponding to the faulted steam
generator water- temperature-1=.

Tht i's the
defin-ed. as;

---- -C 2 - -- 4- ý I -
ZIV . iLel.)" d M4U IMkiU k=iiLII= .A X iik tll06 U =6

4r = t ) *14 4-T (W 1 4) ]h " (W I•-
r4, -, 4 (t) 44- GQL -

hih•4-h- specific enthalpy of the fluid from the hot

hbft4-- soecific enthal!'v of the fluid from the cold
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Table 15.6-4 (sheet 3)

L•t-- leakage flo. from the hot lg to the

land alkali metal ---
steam

3. Iodlne partition factor
for flashed fraction of
reactor coolant

3e flow from the cold leg to faulted
generator.

1.0

10 - break flow termination
4. Steam release to

atmosphere, lbs

break flow termination -
0-2 hours
2 hour-RHR out-in

14-40ý4O4

3-24,49444#

365,4205]25 3

hinl UUt-,,,UUIUII I - on-ditions Iodine
5. 4_.o4 4 arryover factorW 0.01

for the non-flashed
fraction of reactor

coolant that mixes
with the initial

jAlkali Metal iodine activity in

the steam generator

b. Intact steam generators

1. Primary-to-secondary
leakage, ibs

2. Flashed reactor coolant,
percent

F(2)

0

43-. Feedwater flow rate, lbs
0-2 hours
2 hours-RHR cut-in

conditions

4-_ Steam release to atmosphere,
lbs
o-fbreak flow termination ]

[break flow termination _-RHR cut-in
conditions

1,020,231
28, ,800

309,069 91
299 12 ,645,9301

5. Alkali Metal 4-1
carryover factor S Iodine carryover factor

Transient end time

0.01 • .02
The WCNOC analysis to force
SGTR steam generator

overfilling was carried out
until RHR cut-in conditions
woXre ciee at; 28,800

conQds.
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Table 15.6-4 (sheet 4)

C.

jCondensor
Steam release from the
tu~rbine-drziven AFW pump

1. Steam release to atmosphere, lbs
2. Iodine and alkali metal partition factor

19,334

I F 750,750-

IV Dose Conversion Factors

Nuclide See Table

15A-4
T-1-32

Xe-133m

T-1 34
T-1!35
Kr-832 M
Kr-8,95m
Kr-825
Kr-827
Kr-882
Kr-829
xe-1 31 M
xe-1 33m
xe-1 33
XP-1325m
Xe=-135

xe-1327
Xe-1322

Whole Body"
-- P.3 , _

46271E-024.!4E-Ol
1.09K-0l
4.81E-Cl

2.95E-0"
5.55R-06
2.77E-02

4.40E-04
I. 52OE-P
3.77K-0l

3.R3E-"!
I.44E--03

5.07E-03
5.7 7E-03
7.55E-CO

4.4E-02-
3.03E-C2
2.13K-Cl

Thyroid

6.4 4E+03
1.80CE+05
l.C7E+C3
3.13K+C4
NA
NA
NA

NA
NA

NA
NA
NA
NANA

NA
NA
NA
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until the RHR
cut-in
conditions
were
achieved at
12 hours
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Table 15.6-4 (sheet 5)

Notes: preleases

1. This value is 102% of the guaranteed core thermal powelpoutput. This
power level was chosen to maximize steam generator 011i-l, and thus the
radiological consequences resulting from the overfill were calculated
from the results of this model.

2. A constant 1 gpm primary-to-secondary leakage with an assumed density of
62.4 lbm/ft 3 , is assumed to occur to the unaffected steam generators 7 --•-r
the duration of the evnt.ct

a-. •Steam generator overfill. I Was forced by delaying thy terminatin of safety
injection to provide enough liquid in the faulted steam generator steam
l. to force sfty valve opening and liquid relie... The ext.end.ed. ST

flow time caused the primary pressure to remain high, thus the
plimary/secondary pressure remained unequal and a-lowed to -break flow to

continue for an extended period of time.

4-. The SGTR with Forced Overfill analysis assumed that at liquid relief
through the faulted steam generator steam line safety valve, the valve

Would- -fail open with an aMfctive -low- area of 5%, with consequent

continued secondary blowdown until RHR cut-in conditions wore reached.
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TABLE 15.6-5

RADIOLOGICAL CONSEQUENCES OF A
STEAM GENERATOR TUBE RUPTURE

Case 1 Dose (rem TE[

Exclusion Area Boundary (0-2 hr) F1.1E+01

T h y ro i GI51:7 69
Whole body 0-.26

Low Population Zone (duration) [3.5E-1I

Thyroid 7-9
Whole-.; bcd.,". d24

Control Room (30 days) 1.lE+01
Case >

Exclusion Area Boundary (0-2 hr) F8.6E_- 1

Thyroid 22.797
Whole body .0.-132ý

Low Population Zone (duration) F2.9E_1 J

Thyroid 4 825
Whole body 0.0 02 5

[Control Room (30 days) IRe 1.1831 14a5

Case 1 - Pre-accident iodine spike per SRP 15.6.3

Case 2 - Concurrent iodine spike per SRP 15.6.3
HRG 1.1831
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TABLE 15.6-6

PARAMETERS USED IN EVALUATING
THE RADIOLOGICAL CONSEQUENCES OF A

LOSS-OF-COOLANT-ACCIDENT

I. Source Data

a. Core power level, MWt
b. Burnup, full power days per cycle
c. Percent of core activity initially

airborne in the containment

d. Percent of core activity
in containment sump @ 0.47 hours

1. Noble gases and Particulates
2. Iodine

13637 (inlcudes uncertainty)
3,565

4-511

same release
./fraction and timin(

0 Vzas Item c.2 above

e. Core inventories
f. Iodine distribution, percent

h. Insert 0 1. Elemental
2. Organic
3. Particulate

Eg. Minimum sump pH
II. Atmospneric Dispersion F'actors

Containment
Leakage Release

Table 15A-3

-9-4

i~ui
See Table

III. Activity Release Data

a. Containment leak rate, volume
percent/day

1. 0-24 hours
2. 1-30 days

0.20
0.10

b. Percent of containment leakage
that is unfiltered

c. Credit for containment sprays

1. Spray J44-14e removal constants
(per hour)

100

a.
b.
c.

Elemental iodine
Organic
ParticulateW

10.0
0.0

5.0 hr 1 prior to DF limit
0.5 hr-1 thereafter

Rev. 23 1



Insert H

c. Release fraction and timing of core activity in the containment

1.

2.

3.

4.

5.

6.

7.

8.

Noble gas

Iodine

Alkali metal

Tellurium

Barium and strontium

Noble metal

Cerium

Lanthanide

Gap Release Phase Fraction
(30 sec- 0.5 hr)

0.05

0.05

0.05

0.00

0.00

0.00

0.00

0.00

Early In-vessel Phase Fraction
(0.5 hr - 1.8 hr)

0.95

0.35

0.25

0.05

0.02

0.0025

0.0005

0.0002



Insert 0

Reactor Coolant Activity (mini-purge only)

1. Iodine

2. Noble gas

3. Alkali metal

Dose equivalent of 1.0 pCi/gm

of 1-131

Dose equivalent of 500 pCi/gm

of Xe-133

Based on 1-percent failed fuel

as provided in Table 11.1-5
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TABLE 15.6-6 (Sheet 2)

2. MaXimuAm. Iinecontamination
factors for the containment
atmosphere

a.
b.
C.

Elemental iOdine
Organic
Part icul1ateR

3. Sprayed volume, percent

0

I"I

85
15

8o4 069,400
2.-5E+6

Ilnsert I I " un
5. Sp:

ra
6. Coi

4• AGtivity

sprayed volume, percent
rayed-unsprayed mixing
te, CFM
ntainment volume, ft 3

released to containment

1-131=-I 3ý

1-133
1-1&34

T-1-35
Xe-!3!m
Xe-133M
Xe-235
Xe-135m

Xeg-137
xe-1387

Kr-B 3m

Kr-85m

Kr-872
Kr-RB

2.3 7E+7

3.4 3E+7
4.8 E+7
5.38E+7
4.5 BE+7
1.0!1E+6
6.0 6E+6
1.95E+8
3.77E+7
4.70OE+7
1.71E+8
1.645±8
1.24E+7

2.67z+7
1.025+6
5.165+7

8.94E+7

e. ECCS recirculation leakage I a rbl.• ........ _. to auxiliary building
1. Leak rate -4-7 hours-30

day), gpm

2. Leak rate to RWST (0 hours-30 day),
gpm

2.0

3.8(10 )
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d. Credit for Sedimentation of Particulates 0.1 hr-1 until DF of 1000 is reached
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TABLE 15.6-6 (Sheet 3)

TodiE; inventory in Sump
@ 0.:7 hour, ,Ur•ies

T-1321
T-13ý2
1-1 33
T-1324
T-1 35

4.7 2E+7
5.9 4E+7
9.6E F+7
7.4!lE+7
8.7!lE+7

3.
4.
5.

Sump volume, gal.
Fraction iodine airborne
ESF filter efficiency, %

460,000
0.1
9° 0 354,00 IOO

and 15A-2IV. Contr7 room parameters

6. RWST Initial Gas
Volume, gal

Tables 15A-1

Note:
1. The release from the RWST is assumed to match the ECCS leak
rate, i.e., the volumetric flow into and out of the tank are equal.
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TABLE 15.6-7 PDete

DESIGN COMPARISON TO THE REGULATORY POSITIONS
OF REGULATORY GUIDE 1.4 "ASSUMPTIONS USED FOR

EVALUATING THE POTENTIAL RADIOLOGICAL CONSEQUENCES
OF A LOSS OF COOLANT ACCIDENT FOR PRESSURIZED WATER RE TORS,"

REVISION 2, JUNE 1974

Requla ory Guide 1.4 Position De cin

1. The a umptions related to the
release of r ioactive material from~the fuel and dntainment are as /

~~follows : ./
a. Twenty- fve percent of the a. Complies.~~equilibrium radioa ive iodine in- /

ventory developed fr m maximum full
power operation of ths core should be
be assumed to be immedi tely avail-ent~~able for leakage from th kprimary /

~~reactor containment. Nine -one /
percent of this 25 percent to be
asmdto be in the form of lemental
iodine, 5 percent of this 25 p cent
in the form of particulate iodin
and 4 percent of this 25 percent
the form of organic iodides.

b. One hundred percent of e i- lb. Complies.
librium radioactive noble gas in n-
tory developed from maximum ful
power operation of the core s uld
be assumed to be immediately avail-
able for leakage from the ractor
containment.

C. The effects of radiological 1c. Complies. Credit
decay during holdup in he contain- for radioactive
ment or other buildi s should be decay is taken
taken into account. til the activity

i assumed to be

d. The re ction in the amount id. Complies. See Table
of radioactive material available for 15.6-6 or reduction
leakage to t environment by con- tkn
tainment sp ays, recirculating filter
systems, other engineered safety
features ay be taken into account,
but the amount of reduction in con-
centr ion of radioactive materials
shou dbe evaluated on an individual
ca basis.

0
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TABLE 15.6-7 (Sheet 2)

Regulatory Guide 1.4 Position Design

e. The primary reactor contain- le. Comp es.
m t should be assumed to leak at the
le rate incorporated or to be incor-
pora ed as a technical specification
requi ment at peak accident pressure
for the first 24 hours, and at 50
percent this leak rate for the
remaining uration of the accident.
Peak accide pressure is the
maximum pres re defined in the
technical spec'ications for con-
tainment leak t ting.

2. Acceptable as mptions for atmo- 2a. Complies. Atmo-
spheric diffusion an dose conversion spheric dispersion
are: factors were cal-

a. The 0-8 hour ound level culated based on the
release concentrations m be reduced onsite meteorologi-
by a factor ranging from o e to a cal measurement pro-
maximum of three (see Figur 1) for grams described in
additional dispersion produc by the Section 2.3.
turbulent wake of the reactor uildin
in calculating potential exposu s.
The volumetric building wake corr
tion, as defined in section 3-3.5
of Meteorology and Atomic Energy9
should be used only in the 0-8 our
period; it is used with a sha factor
of 1/2 and the minimum cross sectional
area of the reactor buildin only.

b. No correction sh ld be made 2b. Same as 2a above.
for depletion of the eff ent plume of
radioactive iodine due o deposition
on the ground, or for he radiological
decay of iodine in t nsit.

C. For the fi st 8 hours, the 2c. Complies. See Table
breathing rate of ersons offsite 15A-1

should be assume to be 3.47 x 10-4
cubic meters pe second. From 8 to
24 hours foll ing the accident, the
breathing ra should be assumed to

be 1.75 x ~'cubic meters per second.
After tha until the end of the
accident the breathing rate should be

assume to be 1.75 x 10-4 cubic meters
per s cond. After that until the end
of t e accident, the rate should be

as med to be 2.32 x 10-4 cubic meters

V.1
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TABLE 15.6-7 (Sheet 3)

e ulatory Guide 1.4 Position Design

pe second. (These values were devel-
ap rom the average daily breathing

rate 2 x 107 cm3/day] assumed in the
report f ICRP, Committee 11-1959.)

d. The iodine dose conversion 2d. The dose conversion
factors a given in ICRP Publication factors provided in
2, Report Committee II, "Permis- Regul ory Guide
sible Dose r Internal Radiation," 1.10 are used.
1959. See able 15A-4.

e. Exter 1 whole body doses 2e The dose factors
should be calcul ted using "Infinite yven in Regulatory
Cloud" assumption i.e., the dimen- uide 1.109, for
sions of the cloud re assumed to be noble gases; for
large compared to th distance that iodine whole body
the gamma rays and be particles dose factors with
travel. "Such a cloud ould be con- 5cm body tissue
sidered an infinite clou for a re- attenuation; and for
ceptor at the center beca e any beta-skin dose
additional [gamma and] beta emitting factors with credit
material beyond the cloud di ensions for attenuation
would not alter the flux of [ mma in the dead skin
rays and] beta particles to the re- layer, are used.
ceptor" (Meteorology and Atomic See Table 15A-4.
Energy, Section 7.4.1.1-editorial
additions made so that gamm and
beta emitting material could be
considered) . under these condit ons
the rate of energy absorption r
unit volume is equal to the r e of
energy released per unit vol e.
For an infinite uniform dlo dcon-
taining curies of beta r dioactivity
per cubic meter the beta ose in air
at the cloud center is:

The surface body do rate from beta
emitters in the in mnite cloud can be
approximated as b ing one-half this

amount (i.e., 00= 0 .23 EPX)

For gamma e tting material the dose
rate in ai at the cloud center is:

From a emi-infinite cloud, the gamma
dose rte in air is:

ev. 19
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TABLE 15.6-7 (Sheet 4)

Regulatory Guide 1.4 Position Design

Where

Dco= beta dose rate from an
infinite cloud (rad/sec)

co= gamma dose rate from an
infinite cloud (rad/sec)

Ep =verage beta energy per

d integration (Mev/dis)

F = aver e gamma energy per
disint ration (Mev/dis)

x = concent tion of beta or
gamma emi ting isotope in
the cloud urie/m3 )

f. The following sp ific 2f.l See response to 2e.
assumptions are acceptable with re-
spect to the radioactive clou dose
calculations:

(1) The dose at any dis
tance from the reactor should be
calculated based on the maximum con
centration in the plume at tha dis-
tance taking into account sp i fic
meteorological, topographic ,and

other characteristics whic may affect
the maximum plume concent ation.
These site relat~ed char teristics
must be evaluated on a individual
case basis. In the c se of beta
radiation, the rece or is assumed to
be exposed to an i mnite cloud at
the maximum groun level concentra-
tion at that dis ance from the reactor.
In the case of amma radiation, the
receptor is a sumed to be exposed to
only one-hal the cloud owing to the
presence of the ground. The maximum
cloud con ntration always should be
assumed obe at ground level.

(2) The appropriate average 2f.2 See response to 2
beta d gamma energies emitted per
disi egration, as given in the Table
of sotopes, Sixth Edition, by C. M.
Le erer, J. M. Hollander, I. Perlman;

Re 1
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TABLE 15.

Regulatory Guide 1.4 Position

niversity of California, Berkeley;
L wrence Radiation Laboratory;
sh ld be used.

g. The atmospheric diffusion
model hould be as follows:

(1) The basic equation for
atmosphe 'c diffusion from a ground
level poi source is:

X/Q = 1CYy

Where

x = the short te m average
centerline va e of the
ground level co centratior
(curie/meter

3 )
Q = amount of material re-

leased (curie/sec)
u = windspeed (meter/sec) /

6-7 (Sheet 5)

Design

2g.1 ort-term accident
atmo heric dispersionfac ors were calculated

b eed on onsite

meteorological data

measurement programs
described in Section
2.3. These factors
are for ground level
releases and are
based on Regulatory

I /Guide 1.145 method-

ology and represent
the worst of the
5 percent site
meteorology and the
0.5 percent worstTy = the horizontal standar,

deviation of the plum Y sector meteorology.
(meters) [See Figur V-l,
Page 48, Nuclear S ety,

June 1961, Voluee 2, Numbe
4, "Use of Rout e Meteororo-
logical Observ ions for
Estimating At ospheric Dis-
persion," F. ,. Gifford, Jr.]

z= the vertic standard devi-

ation of he plume (meters)
[See Fi re V-2, Page 48,
Nuclea Safety, June 1961,
Volu 2, Number 4, "Use of
Rou ne Meteorological Obser-
va ions for Estimating At-

spheric Dispersion,"
.A. Gifford, Jr.]

(2) For time periods of 2g.2 See esponse to 2g.l
greate than 8 hours the plume should above.
be as med to meander and spread
unif rmly over a 22.50 sector. The
re ltant equation is:

= = 2.032

V.1
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TABLE 15.6-7 (Sheet 6)

Regulatory Guide 1.4 Position Design

W ere

x = distance from point of re-
lease to the receptor; other
variables are as given in

The atmospheric dif- 2g.3 ee response to 2g.l
fusion mode for ground level re- above.
leases is bas d on the information
in the followi table.

Time
Following
Accident Atmosph ic Conditions

0-8 hours Pasquill e F, win -
speed 1 met r/sec, ni-
form directi

8-24 hours Pasquill Type wind-
speed 1 meter/ e vari-
able directio wi in a
22.50 secto

1-4 days (a) 40% asquill Typ D,
windspee 3 meter/sec
(b) 60. Pasquill Type
winds ed 2 meter/sec
(c) l id direction varn-
abl within a 22.50 sector

4-30 days ) 33.3% Pasquill Type C,
indspeed 3 meter/sec
(b) 33.3% Pasquill Type D,
windspeed 3 meter/sec
(c) 33.3% Pasquill Type F,
windspeed 2 meter/sec
(d) Wind direction 33.3%
frequency in a 22.50
sector

(4) Figures 2A and 2B give 2g.4 See respon e to 2g.1
e ground level release atmospheric above.
iffusion factors based on the para-

meters given in g(3).

Re . 0
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TABLE 15.6-8

Radiological Consequences of a
Loss-of-Coolant-Accident

I. Exclusion Area Boundary
(42 h r)I0.4-2.4 74-- r

Thy~roid

Whelp b:dý;4

II. Low Population Zone Outer
Boundary(0-30 day)

Total Reported
Doses (re m*

61.95E D

Regulatory
Limits (rem

-3 EDE [ýý

-24-ý

Th4yroid
WhclAcIbo19d- ' 545 4.6 44;4 F524

III. Control Room (0-30 day)

T-hyroGId
Whole bcd1 G'
Ectac-rkin

17.99

4.7
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15.7 RADIOACTIVE RELEASE FROM A SUBSYSTEM OR COMPONENT

This class of accident can be caused by any of the following events:

a. Radioactive gas waste system leak or failure - this is
an ANS Condition III event.

b. Radioactive liquid waste system leak or failure - this
is an ANS Condition III event.

c. Postulated radioactive release due to liquid tank
failures - this is an ANS Condition IV event.

d. Fuel handling accident - this is an ANS Condition IV
event.

e. Spent fuel cask drop accidents - this is an ANS
Condition III event.

All of the accidents in this section have been analyzed. It has been
determined that the most severe radiological consequences will result from the
fuel handling accident analyzed in Section 15.7.4.

15.7.1 RADIOACTIVE WASTE GAS DECAY TANK FAILURE

15.7.1.1 Identification of Causes

This accident is an infrequent fault. Its consequences are considered in this
section. The accident is defined as an unexpected and uncontrolled release of

, radia xenon' nd krypton fission product gases stored in a waste gas decay
lioine, kasaconsequence of a failure of a single gas tank or associated piping.

15.7.1.2 Sequence of Events and System Operations

During a refueling shutdown, the radioactive gases are stripped from the
primary coolant and are stored in the gas decay tanks. After the transfer has
been completed, the tank is assumed to fail. This releases all of the contents
of the tank to the radwaste building. Also, since the tanks are isolated from
each other, the only radioactivity released is from the failed tank. t
cAonservatism, thGc tnk -tis .. mt.air. 40 yeaEr, rz• anig th;e peak

..... ntavy ex... .... I- the tank.

For conservatism, the gas decay tank inventory for all radionuclides except Kr-85 is
assumed to be the maximum activity for each nuclide during the degassing operation.
Further, the Kr-85 activity inventory is assumed to be the total activity released to the
primary coolant during the fuel cycle.

15.7-1 Rev. 0
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15.7.1.3 Core and System Performance

This accident occurs when the reactor is in the shutdown condition. There is
no impact on the core or its system performance.

15.7.1.4 Barrier Performance

The only barrier between the released activity and the environment is the
radwaste building. During the course of this accident, the radwaste building
is assumed to remain intact. This means that the only method of release is
through the radwaste building ventilation system.

15.7.1.5 Radiological Consequences

15.7.1.5.1 Method of Analysis

15.7.1.5.1.1 Physical Model

Radioactive waste gas decay tanks are used in the design to permit the decay of
radioactive gases as a means of reducing or preventing the release of
radioactive materials to the atmosphere. To evaluate the radiological
consequences of the gaseous waste processing system, it is postulated that
there is an accidental release of the contents of one of the waste gas decay
tanks resulting from a rupture of the tank or from another cause, such as
operator error or valve malfunction. The gaseous waste processing system is so
designed that the tanks are isolated from each other during use, limiting the
quantity of gas released in the event of an accident by preventing the flow of
radioactive gas between the tanks.

The principal radioactive components of the waste gas decay tanks are the noble
gases krypton and xenon, the particulate daughters of some of the krypton and
xenon isotopes, and trace quantities of halogens. The maximum amount of waste
gases stored in any one tank occurs after a refueling shutdown, at which time
the waste gas decay tanks store the radioactive gases stripped from the reactor
coolant. land iodine / Fs
The maximum content of a gas decay nk which is conservatively as q.•ed for the
purpose of computing the noble gas knventory available for release iven in
Table 15.7-3. Rupture of the waste gas decay tank is assumed to occur
immediately upon completion of the waste gas transfer, releasing the entire
contents of the tank to the radwaste building. For the purposes of evaluating
the accident, it is assumed that all the activity is released directly to the
environment during the 2-hour period immediately following the accident.
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15.7.1.5.1.2 Assumptions and Conditions

The major assumptions and parameters assumed in the analysis are itemized in
Table 15.7-3.

In the evaluation of the waste gas decay tank rupture, the fission product
accumulation and release assumptions of Regulatory Guide 1.24 have been used.
Table 15.7-1 provides a comparison of the assumptions used in the analysis to
those of Regulatory Guide 1.24. The assumptions related to the release of
radioactive gases from the postulated rupture of a waste gas decay tank are:

a. The reactor has been operating at full core power with 1
percent defective fuel, and a shutdown to cold condition
has been conducted prior to the accident, and gaseous iodinel

b. All noble gas --- y-as been removed from the reactor
coolant system d transferred to the gas decay tank
that is assumed to ai -. .via the CVCS volume control tank

c. The maximum content of the waste gas decay tank was
conservatively assumed to calculate the isotopic
activities given in Table 15.7-3 for tho accumulatod

lnhutdolwn. The source term determination dees
into account degassing of the reactor coolant

system at shutdown.

d. The failure is assumed to occur immediately upon
completion of the waste gas transfer, releasing the
entire contents of the tank to the radwaste building. with no holdup

e. The dose is calculated as if the release were fr the
radwaste building at ground level during t -hour
period immediately following the accident. N&--redit
for radioactive de is taken. 7

uI
f. The rol building and control room ventilatio tems are Once the

onfigured in the normal power generation lineup at the- f activity iS
within the accident and remain in this configuration for the duration o released to
the a postulated tank failure event. That is, the control room the

ventilation isolation signal will not be actuated and
radwaste consequently, the control room emergency ventilation system is n environmen
building assumed to operate following the initiation of the accident. no credit fo,

15.7.1.5.1.3 Mathematical Models Used in the Analysis radioactive
decayis

The mathematical models used in the analysis are described in the followin taken.
sections:

It,
r

a. The mathematical models used to analyze the activity
released during the course of the accident are described
in Appendix 15A.

b. The atmospheric dispersion factors used in the analysis
were calculated based on the onsite meteorological
measurement programs described in Section 2.3.
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c. The and tetal-body Gsi doses to
a receptor at the exclusion area boundar ,; outer
boundary of the low-population zone N e analyzed, using
the models described in Appendix 15A Sandtcontrol room
and 1!5A.2.5, respectively.

15.7.1.5.1.4 Identification of Leakage Pathways and Resultant
Leakage Activity

For the purposes of evaluating the radiological consequences due to the
postulated waste gas decay tank rupture, the resultant activity is
conservatively assumed to be released directly to the environment during the 2-
hour period immediately following the occurrence of the accident. This is a
considerably higher release rate than that based on the actual building exhaust
ventilation rate. Therefore, the results of the analysis are based on the most
conservative pathway available.

15.7.1.5.2 Identification of Uncertainties and Conservatisms
in the Analysis

The uncertainties and conservatisms in the assumptions used to evaluate the
radiological consequences of a waste gas decay tank rupture result from
assumptions made involving the release of the waste gas from the decay tank and
the meteorology present at the site during the course of the accident.

a. The accumulated activity in t4-e jascs toaste ........ j
.-1Yztk.L1u C~tt_ 40 yt-Zý C ajd ±IULRJ-6atL-±
following plant shutdown w4ith zero dcay assumed t! be
in the waste gas decay tank is based on 1 percent failed
fuel, which is eighttime greater than that assumed
under normal operating conditions. radioactive

b. It is assumed that the waste gas decay tank s
immediately after the transfer of te--Gb4-e ses from
the reactor coolant to the waste gas decay tank is
complete. These assumptions result in the greatest
amount of n-e gas activity available for release to
the environment.

c. The noble gas activity contained in the ruptured waste
gas decay tank was assumed to be released over a 2-hour
period immediately following the accident. This is a
conservative assumption. If the contents of the tank
were assumed to mix uniformly with the volume of air
within the radwaste building where the decay tanks are
located, then, using the actual building exhaust
ventilation rate, a considerable amount of holdup
time would
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be gained. However, no credit for radioactive decay is taken- This
reduces the amount of noble gas activity released to the environment
due to natural decay. Also no credit for iodine removal by the non-
safety grade radwaste building HVAC charcoal adsorbers has been
taken.

d. The meteorological conditions which may be present at
the site during the course of the accident are
uncertain. However, it is highly unlikely that
meteorological conditions assumed will be present during
the course of the accident for any extended period of
time. Therefore, the radiological consequences
evaluated, based on the meteorological conditions
assumed, will be conservative.

15.7.1.5.3 Conclusions

15.7.1.5.3.1 Filter Loading

Since the accumulated iodine activity in the waste gas decay tanks is
negligible, filter loading due to a waste gas decay tank rupture does not

Ichallengel-st-a-b4-; i s the necessary design margin for the radwaste building exhaust or the
]control room intake filters. Hence, the respective filter loadings were not
evaluated.

15.7.1.5.3.2 Dose to Receptor at the Exclusion Area Boundarynl
a-n4 the Low-Population Zone Outer Boundary and in the Control Room

The radiological consequences resulting from the occurrence of a postulated
waste gas decay tank rupture have been conservatively analyzed using the A-TRAW
code, based on assumptions and models described in previous sections. FRADTRAD

The analysis results show that the radiological consequences of the postulated
waste gas decay tank failure do not exceed a sma !! fraction (i.e., 10 percent)

o-f the exp osu r-e lim ts se f or th ip n !d CFR'\r0 a Pff it do e ;n q we I b @e low

conrolroaem, even with no credit taken for he CREVS and its actuation
instrumentation. The results are listed in ble 15.7-4

15.7.2 RADIOACTIVE LIQUID WASTE SYSTEM LEAK 0 FAILURE

15.7.2.1 Identification of Causes

This is an infrequent fault because, although it\is unlikely to happen, the
potential for release of significant amounts of r dioactivity is present. The
accident may be caused by an equipment malfunction or tank failure or rupture.

the limit set in 10 CFR 20 for offsite doses. The
resultant control room dose is less than the limit set
forth in 10 CFR 50.67
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15.7.2.2 Sequence of Events and System Operation

The radioactive liquid tank is assumed to fail. This releases a maximum of 80
percent of the tank capacity to the equipment compartment.

15.7.2.3 Core and System Performance

This accident does not affect the core or the core system performance.

15.7.2.4 Barrier Performance

There are no barriers to the release of radioactivity from the radwaste
building.

15.7.2.5 Radiological Consequences

15.7.2.5.1 Method of Analysis
a

15.7.2.5.1.1 Physical Model

The liquid radwaste tanks are us d as a means of collecting waste to be: 1)
processed through the liquid r waste system, 2) pumped to the Solid Radwaste

System, or 3) discharged from he plant. To evaluate the radiological
consequences of the liquid w te processing system, it is postulated that there
is an accidental release of the contents of one of the tanks.

...... .4w I. - .. In the analyses, it is assumed that the
liquid contents of t •"ank are released to the radwaste building and,
subsequently, the airborne activity is released to the environment during the
2-hour period immediately following the tank failure.

Two tanks have been analyzed for this accident, and the radiological
consequences for both tanks are provided. The boron recycle holdup tank was
selected because it contained the maximum total inventory, and therefore, the
highest t-,l4h....... ... bod eXPo...... In addition a hypothetical tank containing the
maximum possible amount of iodine was analyzed in order to determine the
thyroid exposures. Although the primary spent resin tank contains the highest
inventory of airborne and soluble iodine, it is considered extremely unlikely
that all the iodine activity will become airborne in case the tank fails. The
assumptions, conditions, and mathematical models described in this section are
identical for both tanks, except as stated.

15.7.2.5.1.2 Assumptions and Conditions

The major assumptions and parameters assumed in this analysis are listed below
and in Tables 15.7-5 and 15A-1:

a. The isotopic invontery cf tho rupturd tan]= i4 takcn
fromn Table 11.1 6, and is based on 1-percent failed
fuel. The isotopic inven ry of the ruptured hypothetical tank
its l based on 1 peald fucl, but was calculated assuming
that all of the iodine in t streams entering the liquid radwaste
system are concentrated in a ypothetical tank where the only means
of depletion is radioactive d ay. These input streams are shown on
USAR Figure 11.1A-2 sheets 2, , and 4.

inventories of the ruptured tanks are given in Table 15.7-5 and are I
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b. The tank failure is assumed to occur when the contents
of the tank are at a maximum.

c. The doses are calculated as if the release were from the
radwaste building at ground level during the 2 1 ur
period immediately following the accident. N4 edit is
taken for radioactive decay during holdup in th Rtank G-r-
in trgansit to theý siteg boundary.

d. For tho boron rooyolo holdup tank 100 percent of all noble
activity in thc tank is released while 10 percent of

and t-_ iodine activity released as airborne activity. 100
LT!percent of all iodine ac ty is released from the

hypothetical liquid waste tan lin the tank

e. Credit for iodine removal by non-safety grade radwaste
building HVAC charcoal adsorber is not taken.

15.7.2.5.1.3 Mathematical Models Used in the Analysis

a. The mathematical models used to analyze the activity
released during the course of the accident are described
in Appendix 15A.

b. The atmospheric dispersion factors used in the analysis
were calculated, based on the onsite meteorological
measurement programs described in Section 2.3, and are
provided in Table 15A-2. TEDE

FT E- E

Once the activity is
released to the
environment, no
credit for
radioactive decay
is taken in the
transit to the site
boundary, outer
boundary of the
low population
zone, or control
room.

r t i Ireeptor IatI4=LO4 the e-Ql _usn aa bL-oun iIILILLe RI

- o-, to a receptor at the exclusion area boundaryr,
SIout'er boundary of the low-population zone ere analyzed,

using the models described in Appendix 15 ei
.2... and.... .2.... re.pectiel.....", and in the control

2.5.1.4 Identification of Leakage Pathways and room
Resultant Leakage Activity

15.7.

For the purposes of evaluating the radiological consequences due to the
postulated liquid radwaste tank rupture, the resultant activity is
conservatively assumed to be released directly to the environment during the 2-
hour period immediately following the occurrence of the accident. This is a
considerably higher release rate than that based on the actual building exhaust
ventilation rate. Therefore, the results of the analysis are based on the most
conservative pathway available.
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15.7.2.5.2 Identification of Uncertainties and Conservatisms
in the Analysis

The uncertainties and conservatisms in the assumptions used to evaluate the
radiological consequences of the liquid radwaste tank rupture result from
assumptions made involving the release of the radioactivity from the tanks and
the meteorology assumed for the site.

a. It was assumed that the liquid radwaste tank fails when
the inventory in the tank is a maximum. This assumption
results in the greatest amount of activity available for
release to the environment.

b. The contents of the ruptured tank are assumed to be
released over a 2-hour period immediately following the
accident. If the contents of the tank were assumed to
mix uniformly with the volume of air within the radwaste
building where the tanks are located, then, using the
actual building exhaust ventilation rate, a considerable
amount of holdup time would be gained. This reduces the
amount of activity released to the environment due to
the natural decay. Also, no credit for iodine removal
by the radwaste building HVAC charcoal adsorbers is
taken.

c. The meteorological conditions which may be present at
the site during the course of the accident are
uncertain. However, it is highly unlikely that
meteorological conditions assumed will be present during
the course of the accident for any extended period of
time.

d. A tank is assumed to have collected liquid waste based
on operation at 100-percent power with 1 percent failed
fuel for an extended period of time, which is e4.-.k-t
t higher than under normal operating conditions.

15.7.2.5.3 Conclusions

15.7.2.5.3.1 Filter Loadings Fchallenge-1
The filter loading due to a liquid radwaste tank rupture does not the
necessary design margin for the control room intake filters. Thus, the filter
loading was not evaluated.

15.7.2.5.3.2 Doses to Receptor at the Exclusion Area Boundaryo
a44d the Low-Population Zone Outer Boundaryl, and in the Control Room

The radiological consequences resulting from the occurrence of a postulated
liquid radwaste tank rupture have been conservatively analyzed, using
assumptions and models described in previous sections.
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, and for 30 days in

ITEDE dosess the control room
The doedet-n-tetyri .R u oIA

have been analyzed for the 0-2-hour dose at the exclusion area boundaý for
the duration of the accident at the low-population zone outer boundar . The
results are listed in Table 15.7-6. The resultant dose is a small fraction (4

15.7.3 POSTULATED RADIOACTIVE RELE SE DUE TO LIQUID TANK FAILURES

This analysis is presented in Section 2.4.13.3.

15.7.4 FUEL HANDLING ACCIDENTS

The postulated fuel handling accid nt has been analyzed for two cases: Case 1,
a fuel handling accident outside t e containment, and Case 2, a fuel handling
accident inside the reactor buildi g.

15.7.4.1 tification of Causes and Accident Description

The acciden is defined as the dr ping of a spent fuel assembly onto the fuel
storage area floor or refueling p ol floor, resulting in the rupture of the
cladding of all the fuel rods in he assembly despite many administrative
controls and physical limitations imposed on fuel handling operations. All
refueling operations are conducte in accordance with prescribed procedures.

15.7.4.2 Sequence of Events and ystems Operations

The first step in fuel handling i the achievement of plant cold safe shutdown
of the reactor. After a radiatio survey of the containment, the disassembly
of the reactor vessel is started. After disassembly is complete, the first
fuel handling is started. It is estimated that the earliest time to first fuel
transfer after shutdown is 76 ho rs.

The postulated fuel handling acc dent is assumed to occur during a core offload
at least 76 hours after shutdown in either the reactor containment building, or
in the fuel building subsequent o the transfer of a fuel assembly through the
fuel storage pool transfer gate nd prior to placement in a fuel storage pool
storage rack designated location.

15.7.4.3 Core and System Perfo ance

As fuel damage occurs outside t e reactor vessel in either the reactor
containment building or fuel bu lding, a postulated fuel handling accident does
not impair the safe operation o the reactor or its associated systems.

15.7.4.4 Barrier Performance

A barrier between the released ctivity and the environment is the reactor
building and the fuel building. Since these buildings are designed seismic
Category I, it is safe to assule that during the course of a fuel handling

The resultant offsite doses are less than the limit set in
10 CFR 20. The resultant control room dose is less
than the limit set forth in 10 CFR 50.67.
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accident their integrity is maintained. This means that the pathway for release
of radioactivity for a postulated accident in the fuel building is initially
via auxiliary/fuel building normal exhaust system. After it is isolated on a
high radiation signal, the release pathway is via the ESF emergency filtration
system. For a postulated accident in the reactor building, since the
containment personnel airlock (PAL) doors and equipment hatch are allowed to be
open during core alterations or movement of irradiated fuels, portion of the
gaseous effluent escaping from the refueling water pool in the Reactor
Containment Building could be released to the environment via the open
personnel and equipment hatches. The fuel storage pool and the refueling pool
provide minimum decontamination factors of 149 for iodine.

15.7.4.5 Radiological Consequences

15.7.4.5.1 Method of Analysis

15.7.4.5.1.1 Physical Model

The possibility of a fuel-handling accident is remote because of the many
administrative controls and physical limitations imposed on the fuel-handling
operations (refer to Section 9.1.4). All refueling operations are conducted in
accordance with prescribed procedures.

When transferring irradiated fuel from the core to the fuel storage pool for
storage, the reactor cavity and refueling pool are filled with borated water at
a boron concentration equal to that in the fuel storage pool, which ensures
subcritical conditions in the core even if all rod cluster control (RCC)
assemblies were withdrawn. After the reactor head and rod cluster control drive
shafts are removed, fuel assemblies are lifted from the core, transferred
vertically to the refueling pool, placed horizontally in a conveyor car and
pulled through the transfer tube and canal, upended and transferred through the
fuel storage pool transfer gate, then lowered into steel racks for storage in
the fuel storage pool in a pattern which precludes any possibility of a
criticality accident.

Fuel-handling manipulators and hoists are designed so that the fuel cannot be
raised above a position that provides an adequate water shield depth for
radiation protection of operating personnel.

The containment, fuel building, refueling cavity, refueling pool, and fuel
storage pool are designed to seismic Category I requirements, which prevent the
structures themselves from failing in the event of a safe shutdown earthquake.
The spent fuel storage racks are also designed to prevent any credible external
missile from reaching the stored irradiated fuel. The fuel-handling
manipulators, cranes, trollies, bridges, and associated equipment above the
water cavities through which the fuel assemblies move are
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In addition to the area radiation monitor located on the
bridge over the fuel storage pool, portable radiation
monitors capable of emitting audible alarms are located
in this area during fuel-handling operations. The doors
in the fuel building are closed to maintain controlled
leakage characteristics in the fuel storage pool region
during operations involving irradiated fuel. Should a
fuel assembly be dropped in the canal or in the pool and
release radioactivity above a prescribed level, the
radiation monitors sound an alarm,

If one of the redundant discharge vent radiation
monitors indicates that the radioactivity in the vent
discharge is greater than the prescribed levels, an
alarm sounds and the auxiliary/fuel building normal exhaust
is switched to the ESF Emergency Exhaust system to allow the
spent fuel pool ventilation to exhaust through the ESF
charcoal filters to remove most of the halogens prior to
discharging to the atmosphere via the unit vent. The supply
ventilation system servicing the fuel storage pool area is
automatically shut down, thus ensuring controlled leakage to
the atmosphere through charcoal adsorbers (refer to Section
9.4).

The probability of a fuel-handling accident is very low because of the safety
features, administrative controls, and design characteristics of the facility,
as previously mentioned, analysis

15.7.4.5.1.2 Assumptions and Conditions Iguidelines

The major assumptions and paramete s assumed in t analysis are itemized in
Tables 15.7-7 and 15A-1. ITables 15B-1 and 15B-3 3
In the evaluation of the fuel-handl'ng acdent, 11 the fission product

release assumptions of Regulatory *de 4-.2-5 hav been followed. Table 1
provide& a comparison of the 4G-s-n to the req of Regulatory Guide

1.]•1 - . The following assumptions, related to the release of fission product
gases from the damaged fuel assembly, were used in the analyses:

a. The dropped fuel assembly is assumed to be the assembly
containing the peak fission product inventory. All the
fuel rods contained in the dropped assembly are assumed
to be damaged. In addition, for the analyses for the
accident in the reactor building the dropped assembly is
assumed to damage 20 percent of the rods of an
additional assembly.

b. The assembly fission product inventories are based on a
radial peaking factor of 1.65.
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are c
high

c. The accident occurs 76 hours after shutdown, which is from
the earliest time fuel-handling operations can begin. Guid
Radioactive decay of the fission product inventories was modi
taken into account during this time period. NUR

d. Only that fraction of the fission products which to su
migrates from the fuel matrix to the gap and plenum cons
regions during normal operation was assumed to be
available for immediate release to the water following assu
clad damage. 100

e. The gap activity released to the fuel pool from the rods
damaged fuel rods consists of 10 percent of the total the b
noble gases other than Kr-85, 30 percent of the Kr-85, kW/f
and 10 percent of the total radioactive iodine other than forth
1-131, 12 percent of the 1-131, contained in the fuel rods
at the time of the accident. < 11 01

Guid
f. The pool decontamination factor is 1.0 for no cases.

g. The effective pool decontamination factor is -- ý•for
iodine assuming at least 23 feet of water above the top of
the damaged fuel assemblies is maintained in the pool. In
the case of a single bundle dropped and lying horizontally
on top of the spent fuel racks, however, there may be < 23
ft of water above the top of the fuel bundle and the surface,
indicated by the width of the bundle. To offset this small
nonconservatism, the analysis assumes that all fuel rods fail,
although analysis shows that only the first few rows fail
from a hypothetical maximum drop.

gap fractions
)btained for
burnup fuel
Regulatory
e 1.25 as
fied by
EG/CR-5009
ipport the
ervative
mption that
percent of the
do not meet
)urnup and
t limits set
in Footnote
f Regulatory
e 1.183.

h. The iodine above the fuel pool is assumed to be composed
of :-5 percent inorganic and 2-4 percent organic species.

i. T1-;ctivity which escapes fTrTm the pool is assumed to
be available for release to the environment 1,q a time
period of 2 hours.

j. No credit for ,cay or depletion during transit to the
site boundary[}n4 outer boundary of the low-population

zone sumed. ,or in the control

k. No credit is taken for mixina or holdun in the fuie room
building atmosphere. The filter efficiency for the ESF

I M
. .... Ca . -... . .

wibll i ltUU01 bl tu[p ut Ut Li LIb i U il

-1

1. rP1,_ F - 1 1.11 4 1 14 4~ 1 4- - , ,/ 4, ,- I I- , , 4'1 A 4 - -

normal exhaust system to the ESF emergency exhaust system within one
minute from the time the activity reaches the exhaust duct. The
activity released before completion of the switchover is assumed to
be discharged directly to the environment with no credit for
filtration or dilution.
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m. For the inside the reactor building case, the containment personnel
airlock doors and equipment hatch are assumed to be open at the time
of the accident. For added conservatism, the gaseous effluent
escaping from the refueling water pool in the Reactor Containment
Building is assumed to be released immediately to the environment
through the open personnel and equipment hatch and the adjacent
Auxiliary Building without mixing in the surrounding atmosphere.
The activity releases continue until the containment personnel
airlock doors and equipment hatch are closed (assumed to be
accomplished within two hours). The Auxiliary Building atmosphere
is normally exhausted through filter absorbers designed to remove
iodine. However, no credit is taken for iodine removal by the 100
atmosphere filtration system filters. It is also assumed that no 0-
containment coolers or hydrogen mixing fans are operating and
of the activity escaping from the pool to the containment building
is released to the environment over a two-hour period following the
accident.

15.7.4.5.1.3 Mathematical Models Used in the Analysis

Mathematical models used in the analysis are described in the following
sections:

a. The mathematical models used to analyze the activity
released during the course of the accident are described
in Appendix 15A, Section !5A.2.

b. The atmospheric dispersion factors are calculated, based
on the onsite meteorological measurements programs
described in Section 2.3 and are provided in Table
15A-2.

c. The thyroid inhlation... .and total-body immers.ion.. d..es to
a receptor located at the exclusion area boundary,+I:-4
outer boundary of the low population zonere described
in Appendix 15A, Sections !5A.2. and 15A
respectively. and in the control room

15.7.4.5.1.4 Identification of Leakage Pathways and Resultant
Leakage Activity

For evaluating the radiological consequences due to the postulated fuel-
handling accident in the fuel building and reactor building, the resultant
activity is conservatively assumed to be released to the environment during the
0-2-hour period immediately following the occurrence of the accident. This is
a considerably higher release rate than that based on the actual ventilation
rate. Therefore, the results of the analysis are based on the most
conservative pathway available.

15.7.4.5.2 Identification of Uncertainties and Conservatisms
in Analysis

The uncertainties and conservatisms in the assumptions used to evaluate the
radiological consequences of a fuel-handling accident result from assumptions
made involving the amount of fission
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product gases available for release to the environment and the meteorology
present at the site during the course of the accident. The most significant of
these assumptions are:

a. It is assumed in the analysis that all the fuel rods in
the dropped assembly are damaged. This is a highly
conservative assumption since, transferring fuel under
strict fuel handling procedures, only under the worst
possible circumstances could the dropping of a spent
fuel assembly result in damage to all the fuel rods
contained in the assembly.

b. The fission product gap inventory in a fuel assembly is
dependent on the power rating of the assembly and the
temperature of the fuel. It has been conservatively
assumed that the core has been operating at 100 percent
for the entire burnup period. The gap activities are
listed in Tablc 15A-3.

c. Iodine removal from the released fission product gas
takes place as the gas rises to the pool surface through
the body of liquid in the fuel storage and refueling water
pools. The extent of iodine removal is determined by mass
transfer from the gas phase to the surrounding liquid and is
controlled by the bubble diameter and contact time of
the bubble in the solution. The values used in the
analysis result in a release of activity approximately a
factor of 5 greater than anticipated.

Radioactive material from the refueling water pool in the
reactor containment building is assumed to be released
directly to the environment through the open personnel and equipment
hatch and the adjacent auxiliary building, without mixing in the
surrounding atmosphere. Radioactive material is assumed to
be released from thbaujuxiliary building or from the fuel
builra tr a two-hour time period. <

d-.- TheQ ESF mergency filtraQtionA sygte@m charco-al- filt-er-S are
known to operate with at least a 99-percent efficiency.
This mcans a further reduction in the iodine

The fuel building
atmosphere
filtration system
has absorbers
which normally
filter any exhaust;
however, credit for
this system is not
taken.

UUI1U~fI~dLIUI1 JAIU 11Ui !A A-A.JLUI LII A LL1 lIVLUIU WQR4es

at the exclusion area boundary and the outer boundary of
the low-population zoneC foQr the fue44l handling acciden~t in,
the fuel bui ldi4ng.

The containment purge exhaust system has charcoal
adsorber units which filter any containment purge
release. However, no credit has been taken for its
capability (90-percent efficiency, minimum) since these
units are not specifically designed to seismic Category I
criteria. It is expected that for any event which would
produce a catastrophic failure of the charcoal adsorber
unit to the extent that its filtering capability
would be negated
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Felt_

would also result in the purge exhaust fan becoming
inoperable. Therefore, failure within the purge exhaust
system would terminate any high volume release from the
containment. In fact, the purge exhaust fan is
considerably more likely to be inoperable following any
postulated event than the failure of a passive charcoal
adsorber unit. Thus, although no credit in the analysis
has been given for the normal purge exhaust filters, any
release prior to containment isolation would be filtered.

There is also conservatism in the time to first fuel
transfer. Despite the fact that fuel could be
transferred at 76 hours, it is probable that fuel
handling will begin sometime later.

The meteorological conditions which may be present at the
site during the course of the accident are uncertain.
However, it is highly unlikely that meteorological
conditions assumed will be present during the course of
the accident for any extended period of time. Therefore,
the radiological consequences evaluated, based on the
meteorological conditions assumed, are conservative.

Iconnzidprrd in thi qnnl%/czii hirh limitq I
onl 1 5 .7.4.5.2.1 Filter Loadings

TT ESF filtration systems which function to limits
handling accident in the fuel building are the ESF

7 the control room filtration system.

Ihe. consequences of a fuel-
emerg.enc. filtratin ss.tem

The activity loadings on the control room charcoal adsorbers as a function of
time have been evaluated for the loss-of-coolant accident, Section 15.6.5.
Since these filters are capable of accommodating the design basis LOCA fission
product iodine loadings, more than adequate design margin is available with
respect to postulated fuel-handling accident releases.

The activity loadings on the SF filt=ration sysRtem charcal dsorber have been
evaluated in accordance with Regulatory Guide 1.52, which limits the maximum

loading to 2.5 mg of iodine per gram cr=tiv;at(d charcoal.

15.7.4.5.2.2 Doses to Receptor at the Exclusion Area Boundary
a-.4 Low-Population Zone Outer Boundary and in the Control Room

The potential radiological consequences resulting from the occurrence of a
postulated fuel-handling accident occurring in the fuel building and in the
reactor building have been conservatively
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TEDEdoses

nalyzed, using assumptions and models described in previous sections. The
.tal-body dose .. ue. to imme.rsionr.om.. dirct. radiation and the thyroid doe.
tg Jnha 1-on have been analyzed for the 0-2-hour dose at the exclusion area
boundaryg4ýý for the duration of the accident (0 to 2 hours) at the low-
population zone outer boundar . The results are listed in Table 15.7-8. The
resultant doses are well with the guideline values of 10 CFR 1-"4.

15.7.5 SPENT FUEL CASK DROP CCIDENTS F50.67

The design of the spent fuel ask handling equipment is such that no cask could
be dropped more than the equi alent of 30 feet in the air. Therefore, no cask
rupture will occur and thus o radioactivity will be released. Refer to
Section 9.1.4 for a descript'on of the spent fuel shipping procedures.

F, and for 30 days in the control room.
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TABLE 15.7-1

DESIGN COMPARISON TO THE REGULATORY POSITIONS OF REGULATORY
GUIDE 1.24 "ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL

CONSEQUENCES OF A PRESSURIZED WATER REACTOR RADIOACTIVE GAS
STORAGE TANK FAILURE" REVISION 0, DATED MARCH 23, 1972

Regulatory Guide 1.24
Position Design

1. The assumptions related to the
release of radioactive gases
from the postulated failure of
a gaseous waste storage tank are:

a. The reactor has been operating
at full power with one percent
defective fuel and a shutdown
to cold condition has been
conducted near the end of an
equilibrium core cycle. As
soon as possible after shut-
down, all noble gases have
been removed from the primary
cooling system and transferred
to the gas decay tank that is
assumed to fail.

b. The maximum content of the
decay tank assumed to fail
should be used for the pur-
pose of computing the noble
gas inventory in the tank.
Radiological decay may be taken
into account in the computation
only for the minimum time period
required to transfer the gases
from the primary system to the
decay tank.

c. The failure is assumed to occur
immediately upon completion of
the waste gas transfer, releasing
the entire contents of the tank
to the building. The assump-
tion of the release of the
noble gas inventory from
only a single tank is based
on the premise that all gas
decay tanks will be isolated
from each other whenever
they are in use.

l.a Complies.

l.b Complies.

l.c Complies.
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TABLE 15.7-1 (Sheet 2) Fýýges

Regulatory Guide 1.24
Position Design

d. All of the noble gases are
assumed to leak out of the
building at ground level
over a 2-hour time period.

l.d Complies.

2. The atmospheric diffusion assump-
tions for ground level releases are:

a. The basic equation for at-
mospheric diffusion from a
ground level point source
is:

2. Short-term atmospheric
dispersion factors
corresponding to a
ground level release and
accident conditions were
calculated based on on-
site meteorological mea-
surement programs described
in Section 2.3. The disper-
sion factors are in compli-

ance with the methodology

described in Regulatory Guide
1.145 and represent the worst
of the 5 percent overall site
meteorology and the 0.5
percent worst sector
meteorology.

x/Q = 1

RtUGy CYz

Where:

X = the short term average
centerline value of
the ground level con-

centration (curies/m3 )

Q = amount of material

released (curies/sec)

u = windspeed (meters/sec)

ay = the horizontal standard
deviation of the plume
(meters) [See Figure V-
1, page 48, Nuclear
Safety, June 1961,
Volume 2, Number 4, "Use
of Routine Meteorological
Observations for Esti-
mating Atmospheric
Dispersion," F. A.
Gifford, Jr.]
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TABLE 15.7-1 (Sheet 3)

Regulatory Guide 1.24
Position Design

the vertical standard

deviation of the plume
(meters) [See Figure V-2,
page 48, Nuclear Safety,
June 1961, Volume 2,
Number 4, "Use of Routine
Meteorological
Observations for Esti-
mating Atmospheric
Dispersion," F. A.
Gifford, Jr.]

b. For ground level releases,

atmospheric diffusion factors 1

used in evaluating the radio-
logical consequences of the
accident addressed in this guide
are based on the following
assumptions:
(1) windspeed of 1 meter/sec;
(2) uniform wind direction
(3) Pasquill diffusion cat-

egory F.

c. Figure 1 is a plot of
atmospheric diffusion factors

(x/Q) versus distance derived by
use of the equation for a ground
level release given in
regulatory position 2.a. above
under the meteorological
conditions given in regulatory
position 2.b. above.

3. The following assumptions and
equations may be used to obtain
conservative approximations of
external whole body dose from
radioactive clouds:

a. External whole body doses are
calculated using "Infinite
Cloud" assumptions, i.e., the
dimensions of the cloud are
assumed to be large compared to
the distances that the gamma
rays and beta particles travel.

3. Dose factors givon in Regula
tery Guide 1-1-9 te r noble
gases and lodine thyr-eid decop

a-GsP factors were ea1lculatc#d
with 5 cm body tissucd atten
uatien; see Table 15A 4.

Does not comply. Analyses
followed Regulatory Guide 1.183
for calculating total effective
dose equivalent doses.
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TABLE 15.7-2

DESIGN COMPARISON TO THE REGULATORY POSITIONS OF 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 BOILING AND
PRESSURIZED WATER REACTORS" REVISION 0, DATED MARCH 23, 1 2

Regul ory Guide 1.25 Case 1 Case 2
ition (in Fuel Building) (in Reactor Building)

i. The assumptionsI related the
release of radioactive mate al from
the fuel and fuel storage faci *ty
as a result of a fuel handling
accident are:

a. The accident occurs at a time Complie, except the Complies, except the time
after shutdown identified in the time ter shutdown is after shutdown is
technical specifications as the ide ified in Section identified in Section
earliest time fuel handling 9 .4.2.3. Accident 9.1.4.2.3. Accident occurs
operations may begin. Radioactive occurs 76 hours after 76 hours
decay of the fission product tdown, after shutdown.
inventory during the interval
between shutdown and commencement
of fuel handling operations is
taken into consideration.

b. The maximum fuel rod pressuComplies. Complies.
zation2 is 1200 psig.

c. The minimum water de h 2 between Complies. Water Complies. Water
the top of the da ged fuel rods depth is greater than depth is greater
and the fuel po surface is 23 feet. than 23 feet.
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TABLE 15.7-2 (Sheet 2)

Regulatory Guide 1.25 Case 1 Case 2
Position (in Fuel Building) (in Reactor Building)

d. All the gap activity in the Complies. Complies.
damage rods is released and
consists 10% of the total
noble gases ther than Kr-85,
30% of the Kr 5, and 10% of the
total radioactiv iodine in the
rods at the time o the accident.
For the purpose of si ng filters
for the fuel handling a ident
addressed in this guide % of
the 1-127 and 1-129 inventor
is assumed to be released from
the damaged rods.

e. The values assumed for individual Complies. A peakin Complies. A peaking
fission product inventories are ctor of 1.65 is factor of 1.65 is used.
calculated assuming full power us
operation at the end of core life
immediately preceding shutdown
and such calculation should in-
clude an appropriate radial peaking
factor. The minimum acceptable
radial peaking factors are 1.5 for
BWR's and 1.65 for PWR'S.

f. The iodine gap inventory is com- Complies. Complies.
posed of inorganic species
(99.75%) and organic species .25%).

g. The pool decontamination actors Complies. comp s.
for the inorganic and ganic
species are 133 and I, respec-

tively, giving an verall effective
decontaminatio factor of R00
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TABLE 15.7-2 (Sheet 3)

Case 1
(in Fuel Building)

Case 2
(in Reactor Building)l J I

rele ed from the damaged rods is
retain 'by the pool water). This
differen in decontamination
factors for*norganic and organic
iodine specie results in the
iodine above the.uel pool being
composed of 75% in anic and 25%
organic species.

h. The retention of noble g es in Complies. A decon- Con es. A decon-
the pool is negligible (i.e. tamination factor of 1 ta nation factor
decontamination factor of ).is used. 1 is used.

i. The radioactive material that Complies. A 0-2 hour The containment shutdown
escapes from the pool to the release from the pool purge lines are automaticall
building is released from the to the building to e isolated upon detection of
building3 over a 2-hour time nvironment is sumed. high radioactivity in the
period. containment. It is con-

servatively assumed
that isolation does not
occur until 25 seconds
after the release. The
containment minipurge lines
are assumed to automatically
isolate in less than 25
seconds after the release.
Therefore, the greatest
ortion of the activity

i contained in the
reac r building
follow the event.

j. If it can be shown t the build- Not applicable; No credit is aken
ing atmosphere is e austed through complies with Regula- for the normal rge
adsorbers designe to remove iodine, tory Guide 1.52 as de- filters.
the removal ef.iciency is 90% for scribed in Table 9.4-2.
inorganic sp ies and 70% for
organic s cies.4

Y
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TABLE 15.7-2 (Sheet 4)

Regulatory Guide 1.25 Case 1 Case 2
Position (in Fuel Building) (in Reactor Building)

k. Th effluent from the filter Complies. Complies.
syst passes directly to the
emergen exhaust system without
mixing5 i the surrounding building
atmosphere a is then released
(as an elevate lume for those

2. The assumptions for atmos eric dif- Short-term atmospheric dispe ion
fusion are: •factors corresponding to ound level

release and accident co itions were
a. Ground Level Releases based on meteorologic measurement

programs described i Section 2.3.
(1) The basic equation for atmo The dispersion f ors are in com-

pheric diffusion from a pliance with t methodology described
ground level point source is: in Regulator Guide 1.145 and represent

the worst the 5 percent overall site
X/Q= eteoro gy and the 0.5 percent worst

RGt yaZ se to meteorology.

Where:

X= the short term average
centerline value of the
ground level concen-

tration (curies/m3)

Q = amount of material -

u = windspeed (me rs/sec)

= the horizo al standard
Cry deviati of the plume

(met s) [See Figure V-1,
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TABLE 15.7-2 (Sheet 5)
Regulatory Guide 1.25 Case 1 Case 2

(in Fuel Building) (in Reactor Building)

Page 48, Nuclear Safety,
June 1961, Volume 2, Num-
er 4, "Use of Routine

me orological Obser-
vati s for Estimating
Atmosph ic Dispersion,"
FA.Gif rd, Jr.]

(z= the vertical st dard de-
viation of the plu
(meters) [See Figure -2,
Page 48, Nuclear Safet
June 1961, Volume 2,
Number 4, "Use of Routine
Meteorological Observa-
tions for Estimating
Atmospheric Dispersion,"
F. A. Gifford, Jr.]

(2) For ground level releases, at-
mospheric diffusion factors 7

used in evaluating the radio-
logical consequences of the
accident addressed in this g *de
are based on the following
assumptions: . r

(3) Figure 1 i plot of atmos-
pheric dsil f ion 1vesu istance derived by use

Rev. 1
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TABLE 15.7-2 (Sheet 6)

latory Guide 1.25 Case 1 Case 2
sition (in Fuel Building) (in Reactor Building)

o the equation for a ground~leve Krelease given in
regula ry position 2.a.(1)
and unde the meteorological
conditions *ven in regulatoryposition 2.a.

(4) Atmospheric diffus' n factors
for ground level rel ses may
be reduced by a factor anging
from one to a maximum of ree
(see Figure 2) for addition
dispersion produced by the
turbulent wake of the reactor
building. The volumetric
building wake correction as
defined in Subdivision 3-3.5.2
of Meteorology and Atomic
Energy-1968, is used with a
shape factor of 1/2 and the
minimum cross-sectional area
of the reactor building only.

b. Elevated Releases

(1) The basic equation for atm - Not applicable. ot applicable.
pheric diffusion from a le- Ground level releases und level releases
vated release is: were assumed. wer assumed.

e-h 2 

1 

2
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TABLE 15.7-2 (Sheet 7)

.atory Guide 1.25 Case 1 Case 2
Position (in Fuel Building) (in Reactor Building)

the short term average
nterline value of the
g dlevel concen-

tr ti (curies/m3)

etooamount oiterial re-
leased (cui sc

windspeed Dispersiec)

Gy = the horizona standar
deviation of the plume
(meters) [See Figure V-1,
Page 48, Nuclear Safety ,
June 1961, Volume 2,
Number 4, "Use of Routine
Meteorological Observa-
tions for Estimating
Atmospheric Dispersion,"
F. A. Gifford, Jr.]

(Tz= the vertical standard
deviation of the plume
(meters) [See Figure V-
Page 48, Nuclear Saf
June 1961, Volume 2/
Number 4, "Use o 'outine
Meteorological •serva-
tions for Es 'mating
AtmospheriDseso,
F. A. i r ,J .

ref r ase (meters)
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R•2 oegulatory Guide 1.25
~Position

(2) For elevated releases, atmos-
pric diffusion factors 7 used
in e luating the radiological
conseq ces of the accident
addresse *n this guide are
based on th following assump-~tions:
(a) windspeed 1 meter/sec;
(b) uniform wind ' rection;
(c) envelope of Pas ill dif-

fusion categories r
various release heig

(d) a fumigation condition
exists at the time of the
accident.8

(3) Figure 3 is a plot of atmos-
pheric diffusion factors versus
distance for an elevated
release assuming no fumigation,
and Figure 4 is for an elevated
release with fumigation.

(4) Elevated releases are consid-
ered to be at a height equal o
no more than the actual st k
height. Certain site co i-
tions may exist, such s
surrounding elevate topography
or nearby structu s, which
will have the e ect of reduc-
ing the effe ive stack
height. T degree of stack
height r uction will be eval-
uated an individual case

TABLE 15.7-2 (Sheet 8)

Case 1
(in Fuel Building)

Case 2
(in Reactor Buildinq)
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TABLE 15.7-2 (Sheet 9)

ulatory Guide 1.25 Case 1 Case 2
Position (in Fuel Building) (in Reactor Building)

3. The follo w g assumptions and equa-
tions may be sed to obtain con-
servative appr imations of thyroid
dose from the inh ation of radio-
iodine and external ole body dosefrom radioactive c lou_.

a. The assumptions relativ to in- Complies. See Appendix Comi es. See Appendix
halation thyroid dose app xi- 15A, Section 15A.2.4. 1 ,Section SA.2.4.
mations are:

(1) The receptor is located at a
point on or beyond the site
boundary where the maximum
ground level concentration is
expected to occur.

(2) No correction is made for
depletion of the effluent plume
of radioiodine due to
deposition on the ground, or
for the radiological decay or
radioiodine in transit.

(3) Inhalation thyroid doses ma e
approximated by use of th

= (DFp)R(DFf)

Where:

D =h 'i dose (rads)

Rev .1 1
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TABLE 15.7-2 (Sheet 10)

ulatory Guide 1.25 Case 1 Case 2
Position (in Fuel Building) (in Reactor Building)

= fraction of fuel rod
iodine inventory in fuel
d void space (0.1)

I = core '_dine inventory at
time of cident (curies)

F = fraction of re damaged
so as to releas void
space iodine

P = fuel peaking factor

B = Breathing rate = 3.47 x
10-4 cubic meters per
second (i.e., 10 cubic
meters per 8 hour work
day as recommended by
the ICRP)

DFp = effective iodine decon-
tamination factor for
pool water

DFf = effective iodine d on-
tamination fact for
filters (if p sent)

X/Q = atmosphe ic diffusion
factor t receptor location
(se m3)

Rev. 0
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TABLE 15.7-2 (Sheet 11)

Regulatory Guide 1.25 Case 1 Case 2
Position (in Fuel Building) (in Reactor Building)

R adult thyroid dose con-
version factor for the
iodine isotope of in-
terest (rads per curie).
ose conversion factors

f Iodine 131-135 are
liste in Table 1.9 These
values e derived from
"standard n" parameters
recommended iICRP

TABLE 1

Adult Inhalation Thyroid Table 1; the thyr d Table 1; the thyroid
Dose Conversion Factors ose conversi tors dose conversion factors

g en in Reg-atory given in Regulatory
Iodine Conversion Factor (R) Gui 1.10 are used. Guide 1.109 are used.
Isotope (Rads/curie inhaled)

131 1.48 x 106

132 5.35 x 104'

133 4.0 x 105

134 2.5 x 104

135 1.24 x 105

b. The assumptions relative to Complies. See Appendix Co lies. See Appendix
external whole body dose prox- 15A, Section 15A.2.5. 15A, ection 15A.2.S.
imations are:

(1) The receptor located at a
point on or eyond the site
boundary ere the maximum
ground vel concentration is
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TA

•ulatory Guide 1.25

Position

(2) Ex rnal whole body doses are

caic ated using "Infinite
Cloud" sumptions, i.e., the
dimension of the cloud are
assumed to large compared
to the distan s that the

gamma rays and b ta particles
travel. The dose any distance
from the reactor is lculated
based on the maximum und
level concentration at th 1

distance.

For an infinite uniform cloud
containing curies of beta

radioactivity per cubic meter,
the beta dose rate in air at

•BLE 15.7-2 (Sheet 12)

Case 1
(in Fuel Building)

Case 2
(in Reactor Buildino)
(i n ... .. .. .. .. .. .. Bu l In

(2) The whole-body dose factors for
gammas given in Regulatory Guide
1.109 are used; for iodines, the
whole-body dose factors for ga aE
with credit for 5 cm body ti ue
attenuation are used. See able
1SA-4 for dose conversi factors.

the cloud center is: 1 1

PD'oo = 0.457 EPX

Where:

pD 00= beta dose rate fro an
infinite cloud Crd/sec)

= average bet energy per

disinteg tion (Mev/dis)

x = con ntration of beta or
ma emitting isotope in

the cloud (curie/m3 )

Rev. 1
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TABLE 15.7-2 (Sheet 13)

Regulatory Guide 1.25 Case 1 Case 2
Position (in Fuel Building) (in Reactor Buildin

cause of the limited range
of ta particles in tissue,
the s face body dose rate
from bet emitters in the
infinite c ud can be approx-
imated as bei one-half this~amount or:

PD'co = 0.23 E• P

For gamma emitting mater 1
the dose rate in tissue at e
cloud center is:

Where:

7D' = gamma dose rate from an
infinite cloud (rad/sec)/

- = average gamma energy per

disintegration (Mev/dis)/

However, because of the pr 4-
ence of the ground, the.
receptor is assumed to •e
exposed to only one- lf of
the cloud (semi-i inite) and
the equation bemes:

YD' -- 0.2S X
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TABLE 15.7-2 (Sheet 14)

egulatory Guide 1.25 Case 1 Case 2
Position (in Fuel Building) (in Reactor Building)

Thus, the total beta or gamma
e to an individual located

at e center of the cloud
path m be approximated as:
p =c 0.23 - Po

7 Do = 0. 23 _ýY

Where T is the conce ration
time integral for the c ud
(curie sec/m3 ).

(3) The beta and gamma energies
emitted per disintegration, as
given in Table of Isotopes, 1 2

are averaged and used accord-
ing to the methods described
in ICRP Publication 2.

Notes:

1 The assumptions given are valid only
for oxide fuels of the types currently i
use and in cases where the following c
ditions are not exceeded:

a. Peak linear power densi of 20.5
kW/ft for the highes ,ower assem-
bly discharged.!

b. Maximum center me operating fuel
temperatuthis asse by.

~Rev. 1
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TABLE 15.7-2 (Sheet 15)

Regulatory Guide 1.25 Case 1 Case 2
Position (in Fuel Building) (in Reactor Building)

C. Aver e burnup for the peak assem-
bly o ',000 MWD/ton or less (this
correspon to a peak local burnup
of about 45, 0 MWD/ton).

2 For release pressur greater than
1200 psig and water depths 1 s than 23
feet, the iodine decontaminati factors
will be less than those assumed i this
guide and must be calculated on an 1 1-
vidual case basis using assumptions co
parable in conservatism to those of this
guide.

3 The effectiveness of features pro-
vided to reduce the amount of radioactive
material available for release to the
environment will be evaluated on an in-
dividual case basis.

4These efficiencies are based upon a
2-inch charcoal bed depth with 1/4 second
residence time. Efficiencies may be dif-
ferent for other systems and must be cal-
culated on an individual case basis.

5 Credit for mixing will be allowed*n
some cases; the amount of credit will e
evaluated on an individual case bas' .

6 Credit for an elevated r ease will be
given only if the point of r ease is (a)
more than two and one-half imes the height
of any structure close ough to affect the

Rev. 0
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TABLE 15.7-2 (Sheet 16)

Regulatory Guide 1.25 Case 1 Case 2
Position (in Fuel Building) (in Reactor Building)

dispersion off e plume or (b) located far
enough from any s ucture which could affect
the dispersion of t splume. For those

plants without stacks e atmospheric diffu-
sion factors assuming gro d level release
given in regulatory position .b should be

7 These diffusion factors should used
until adequate site meteorological data re
obtained. In some cases, available inform -
tion on such site conditions as meteorology,
topography and geographical location may
dictate the use of more restrictive para-
meters to ensure a conservative estimate of
potential offsite exposures.

8 For sites located more than 2 miles
from large bodies of water such as oceans or
one of the Greak Lakes, a fumigation condi-
tion is assumed to exist at the time of the
accident and continue for 1/2 hour. For
sites located less than 2 miles from large
bodies of water a fumigation condition is
assumed to exist at the time of the acc
dent and continue for the duration of e
release (2 hours).

Rev. 0
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TABLE 15.7-2 (Sheet 17)

egulatory Guide 1.25 Case 1 Case 2
Position (in Fuel Building) (in Reactor Buildin

9 Dose conve ion factors taken from
"Calculation of Di nce Factors for Power
and Test Reactor Site " TID-14844, J. J.
DiNunno, R. E. Baker, F. . Anderson, and
R. L. Waterfield (1962).

1 0 Recommendations of the I ernational
Commission on Radiological Protect n,
"Report of Committee II on Permissib Dose
for Internal Radiation (1959)," ICRP
Publication 2, (New York: Permagon Press,
1960).

llMeteorology and Atomic Energy-1968,
Chapter 7.

1 2 C. M. Lederer, J. M. Hollander, and
I. Perlman, Table of Isotopes, Sixth Edition
(New York: John Wiley and Sons, Inc. 1967)

Rev. 0



TABLE 15.7-3

PARAMETERS USED IN EVALUATING
THE RADIOLOGICAL CONSEQUENCES OF A

WASTE GAS DECAY TANK RUPTURE

I. Source Data
a. Core power level, MWt
b. Failed fuel, percent

II. Atmospheric Dispersion Factors

13637 (includes uncertainty)

1

See Table 15A-2

III. Activity Release Data

Isotope

1-131
1-132
1-133
1-134
1-135
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-4-37
Xe-138

Kr-85m
Kr-85
Kr-87
Kr-88

0-2 hr (Ci)

4-.-02 23.99E-2
2 .30E-.2

-~-E-2-4.28E-2
4.96E-3

1.3-9E-2- 1.94E-.2
9. 05~E+2 1.07E+3
S- 14E-i4 1.27E+3

7 -991]4 8.12E+4

i~igig5 .97E+1
;;. __ 42 1.02E+3

4.~4-9 4.06E+O
2.26Ei1

rp 1.49E+2
4.7-5E 13 5.52E+3
3.6491! 3.00E+1
2.-25~E 12 1.79E+2

Rev. 13



TABLE 15.7-4

RADIOLOGICAL CONSEQUENCES OF A
WASTE GAS DECAY TANK RUPTURE

TEDE

Doses (remr

Exclusion Area Boundary
(0-2 hr) F9.OE-2

Th14'roid
!.3!E-0!

Low Population Zone Outer Boundary
(duration)

Thy~roid
Whole Body4

12.9E-21

4.SSE-04. 724-Q2

Control Room

E (3e days)Ski T- 1 4
ýý Wlqptp PI -1-

5-199E-2

2.1GB=-C02
G.23EB01

Rev. 26



WOLF CREEK

TABLE 15.7-5

PARAMETERS USED IN EVALUATING THE RADIOLOGICAL
CONSEQUENCES OF A LIQUID RADWASTE TANK FAILURE

I. Source Data

a.
b.

Core power level, MWt
Failed fuel, percent

13637 (includes uncertainty)
3,565
1

II. Atmospheric Dispersion Factors See Table 15A-2

III. Activity Release Data

a. Noble gas activity, percent of
tank contents

b. Iodine gas activity, percent of
tank contents
1. Boron recycle holdup tank
2. Hypothetical Liquid Waste tank
±CA±±'h.Tý ±±'.J.L O OLJ -...L L -p¶..J .

100

100

I pe-'77-Nn -Pme-177-t= tmti- CP-4,;%:;. ý 3-3. a. 9

(sIi~~L 13)

r*z

2. 1LLiLLy tv LP;p L tUr bkL~J tkAJL

Activity released to the environment
1. Boron recycle holdup tank

-ravTe -r-r. -I- "
(sheet 16

Isotope

F-1130]
1-132
1-133
1-134
1-135

Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe 13 7
Xe-138

Kr-85m
Kr-85
Kr-87
Kr-88

0-2 hr (Ci)

4.96E 1
:7.909-3
I .13ER 1
7.25E-4

1. 49E12-
1. 6F 1E4-
1.096B 1
4.4O91-1

9.358E 32

3.i0E 3

6.36E-3
5.83E+0
8.52E-2
1.15E+0
7.04E-3
2.07E-1
3.67E+2
1.44E+2
1.79E+4
1.09E-1
3.64E+1

8.74E-2

4.OOE+O
1.69E+3
7.34E-1
4.49E+0

Rev. 14
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TABLE 15.7-5 (Sheet 2)

lHypothetical Liquid Wastel
2. vi=:tkk&:Ey Ei L-+-em tank

Isotope

1-132
1-133
1-134
1-135
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135

Xe-138

Kr-85m
Kr-85
Kr-87
Kr-88
Kr--9

0-2 hr (Ci)

1.92E01I

9.939B 24
7.464Es 03
3.192 -61
7.19oE 09
0.000E+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0. 000E+00
0. OOOE 100

0.OOOE+00
0. OOOEi00
0.000E+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
90.99&90

2.75E-3
2.75E+1
7.1 OE-3
8.07E-1
2.26E-4
4.88E-2

Rev. 14
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TABLE 15.7-6

RADIOLOGICAL CONSEQUENCES OF A
LIQUID RADWASTE TANK FAILURE DTEeD•E-

Dose (rem)<-ý

Boron Recycle Tank
Exclusion Area Boundary
(0-2 hr)

Thy~roid 4.91E 2
2.48E-2

12.8E-2 I

Low Population Zone Outer Boundary
(duration)

Thyre id

IControl Room (30 days)
Hypothetical Liquid Waste Tank

Exclusion Area Boundary
(0-2 hr)

18.8E-3

15.5E-21

4-:-4K. E--EQ 520E2

Low Population Zone Outer Boundary
(duration)

thyrem a

lControl Room (30 days)
2.99E 1 F1 6ET-2

12.E-1

Rev. 14
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TABLE 15.7-7

PARAMETERS USED IN EVALUATING
THE RADIOLOGICAL CONSEQUENCES OF A

FUEL-HANDLING ACCIDENTn

I. Source Data
a. Core power level, MWt
b. Radial peaking factor
c. Decay time, hours
d. Number of fuel assem-

blies affected
e. Fraction of fission

product gases con-
tained in the gap
region of the fuel
assembly

II. Atmospheric Dispersion
Factors

III. Activity Release Data
a. Percent of affected

fuel assemblies gap
activity released

b. Pool decontamination
factors
1. Iodine
2. Noble gas

s-- Filter efficiency,

11 4- Building mixing vo-
lumes assumed, percent

of total volume

Id e-.- Activity release
period, hrs

in Fuel"Q Buaidingj

3, 565
1.65
76

Per R.G. 1.25 and
NUREG/CR-5009

i-n-Reactor Building

3,565

1.2

337 (includes uertainty)

Per R.G. 1.25 a-nd
NUREG/'CR-9509

See Table !5A-2See Table 15A-2

100

10

z" 2001
1

33, 5*

0

2

*N-T-Z. The postulated fuel handling accident in the Fueling Building was
analyzed with a rceduced filter efficiency, based upon the single
f ailu11.reL a.ssum1;ption t h at: one of t:he --- I gency Exhaust Filt

or humidistat.
61H61= L ký! & ~ U~~.~ I~ ILI~ JI U iiHA6H

*Note: The parameter values are consistent to bound the release pathway from

both the fuel building and reactor building.

Rev. 20
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TABLE 15.7-7 (Sheet 2)

h. Activity released to the environment

Fuel Building
Building

0-2 hr (Ci)

Reactor

0-2 hr (Ci)Isotope

T-131
T-133
Xe-!3!m
Xe-!33m
Xe-133
Xe-135
x c;-812

1-130
1-131
1-132
1-133
1-135
Xe-1 31m
Xe-1 33m
Xe-1 33
Xe-1 35m
Xe-1 35
Kr-85m
Kr-85

1.84E+2
3.298E+2
7.1 E+2
1. 90E+3
1.62E+5
1.212E+2
2.62E+3

1.44E-1
4.89E+2
3.91 E+2
8.81 E+1
3.39 E- 1
1 .07E+3
3.48E+3
1.62E+5
1.10E+1
1.61 E+3
2.18E-1
3.38E+3

8.8 E+2
1.5 8E+2

8.6!1E+2
2.2 8E+3
!.32E+5
1.4 5E+2
3.!4E+3

Rev. 20
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TABLE 15.7-8

Moveto RADIOLOGICAL CONSEQUENCES OF A
right side FUEL HANDLING ACCIDENT

of page Ds
of ag ""•Do se ( rem _.TEDEI

Exclusion Area Boundary
(0-2 hr)

Thyrroid
Who le-body

1.4 8E+l!.72E-! I"E+OI

Low Population Zone Outer Boundary
(duration)

Thyroid
Who LQ-body 1.97E+0_1

TI RPeato Buildi n

Exclusion Area Boundary
(0-2 hr)

Thyroid
Who le-body

7.0 9E+!
2.0 4E-!

Low Population Zone
'J'j'j -P Ur ',) Q LU J_ P .4 A r- 17 '." I tLrILd LUIL Q

Thyrroid
r^Th Q_ I e-- ,12) d,

Control Room (30 days)
With emergency HVAC not in operation

9.4.E+0
2.7 2E-2

40e+0 ]

Rev. 20
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from CEDE
APPENDIX 15A (via inhalation)

ACCIDENT ANALYSIS RADIOLOGICAL CONSEQUENCES EVALUATION and EDE (via
MODELS AND PARAMETERS external

exposure)
15A.1 GENERAL ACCIDENT PARAMETERS

This section contains the parameters used in analyzing the radiologica
consequences of postulated accidents. Table 15A-1 contains the genere
parameters used in all the accident analyses. For parameters specifi only to
particular accidents, refer to that accident parameter section. The site
specific, ground-level release, short-term dispersion factors (for / ccidents,
ground-level releases are assumed) are based on Regulatory Guide 1 45 (Ref. 1)
methodology and represent the worst of the 5 percent overall site eteorology
and the 0.5 percent worst-sector meteorology and these are given n Table 15A-2
(see Section 2.3.4 for additional details on meteorology). The ore and -gap
inventories are given in Table 15A-3. The thyroid (via
beta skin, and total-body (via submersion pathway) •ose factors based on
References 27--,a and 3b are given in Table 15A-4. '\[TEDE1

15 .2 OFFSITE RADIOLOGICAL CONSEQUENCES CALCULATIONAL MODELS and
Th s section presents the models and equations uating the

in Eegrated activity released to the environment7-, e accident flow paths,7-an~d
-T - - - - - - - - - - - - - - - - - - - - - - -

__1 e hGIG16ig 8ý'SteM With AQ _iAt-R- _71ý:nal GieanUp aRGI (2) a holdup system

1 A.2.1 ACCIDENT RELEASE PATHWAYS

he release pathways for the major accidents are given in Figure 15A-1. The
ccidents and their pathways are as follows: brought intol lis calculated and

OCA: Tmmpd.;Rte]44Mollowing a postulated o-of-coolant accident (LOCA), the
release of radioac-'ivity from the contain t is to the environm t with the
containment spray and ESF systems in ful !peration. The relea e in this case
is calculated using Equation (8) which takes into account a tw -region spray
model within the containment. The release of radioactivity the environment
due to assumed ESF system leakages in the auxiliary buildi 1will be via ESF
filters and is calculated using Equation (5) . TA addit~ien1 •he release of
radioactivity to the environment due to assumed ECCS bound y valves leakage
through RWST is calculated using Equation (11). In addition, the release of

radioactivity to the environment due

The equations for dose calculations are consistent
with those presented in References 4, 5, and 6 for
the RADTRAD computer code.

to assumed containment mini-purge
is calculated.

15A-1 Rev. 14



over a WOLF CREEK
two-hour
period.

WGDTR: The ac vity release to the environment due to waste gas decay tank
rupture (WGDTR) will be direct and unfiltered, with no holdup. The release
pathway is A'-D.\ The total activity release in this case is therefore assumed
to be the initial source activity itself.

FHA: The release t the environment due to a fuel handling accident (FHA) in
the fuel building i via filters following the actuation of the emergency
exhaust system. The elease pathway is B-C-D. Since the release is calculated
without any credit f holdup in the fuel building, the total release will be
the unfiltered release for the firRt mi•nute plus the product Gf the in-it-ial-
activt 4 n the fite noreoalefiiec fraction (for noblegssih

nonrcmoval efficiency fraction is 1)- The release of radioactivity to the
environment due to FHA inside the containment is direct and unfiltered, via the
A'-D pathway, and occurs over a two-hour period (actually, the release is via
the non-safety graded filters). The release is.. ca,-,lculated using qut (8)
based on a tw-regin spray-model.from the containment I I(spray removal is not assumed)

CAE: Radioactivity releaseZo the environment du e control assembl ing
ejection (CAE) accident is direct and unfiltered. The release f ; e1
primary system are calculated using equation 5 which consider holdup in the
single-region primary system hc spray removal is not assumed); the secondary
(steam) releases via the relief va re calculated without any holdu The
pathways for these releases are A-D and A'- .- (excluding noble gases) d

MSLB, SGTR: Radioactivity release to the environment due to main steam ine
break (MSLB) or steam generator t rupture (SGTR) accidents are direct d
unfiltered with no holdup via th A'-D pathway. The activity release \

calculations for these accident are complex, i" olving spiking effects, ti e-
dependent flashing fractions, nd scrubbing of lashed activities; the rele se
calculations are described in those sections tha address these accidents.

04- ••2T<•.2-•in the steam

Releases of noble
Sr e GI - gases are direct

affected SO The releases from the primary system into the and unfiltered.

intact steam generators are calculated
considering holdup in the primary system
(excluding noble gases); the secondary (steam)
releases via the relief valves are calculated with
holdup in the steam generators. Releases of
noble gases are direct and unfiltered.

Locked Rotor: The releases from the primary system into the steam generator due to locked
rotor are calculated considering holdup in the primary system (excluding noble gases); the
secondary (steam) releases via the relief valves are calculated with holdup in the steam
generators. Releases of noble gases are direct and unfiltered.

15A-2 Rev. 19
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System, -e - 4

? da a-y eM=- constantGR ,- eee-t

primary hdup r-ate-, -ae

4r= ýp;;r-a- :r-emval cons-tan-t (4i-.e. spr-ays,
plateout-, et ) , aý-

T t- dý -a Page rateQ t-o th a&mspher-e fl primarty oup syste

Rj-- = •• • (isc

This yields:
- h- -

1 5 A 2---. TWO-REFýGION SPP-Ay MODEL TN CNANET(OA

A t;wo-region spray model is used to calculate the integrated activity released
to the environment. The model consists of a sprayed and unsprayed region in
containment and a constant mixing rate between them.

As it is assumed that there are no sources after initial release of the fission
products, the rema ining processes are rem-ova-l and transfer o thlat the

if ens bd by a Sstem f ou d ffirst-order
diff:e~rential equations of the foQrm

t=, -N4 4 4-4 -N4

15A-3 Rev. 14
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whe~re

AL =fission product activity in volume i, Ci

4 number of volumes considered in the model

Stransfer rate from volume i to volume 1, ccsecG

_V, volume of the ith compartment, cc

removal rate of the jth removal process

in. vcoJume ---i, -5eeL

5 = total number of removal processes in volume i

This system of equations is readily solved if the coefficients are known.

FTor a two-region m•del, the above system reduces to

dA=; _ _ 1 ý =; lA,

Upon solving this coupled seRt- o-f differ-enti-al equations nueialthe
release rate of activity is found from

The integrated activity rel easedfr. omr• ti = mL h is sh;o.wn in the following
equation w hich is solved numerically.

15A-4 Rev. 14
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TWO-REGION RELEASE MODEL FOR LEAF•.GE THROUGH RWSTI5A..2.3b

It is Assumed thAt the activity released t. the holdup system (in thls c.a.,
the containment recirculation sump) instantaneously diffuses to uniformly

p th su- ov hanisms•OrOM the SUMP include ds ecay Xad
=Please (i e., leaage) to the T The rease rate From the RWST to the

w Ro I4t) the unfiltered
Ci,'sec-

------- --- A &IMAW 645 &R.Ntj I

zh- assumed percent of rade odipe
that- becomes airbornle-

released to the RWST

p release rate constant for leakage from the RWST to the
ebasted on an assumed leak rate from the Sump that is
Uniformly -mi-Xed -in the -RW-ST- volume, sec~l

A. (t) - RWSTatit.C

ml---- nr.• m ---- •-' --- '
OWNe tAW-M SMJLIV LV UdA LC dQU-4-A.I.U zt

A2 (t) - Activity in RMST + -Activity from SUMP
- Activity released to environment

41-0)

w44e4-~ ~Vi 4 - reeaps rate const.at -for leakage from the Uniformly mixed sump
to the RWST, based on an assumed leak rate from the sump to the
RWST, sec="

- decay removal constant. se,"

The integrated release from the RWST is gi wow -by

JA.4--= f a44 14 f A(t-)d-
an a

and. is calcgulated numerical'Ai' b,' usina Eouation (10)-

411)

15A-5 Rev. 14
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15A.2.4 OFFSITE THYROID DOSE CALCULATION MODEL

nVV 4- 0 K A •4-4------ w "wn wwmý" w-w w"wm Wý

- cIAf 4sR4-(G14 (12)

wu'emro4

amnd4K4

(c,'QV

- integrated activity of isotope i released*
during the time interval j in Ci

- breathing rate during time interval j in

- Off-site atmospheric dispersion fac~tor during
time -interval 1 in second/Mese,

4QcYY-?4!i - thyroid dose conversion factor via inhalation
for isotope i in rem/Ci

QT5 - thyroid dose via inhalation in rems

*No credit is taken for cloud depletion by ground deposition and radioactive
decay during transport to the exclusion area boundary or the outer boundary of

Rev. 14
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15 OFFSITE TOTAL-BODY DOSE CALCULATIONAL MODEL

Assuming a semi -fin ite cloud of gamma emitters, offsit - doses are
calculated using the equation:

--- -7-=-- (IAR4)~ (Gý,Q)k

4 4

Sintegrated activity of isotope i released.
during .t -k- jL time, int~erval in CA

= offsite atmospheric dispersion factor during
time interval J in secend!•tea4;4 (~G 1/ 0)

f isotopehi r-em-mneter'+4=C-pe.g

DT-- total-body dose in reins

15A.3 CONTROL ROOM RADIOLOGICAL CONSEQUENCES CALCULATIONAL
MODELS

Only radiation doses to a control room operator due to postulated LOCA are
presen-ed iA this chapter since a study of the radiological cons.quences. the
control room due to var•i•us postulated acienmt indcat that the LCA i the

limiting cas.

15.A.--1 INTEGRATED ACTIVITY IN CONTROL ROOM

Make-up air is brought into the control room via the control room filtration
system which draws in air from the control building. Outside air is brought
into the control building through safety grade filters via the control room
pressurization fan. Some unfiltered air also may leak into the control
building via an assumed inleakage rate. The activity concentrations at the
control building intake for each time interval are found by multiplying the
activity release to the environment by the appropriate c/Q for that time
interval. The flow path model is shown below.

*NQ credit is taken fkr cloud depletion by ground deposition and-rdoatv
decay during transport to the ex.lusio ar•ea boaunda or the ••uter bounda• • oG
the low-populatai
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(F+) (F34+F 6)

e F5n

outlakag F1l+F2+ F6)(l+ (3+4

vr filtert

Oneatvt sbruh notecoto ulig mxn ihntecontrol

bidn control F4 control
f inleakage Fa building roomn ý(F3+F4+F6
me F6----

n outleakage (FI+F2+ P F6)-(1-0 ) (F3+F4)
t

Once activity is brought into the control building, mixing within the control
building is afforded by the control room pressurization fan. The control room
filtration system fan takes air from the control building and the control room
(recirculation) and discharges to the control room through the control room
filtration safety grade filters. The radiological analysis input parameters
are provided in Table 15A-1.

The control room ventilation isolation signal (CRVIS) starts both trains of the
control room pressurization system and the control room filtration system. For
the determination of dose to control room personnel, the worst single failure
has been ascertained to be the failure of the filtration fan in one of the two
filtration system trains.

Prior to operator action, a potential pathway would exist allowing air from the
control building to enter the control room, bypassing the control room
filtration filters. Operator action is required to ensure no bypass pathways
then exist for unfiltered air to enter the control room.

Owning to this single failure of the control room filtration fan, the assumed
failure of one of the two containment spray (CS) trains, and two of the four
hydrogen mixing subsystem fans, inherent in the LOCA analysis parameters given
in Table 15.6-6 should not be applied in this analysis. With both trains of CS
and four hydrogen mixing fans operating, more volumetric coverage of the
containment spray and more mixing between the new sprayed and unsprayed regions
would be expected, thereby giving much greater J-i-n- removal ithin the
containment atmosphere. Howeverc, the doseg; to: control roo pe onnol haveQ been
based on the LOCA analysis parameters given in Table 15.6-6.

of iodine and
particulates
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The activity in the contro l b Au ..in and contron l roo. m is calculated by solving

the following coul.ed set f fi• rder dif ti equations

dAcsG EH - . - -I- E - vý 4AC 4

wE --

AE4

Sactivity 1-4 cont~rol building a4- tit 4;7,
cur ies

=ativity "-cntrol at- te t-, i-r-e

= ý ý4ý efficiency,- frgation

= • - •G4Y f~actor,

unfiltered ointa!k (inleakagen , mete¾4s-l-

= atmospheric perS4-i•- o ant, r, -SeGLme-ef

= • - a • • =h cnto

ax 4 4@. Sc--t &e qn p 1 5A 3;1 -~ nd 1 5A 2 21

-+= -a 4 .g -'t-3- t-Q-t-- " "a rat

buildin 4h-e Uo4t4 k4444g •e-e =(-•)(~_4• b-

-n tr-o buildingf t
IS~-G444g 4I~a r-(Gnstzan4-t--,~ ~

buldn -ý-4 -(FI -+-~ UZ ~-+- ý (10) 93 4 ) ithVe

= •- roe A •cotrl uidi3tn Q• p 3:conro building Mxn o ipIp ee
eeem

= unfilItere4d ;ýIcw f-IQ (gp~:lb ý aic p

-3I

15A-9 Rev. 14



WOLF CREEK

7ýcd c ÷ V44 -T- ratg from 4 4h4r-oQn t r -o l r- 4 m g () M

= recirculation r -emoval l-at- 4=1nE4zLe_ wi-t-h
E_ 4 recircubation f rat "4 ee-
s throGugh ýElkr wit efjG:Pý I a-PA

V_, ben contrQ1ro ol lic -" fftet

l4kage-o control bu-ilig t tAo centre!

0 fraction o-Z control r-oom ou-ieakage wtth rzetu t-G t4e

control building mixing Tom

Le = c onr - d-irp-t: unfiltered Itn-a-ke,

Upsoolving th4- coup4led' set d-f-e,-•-n thqe ite 4
ativit-y -- te cotrol ro -IAeL -i-& determincd by the expression

4

This I-eR-4 I-& ilsp t-oclilac the4 d4oes -tG thý operator- " the&
control Th activity 4-& multiplied bhy a-n occupancy 1
accountsor- the time fragtion t-he operator i- " the4 control- room.

15-A.-3-.2 CONTROL R RLM THYRQOID D CALCULATIONAL DOT4MQ

GQ-t-rl ro4om thyroid dosps v4-a inhalatin p.t.h.w.ay a-re Gaculated usig th-e
following equation:

DqhP- Y. _,Df~~ -741Anp j2 x

a•4
D~CR = ntse- r-oom tbyre-Gd d-o-se r~ emr

BR~ ~~~~ b4 a~t~a I-t a, a~e to ha--as -. 4-2 x -74

eR_ &fs t4e -otro-l r-go in1 oth me-be-a-s

DCFh 4= thyroid do-s conve;rsion fgQtQ32 t-o-s adult
v-i-a inhalation -i- seMi t-G- !S-t-pa i
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TAe~ij= -@ 4 act-iiYt i-n Qotro = -Q•Q i-

= ontrol rGM oGGcupancGy fratio

15A--.43 CONTROL ROOM BETA-=N ...... Q CA T•TQnAT MODE

-e betq--k4n dosets t-a control roo opeato a-re Qalculatpd Using t-1e
following equation:

I-
4IAeR~jI XO~~

4- 4

wh-fs_; nb-R as4 DG4 -are th beth;s4~n dQRR 144 the control- sooe

i-n r-e5 anpd t-he hetA--kin dose caoneso Ls-- isotope 4 i-n -emmees-•-+i-=
a-eo- respeCtj ely The -th -- symbols a-se explined - Section !5A.22.

15-.A-24 CONTROL RooM TOTAL-BODY D02R CALCULATION

the 4Q-lP& hsitrutue -• -te contro-l rsom, 4h tetal-body gamma doses 4G
a conro s-m o - w-i-l- e substanti ;a1 1 les than what they wcu-d be due
t-o ' mmesn 4-n an i -n4fin-ite Qid o4a- gamma emJ4-the-- T he g-- o d Gamma
do-sE-s a-se calc;1ated using Murphy's ip 4 (-Re4-f 4-4- whig- moe~-Is Th& onot-o-l
S a-& a hisphere- T"he following equation -s -

I 4 Df-4Fqp ±4 :j
4j

wheare

GR = r-eductiAon due -o co-n-trsol -s geometry

tat=-boy dse 4- The e!-t-A ao-- room 4-n sem,

and4 o--sl qua nti~tie-s hawý; beesA de4;f-Id 4- su-bpectionsA 15~A-S-2 5 and 15A. -ý
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WOLF CREEK

Model for Radiological Consequences Due to Radioactive
Cloud External to the Control Room

This dose is calculated based on the semi-infinite cloud model which is
modified using 4-- protection factors described in Section 7.5. of Reference 5
to account for the control room walls.
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TABLE 15A-I

PARAMETERS USED IN ACCIDENT ANALYSIS

3637 (includes
uncertainty)

I. General

1.
2.
3.
4.
5.
6.

Core power level, Mwt
Full-power operation, days per cycle
Number of fuel assemblies in the core
Maximum radial peaking factor
Percentage of failed fuel
Steam generator tube leak, lb/hr

193
1.65
1.0
500

II. Sources

1. Core inventories, Ci Table 15A-3I-'-• Cap inventories, Ci Table !5A 3i3- Primary coolant specific activities,•__Ci/gm Tbe1.-

specification ioines - I-
131 dose equivalent, gCi/gm•-- 1.0

5. Secondary coolant activity technical
specification limit for iodines - I-

3. Primary
coolant
activity,

131 dose equivalent, gCi/gm 0.1

III. Activity Release Parameters

1. Free volume of containment, ft 3

2. Containment leak rate
i. 0-24 hours, % per day
ii. after 24 hrs, % per day

IV. Control Room Dose Analysis (for LOCA)

2.5 x 106

0.2
0.1

technical
specification
limit for noble
gas - Xe-i133
dose
equivalent,
microCi/gm1.Control building

i. Mixing volume, cf
ii. Filtered intake, cfm

Prior to operator
action (0-1.5 hours)
After operator action
(1.5 hours-720 hours)

iii. Unfiltered inleakage, cfm
iv. Filter efficiency

(all forms of
iodine), %

239,000

->1350

_>675

95

Rev. 14 1



WOLF CREEK

TABLE 15A-1 (Sheet 2)

2. Control room
i. Volume, cf 100,000
ii. Filtered flow from control

building, cfm <550(*)
iii. Unfiltered flow from control

building, cfm
Prior to operator action <550(*)
(0-1.5 hours) After operator
action (1.5 hours - 720 hours) 0

iv. Filtered recirculation, cfm >1250
v. Filter efficiency (all forms of

iodine), % 95

(*)NOTE: Flows possible per train with two trains
balanced for 400 cfm.

in operation. Each train is

3" To' al PI o'.. ' Sunmmar-y (Filtered plus

a. Control Room Preccusrization
b. Control Room Filtration
1.. houro In Pssur720 houar tio
a. Control RooRm- -Pro= Pcur s--:I;;atn
bh. CoA-nt# rol- Roo AM. Filt#rat #ioAn

:±1650()
~-E-100

ýt975s(**+
-E550

(**)NOTE: in.ludo. 300 fm. of unfto.ro.d Control Bldg inleakage.

;J-4
A vxl-a)ap# 124 1 AAr

Efficieney(all form . of iedin') ,)

V. Miscellaneous

l.Atmospheric dispersion factors, X/Q sec/m3
2.Dose conversion factors

-oA± noRR' 'n noua 4z)P# . r;; RKI

3.Breathing rates, meter 3 /sec
i. control room at all times
ii. offsite

0-8 hrs
8-24 hrs
24-720 hrs

4.Control room occupancy fractions
0-24 hrs
24-96 hrs
96-720 hrs

vv• i

Table 15A-2

Table 15A-4
b 15A 4

3.5

1.81 1. 75
2.32

x
x
x

10-4
10-4
10-4

1.0
0.6
0.4

Rev. 14 1
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TABLE 15A-2

LIMITING SHORT-TERM ATMOSPHERIC DISPERSION FACTORS
(X/Qs) FOR ACCIDENT ANALYSIS

(sec/meter 3 )

Location Type/
Time Interval

(hrs)

Site bounda_
0-a ff_

x/Q
(Sec/Meters 3 )

1.1SE 40E-41

9-2 Low-population

2-8 828-24
24-96
96-720

zone

96 720

\ via containment leakaqE_4

2.OE 5
1. 3E 5
5.4E 6
i.5FE 6

6.8E 5
1. 7E -5
-9

4.50E-5
2.39E-5
1.29E-5
5.49E-6
1.61 E-6

Cete!re (i-ui en xhut

Q's l

Rev. 0
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Control room

Equipment Hatch (LOCA Containment Leakage, CAE Containment Leakage, FHA)
0-2 5.44E-4
2-8 4.35E-4
8-24 1.62E-4
24-96 1.22E-4
96 - 720 8.70E-5

Unit Vent Exhaust (LOCA Mini-Purge & ECCS Leakage, MSLB Faulted SG, Letdown Line Break)
0-2 6.12E-4
2-8 4.38E-4
8-24 1.79E-4
24-96 1.14E-4
96 - 720 8.94E-5

RWST Vent (LOCA RWST Backleakage, WGDTR, Liquid Waste Tank Failure)
0-2 6.80E-4
2-8 6.19E-4
8-24 2.27E-4
24-96 1.96E-4
96-720 1.53E-4

MSSV (MSLB Intact SGs, Loss of AC Power, Locked Rotor, CAE Primary-to-Secondary Leakage, SGTR)
0-2 1.04E-3
2-8 7.46E-4
8-24 3.03E-4
24-96 1.90E-4
96-720 1.39E-4
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TABLE 15A-3

lCore inventory P) I
FUEL AND ROD GAP INVENTORIES CORE (Ci)

lReplace owith Insert K 09w

lsete-ý wleý Ga

011531

0-1-34

Kwr83m
Kr 8 5m
9K0-45

Xe 13 3

Xe 133S
Xe 139-5
Xe 137
Xe 137-

9.46Ei7
!.37Ei8

2.15Ei8

!.24Ei7
2.67Ei7
1.02E16

7.28E17
8.94E:?

3.77E17

4.70Ei7
1.71!E:S
1.64E15

9.46E:6
1.37Ei7
1.95E17
2.!5E17
1.53E17

1. 2 45E i
2.67EB6
3.05E15
5.16516
7.25Ei6
5.94E16

1.01E15
6.06E5 i
!.95E17
3.775:6
4.70E:6
1.71Ei7
1.64E17

*Cap activity is as.umed to be 10 percnnt . . f co.r. activity for all isotopes
.... pt for Kr 85; far Kr 55 it is acsumed to be 30 percent of the core activity.
H.w.v.r, gap activity f.r . 131 is assumed t .be M. instead . f 10. of the . r.
activity for fuel handling accident, locked rotor apccident, and red ejoetion
accident analyses to account for extended burnue fuel.
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Isotope
Kr-85m
Kr-85
Kr-87
Kr-88

Xe-131m
Xe-133m
Xe-133

Xe-135m
Xe-135

Xe-138

1-130
1-131
1-132
1-133
1-134
1-135

Cs-134
Cs-136
Cs-137
Cs-138
Rb-86

Te-127m
Te-127

Te-129m
Te-129

Te-131m
Te-132
Sb-127
Sb-129
Sr-89
Sr-90
Sr-91

Core Activity (Ci)
2.69E+07
1.10E+06
5.30E+07
7.12E+07
1.05E+06
6.06E+06
2.01E+08
4.39E+07
4.06E+07

1.80E+08

1.98E+06
1.01E+08
1.49E+08
2.10E+08
2.36E+08
2.OOE+08
1.65E+07
3.95E+06
1.11E+07
1.96E+08
1.86E+05
1.49E+06
9.09E+06
5.04E+06
2.66E+07
1.99E+07
1.45E+08
9.23E+06
2.85E+07
9.98E+07
8.51E+06
1.25E+08

Isotope
Sr-92

Ba-139
Ba-140
Ru-103
Ru-105
Ru-106
Rh-105
Mo-99

Tc-99m

Ce-141

Ce-143
Ce-144
Pu-238
Pu-239
Pu-240
Pu-241
Np-239

Y-90
Y-91
Y-92
Y-93

Nb-95
Zr-95
Zr-97
La-140
La-142
Nd-147
Pr-143

Am-241
Cm-242
Cm-244

Core Activity (Ci)
1.33E+08
1.87E+08
1.79E+08
1.56E+08
1.08E+08
4.79E+07
1.OOE+08
1.91E+08
1.69E+08

1.69E+08

1.59E+08
1.30E+08
2.10E+05
2.70E+04
4.20E+04
1.06E+07
1.94E+09
8.88E+06
1.30E+08
1.35E+08
1.52E+08
1.76E+08
1.74E+08
1.75E+08
1.85E+08
1.64E+08
6.57E+07
1.55E+08
9.94E+03
2.82E+06
2.11E+05
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TABLE 15A-4

DOSE CONVERSION FACTORS USED

lReplace with Insert L I

IN ACCIDENT ANALYSIS

Tetal-Bedy

1:132
i1133

114354

i iE;44
Kr-- 8 3~
Kra 8 5

Xe 133

3. 72Es-2
5.1i3E1
155E1
532Es-1
4.21E 1
2 .40E 6
3.71E 2
5 .11E4

4.67E 1
5.27E 1

9.33E-3
9.91E•2
E5.75E-2
4.51E 2
2. 8gB 1:

3.179 2
1. 32E 1
7.35E-2

4.25E 2

3•.9E 1

4.2"9 2 G

7.92B 2
3.20E 1
1. 5I -B2
3. 15EB2
9. 7GB 3
2.25E 2

3. 87B1i
1. 3 lB

Thyreld
PRem,/L

1.49B16
1.143Bi1
2.69915
3.:73E 3

NA
NA

NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
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Nuclide CEDE EDE

(Sv/Bq) (Svm 3/Bq-sec)

Kr-85m NA 7.48E- 15

Kr-85 NA 1.19E- 16

Kr-87 NA 4.12E- 14

Kr-88 NA 1.02E- 13

Xe-131m NA 3.89E-16

Xe-133rn NA 1.37E-15

Xe-133 NA 1.56E- 15

Xe-135rm NA 2.04E- 14

Xe-135 NA 1.19E-14

Xe-138 NA 5.77E- 14

1-130 7.14E-10 1.04E-13

1-131 8.89E-9 1.82E-14

1-132 1.03E-10 1.12E-13

1-133 1.58E-9 2.94E-14

1-134 3.55E-1 I 1.30E-13

1-135 3.32E-10 7.98E-14

Cs-134 1.25E-8 7.57E-14

Cs- 136 1.98E-9 1.06E- 13

Cs-137 8.63E-9 2.88E-14

Cs-138 2.74E-11 1.21E-13

Rb-86 1.79E-9 4.81E-15

Te- 127m 5.81E-9 1.47E- 16

Te-127 8.60E-11 2.42E-16

Te- 129m 6.47E-9 1.55E-15

Te-129 2.42E-1 1 2.75E-15

Te-131m 1.73E-9 7.01E-14

Te- 132 2.55E-9 1.03E-14

Sb-127 1.63E-9 3.33E-14

Sb-129 1.74E-10 7.14E-14

Sr-89 1.12E-8 7.73E-17

Sr-90 3.51E-7 7.53E- 18

Sr-91 4.49E- 10 3.45E- 14

Sr-92 2.18E- 10 6.79E- 14

Ba-139 4.64E-11 2.17E-15

Ba-140 1.01E-9 8.58E-15



Nuclide CEDE EDE
(Sv/Bq) (Svm 3/Bq-sec)

Ru- 103 2.42E-9 2.25E-14

Ru-105 1.23E-10 3.81E-14

Ru-106 1.29E-7 0

Rh-105 2.58E-10 3.72E-15

Mo-99 1.07E-9 7.28E- 15

Tc-99m 8.80E- 12 5.89E- 15

Ce- 141 2.42E-9 3.43E-15

Ce-143 9.16E-10 1.29E-14

Ce-144 1.01E-7 8.53E-16

Pu-238 1.06E-4 4.88E-18

Pu-239 1.16E-4 4.24E- 18

Pu-240 1.16E-4 4.75E- 18

Pu-241 2.23E-6 7.25E-20

Np-239 6.78E-10 7.69E-15

Y-90 2.28E-9 1.90E- 16

Y-91 1.32E-8 2.60E- 16

Y-92 2.1IE-10 1.30E-14

Y-93 5.82E- 10 4.80E- 15

Nb-95 1.57E-9 3.74E-14

Zr-95 6.39E-9 3.60E-14

Zr-97 1.17E-9 9.02E- 15

La-140 1.31E-9 1.17E-13

La- 142 6.84E- 11 1.44E- 13

Nd- 147 1.85E-9 6.19E- 15

Pr-143 2.19E-9 2.10E-17

Am-241 1.20E-4 8.18E- 16

Cim-242 4.67E-6 5.69E- 18

Cm-244 6.70E-5 4.91 E- 18
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Insert Appendix 15B

Appendix 15B: Regulatory Guide 1.183, Revision 0 "Alternative Radiological Source Terms for
Evaluating Design Basis Accidents at Nuclear Power Plants" - Conformance Tables

NOTE: In Tables 15B-1 - 15B-7, the text shown in the "RG Position" columns is taken from
Regulatory Guide 1.183. Therefore, references to footnotes, tables, and numbered references
may be found in the regulatory guide.

Table 15B-1

Table 15B-2

Table 15B-3

Table 15B-4

Table 15B-5

Table 15B-6

Table 15B-7

Conformance with Regulatory Guide 1.183, Revision 0 Main Sections

Conformance with Regulatory Guide 1.183, Revision 0 Appendix A (Loss-of-Coolant-

Accident)

Conformance with Regulatory Guide 1.183, Revision 0 Appendix B (Fuel Handling
Accident)

Confonnance with Regulatory Guide 1.183, Revision 0 Appendix E (PWR Main Steam
Line Break)

Conformance with Regulatory Guide 1.183, Revision 0 Appendix F (PWR Steam

Generator Tube Rupture Accident)

Conformance with Regulatory Guide 1.183, Revision 0 Appendix G (PWR Locked Rotor
Accident)

Conformance with Regulatory Guide 1.183, Revision 0 Appendix H (PWR Rod Ejection
Accident)

15B-1



REGULATORY GUIDE 1.183 COMPARISON

Table 15B-1 Conformance with Regulatory Guide 1.183, Revision 0 Main Sections

RG
Section RG Position Analysis Comments

3.1 The inventory of fission products in the reactor core and available for Conforms The inventory of fission products in the reactor core
release to the containment should be based on the maximum full power and available for release to the containment was based
operation of the core with, as a minimum, current licensed values for on the maximum full power operation with a core
fuel enrichment, fuel burnup, and an assumed core power equal to the thermal power of 3637 MWt (102% of 3565 MWt
current licensed rated thermal power times the ECCS evaluation nominal power).
uncertainty. 8 The period of irradiation should be of sufficient duration Core design parameters (enrichment, burnup, and
to allow the activity of dose-significant radionuclides to reach MTU loading) are based on the cycle 19 core design.
equilibrium or to reach maximum values. 9 The core inventory should be Margin is added to the EOC core inventory,
determined using an appropriate isotope generation and depletion calculated with ORIGEN-S, to account for potential
computer code such as ORIGEN 2 (Ref. 17) or ORIGEN-ARP core design differences in future cycles. The
(Ref. 18). Core inventory factors (Ci/MWt) provided in TID 14844 and magnitude of this margin is based on sensitivity
used in some analysis computer codes were derived for low burnup, low studies that consider variations in enrichment and
enrichment fuel and should not be used with higher bumup and higher burnup.
enrichment fuels.

3.1 For the DBA LOCA, all fuel assemblies in the core are assumed to be Conforms For the DBA LOCA, all fuel assemblies were
affected and the core average inventory should be used. For DBA assumed to be affected and the core average inventory
events that do not involve the entire core, the fission product inventory was used.
of each of the damaged fuel rods is determined by dividing the total A peaking factor of 1.65 was used for DBA events

core inventory by the number of fuel rods in the core. To account for that do not involve the entire core (fuel handling
differences in power level across the core, radial peaking factors from accident, rod ejection, locked rotor), with fission
the facility's core operating limits report (COLR) or technical product inventories for damages fuel rods determined
specifications should be applied in determining the inventory of the by multiplying the total core inventory by the fraction
damaged rods. of damaged rods.

3.1 No adjustment to the fission product inventory should be made for Conforms No adjustments for less than full power were made in
events postulated to occur during power operations at less than full any analysis.
rated power or those postulated to occur at the beginning of core life. For the fuel handling accident, 76-hours of
For events postulated to occur while the facility is shutdown, e.g., a fuel radioactive decay after shutdown was modeled.
handling accident, radioactive decay from the time of shutdown may be
modeled.
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Table 15B-1 Conformance with Regulatory Guide 1.183, Revision 0 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

3.2 The core inventory release fractions1 °10 , by radionuclide groups, for the Conforms For the LOCA event, the core inventory release
gap release and early in-vessel damage phases for DBA LOCAs are fractions, by radionuclide groups, for the gap release
listed in Table 1 for BWRs and Table 2 for PWRs. These fractions are and early in-vessel damage phases in Table 2 were
applied to the equilibrium core inventory described in Regulatory utilized.
Position 3.1.

Table 2
PWR Core Inventory Fraction Released Into Containment

Gap Early
Release In-Vessel

Group Phase Phase Total
Noble Gases 0.05 0.95 1.0
Halogens 0.05 0.35 0.4
Alkali Metals 0.05 0.25 0.3
Tellurium Metals 0.00 0.05 0.05
Ba, Sr 0.00 0.02 0.02
Noble Metals 0.00 0.0025 0.0025
Cerium Group 0.00 0.0005 0.0005
Lanthanides 0.00 0.0002 0.0002

3.2 For non-LOCA events, the fractions of the core inventory assumed to be Conforms For non-LOCA events, the fraction of the core
in the gap for the various radionuclides are given in Table 3. The release inventory assumed to be in the gap by radionuclide
fractions from Table 3 are used in conjunction with the fission product group in Table 3 were utilized in conjunction with the
inventory calculated with the maximum core radial peaking factor. maximum core radial peaking factor of 1.65. The

Table 311 control rod ejection accident was evaluated per

Non-LOCA Fraction of Fission Product Inventory in Gap Footnote 11 of RG 1.183 (the gap fractions are

Group Fraction assumed to be 10% for iodines and noble gases).

1-131 0.08 To account for possible damage to an assembly with

Kr-85 0.10 high burnup and rod power and to address Footnote

Other Noble Gases 0.05 11, the fuel handling accident used conservatively
Other Halogens 0.05 high gap fractions of 12% for l-131, 30% for Kr-85,

Alkali Metals 0.12 and 10% for all other iodines and noble gases. These
gap fractions were obtained from NUREG/CR-5009.
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Table 15B-1 Conformance with Regulatory Guide 1.183, Revision 0 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

3.3 Table 4 tabulates the onset and duration of each sequential release phase Conforms The Table 4 PWR onset and durations for the DBA
for DBA LOCAs at PWRs and BWRs. The specified onset is the time LOCA releases were utilized in the analysis.
following the initiation of the accident (i.e., time = 0). The early Note that the gap release was modeled beginning at
in-vessel phase immediately follows the gap release phase. The activity 30 seconds and ending in the first half hour in order to
released from the core during each release phase should be modeled as model the early in-vessel release beginning at 0.5 hr.
increasing in a linear fashion over the duration of the phase.' 2 For
non-LOCA DBAs in which fuel damage is projected, the release from
the fuel gap and the fuel pellet should be assumed to occur
instantaneously with the onset of the projected damage.

Table 4
LOCA Release Phases

PWRs BWRs
Phase Onset Duration Onset Duration
Gap Release 30 sec 0.5 hr 2 min 0.5 hr
Early In-Vessel 0.5 hr 1.3 hr 0.5 hr 1.5 hr

3.3 For facilities licensed with leak-before-break methodology, the onset of Not No additional delays in gap release were assumed for
the gap release phase may be assumed to be 10 minutes. A licensee may Applicable the DBA analyses.
propose an alternative time for the onset of the gap release phase, based
on facility-specific calculations using suitable analysis codes or on an
accepted topical report shown to be applicable to the specific facility. In
the absence of approved alternatives, the gap release phase onsets in
Table 4 should be used.
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Table 15B-1 Conformance with Regulatory Guide 1.183, Revision 0 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

3.4 Table 5 lists the elements in each radionuclide group that should be Conforms The Table 5 elements in each radionuclide group were
considered in design basis analyses. utilized in DBA analyses. Note that since RADTRAD

Table 5 is limited to modeling 63 nuclides, certain nuclides

Radionuclide Groups which were deemed to be insignificant from a dose

Group Elements perspective were not included.

Noble Gases Xe, Kr
Halogens I, Br
Alkali Metals Cs, Rb
Tellurium Group Te, Sb, Se, Ba, Sr
Noble Metals Ru, Rh, Pd, Mo, Tc, Co
Lanthanides La, Zr, Nd, Eu, Nb, Pm, Pr

Sm, Y, Cm, Am
Cerium Ce, Pu, Np

3.5 Of the radioiodine released from the reactor coolant system (RCS) to Conforms For releases from the reactor coolant system (RCS) to
the containment in a postulated accident, 95 percent of the iodine the containment, 95% of the iodine released was
released should be assumed to be cesium iodide (CsI), 4.85 percent assumed to be cesium iodide (CsI), 4.85% elemental
elemental iodine, and 0.15 percent organic iodide. This includes iodine, and 0.15% organic iodide.
releases from the gap and the fuel pellets. With the exception of Fission products were assumed to be in particulate
elemental and organic iodine and noble gases, fission products should form with the exception of elemental and organic
be assumed to be in particulate form. The same chemical form is iodine and noble gases,
assumed in releases from fuel pins in FHAs and from releases from the
fuel pins through the RCS in DBAs other than FHAs or LOCAs.
However, the transport of these iodine species following release from
the fuel may affect these assumed fractions. The accident-specific
appendices to this regulatory guide provide additional details.
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Table 15B-1 Conformance with Regulatory Guide 1.183, Revision 0 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

3.6 The amount of fuel damage caused by non-LOCA design basis events Conforms The amount of fuel damage caused by non-LOCA
should be analyzed to determine, for the case resulting in the highest design basis events was analyzed. The conservatively
radioactivity release, the fraction of the fuel that reaches or exceeds the calculated values were reflected in the rod ejection
initiation temperature of fuel melt and the fraction of fuel elements for and locked rotor DBA analyses.
which the fuel clad is breached. Although the NRC staff has
traditionally relied upon the departure from nucleate boiling
ratio (DNBR) as a fuel damage criterion, licensees may propose other
methods to the NRC staff, such as those based upon enthalpy
deposition, for estimating fuel damage for the purpose of establishing
radioactivity releases.

4.1.1 The dose calculations should determine the TEDE. TEDE is the sum of Conforms The dose calculations determine the TEDE and
the committed effective dose equivalent (CEDE) from inhalation and consider all radionuclides that are significant with
the deep dose equivalent (DDE) from external exposure. The regard to dose consequences.
calculation of these two components of the TEDE should consider all Progeny was not included in the dose calculations
radionuclides, including progeny from the decay of parent consistent with previously approved submittals,
radionuclides, that are significant with regard to dose consequences and including:
the released radioactivity. 1 3  o Point Beach Units 1 & 2 - April 2011 (ADAMS

Accession Number ML 110240054)

o Arkansas Nuclear One, Unit 2 - April 2011
(ADAMS Accession Number ML 110980197)

4.1.2 The exposure-to-CEDE factors for inhalation of radioactive material Conforms CEDE Conversion factors for isotopes were taken
should be derived from the data provided in ICRP Publication 30, from Table 2.1 of Federal Guidance Report 11,
"Limits for Intakes of Radionuclides by Workers" (Ref. 19). Table 2.1 "Limiting Values of Radionuclide Intake and Air
of Federal Guidance Report 11, "Limiting Values of Radionuclide Concentration and Dose Conversion Factors for
Intake and Air Concentration and Dose Conversion Factors for Inhalation, Submersion, and Ingestion."
Inhalation, Submersion, and Ingestion" (Ref. 20), provides tables of
conversion factors acceptable to the NRC staff. The factors in the
column headed "•effective" yield doses corresponding to the CEDE.
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Table 15B-1 Conformance with Regulatory Guide 1.183, Revision 0 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

4.1.3 For the first 8 hours, the breathing rate of persons offsite should be Conforms The breathing rates provided were utilized to calculate
assumed to be 3.5 x 10-4 cubic meters per second. From 8 to 24 hours the offsite dose consequences. For determining a
following the accident, the breathing rate should be assumed to be 1.8 x limiting 2-hour EAB dose, a constant breathing rate
10-4 cubic meters per second. After that and until the end of the of 3.5 x 104 cubic meters per second was used.
accident, the rate should be assumed to be 2.3 x 10-4 cubic meters per
second.

4.1.4 The DDE should be calculated assuming submergence in semi-infinite Conforms EDE Conversion factors for isotopes were taken from
cloud assumptions with appropriate credit for attenuation by body Table 111. 1 of Federal Guidance Report 12, "External
tissue. The DDE is nominally equivalent to the effective dose Exposure to Radionuclides in Air, Water, and Soil."
equivalent (EDE) from external exposure if the whole body is irradiated
uniformly. Since this is a reasonable assumption for submergence
exposure situations, EDE may be used in lieu of DDE in determining
the contribution of external dose to the TEDE. Table 111. 1 of Federal
Guidance Report 12, "External Exposure to Radionuclides in Air,
Water, and Soil" (Ref. 21), provides external EDE conversion factors
acceptable to the NRC staff. The factors in the column headed
"effective" yield doses corresponding to the EDE.

4.1.5 The TEDE should be determined for the most limiting person at the Conforms The TEDE was determined for the most limiting
EAB. The maximum EAB TEDE for any two-hour period following the person at the EAB. The maximum two-hour TEDE
start of the radioactivity release should be determined and used in was determined by calculating the postulated dose for
determining compliance with the dose criteria in 10 CFR 50.67.14 The a series of small time increments and performing a
maximum two-hour TEDE should be determined by calculating the "sliding" sum over the increments for successive
postulated dose for a series of small time increments and performing a two-hour periods. This was performed by the
"sliding" sum over the increments for successive two-hour periods. The RADTRAD computer code with constant inputs for
maximum TEDE obtained is submitted. The time increments should atmospheric dispersion factors and breathing rates.
appropriately reflect the progression of the accident to capture the peak
dose interval between the start of the event and the end of radioactivity
release (see also Table 6).

4.1.6 TEDE should be determined for the most limiting receptor at the outer Conforms The TEDE was determined for the most limiting
boundary of the low population zone (LPZ) and should be used in receptor at the outer boundary of the low population
determining compliance with the dose criteria in 10 CFR 50.67. zone (LPZ).
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Table 15B-1 Conformance with Regulatory Guide 1.183, Revision 0 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

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

4.2.1 The TEDE analysis should consider all sources of radiation that will Conforms The TEDE analysis considered all significant sources
cause exposure to control room personnel. The applicable sources will of radiation that would cause exposure to Control
vary from facility to facility, but typically will include: Room personnel. For WCGS, the limiting Control

" Contamination of the control room atmosphere by the intake or Room dose included:
infiltration of the radioactive material contained in the radioactive * Contamination of the control room atmosphere by
plume released from the facility, the intake or infiltration of the radioactive material

" Contamination of the control room atmosphere by the intake or contained in the radioactive plume released from

infiltration of airborne radioactive material from areas and structures the facility,
adjacent to the control room envelope, e Contamination of the control room atmosphere by

" Radiation shine from the external radioactive plume released from the intake or infiltration of airborne radioactive
the facility, material from the Control Building,

" Radiation shine from radioactive material in the reactor containment, * Radiation shine from the external radioactive
" Radiation shine from radioactive material in ssthes rac nt plume released from the facility,
* Radiation shine from radioactive material in systems and

components inside or external to the control room envelope, r Radiation shine from radioactive material in the

e.g., radioactive material buildup in recirculation filters. reactor containment,

o Radiation shine from radioactive material in
Control Room recirculation filters and radioactive
material in the Control Building.

4.2.2 The radioactive material releases and radiation levels used in the control Conforms The radioactive material releases and radiation levels
room dose analysis should be determined using the same source term, used in the Control Room dose analyses were
transport, and release assumptions used for determining the EAB and determined using the same source term, transport, and
the LPZ TEDE values, unless these assumptions would result in release assumptions used for determining the EAB
nonconservative results for the control room. and the LPZ TEDE values.
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Table 15B-1 Conformance with Regulatory Guide 1.183, Revision 0 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

4.2.3 The models used to transport radioactive material into and through the Conforms The models used to transport radioactive material into
control room,' 5 and the shielding models used to determine radiation and through the Control Room, and the shielding
dose rates from external sources, should be structured to provide models used to determine radiation dose rates from
suitably conservative estimates of the exposure to control room external sources, were developed to provide suitably
personnel, conservative estimates of the exposure to Control

Room personnel.

4.2.4 Credit for engineered safety features that mitigate airborne radioactive Conforms Credit for engineered safety features that mitigate
material within the control room may be assumed. Such features may airborne radioactive material within the Control
include control room isolation or pressurization, or intake or Room and Control Building were assumed as
recirculation filtration. Refer to Section 6.5.1, "ESF Atmospheric appropriate. Note that no credit for Control Room
Cleanup System," of the SRP (Ref. 3) and Regulatory Guide 1.52, isolation was modeled for events that rely solely on
"Design, Testing, and Maintenance Criteria for Postaccident radiation monitors.
Engineered-Safety-Feature Atmosphere Cleanup System Air Filtration
and Adsorption Units of Light-Water-Cooled Nuclear Power Plants"
(Ref. 25), for guidance. The control room design is often optimized for
the DBA LOCA and the protection afforded for other accident
sequences may not be as advantageous. In most designs, control room
isolation is actuated by engineered safeguards feature (ESF) signals or
radiation monitors (RMs). In some cases, the ESF signal is effective
only for selected accidents, placing reliance on the RMs for the
remaining accidents. Several aspects of RMs can delay the control room
isolation, including the delay for activity to build up to concentrations
equivalent to the alarm setpoint and the effects of different radionuclide
accident isotopic mixes on monitor response.

4.2.5 Credit should generally not be taken for the use of personal protective Conforms Credit was not taken for the use of personnel
equipment or prophylactic drugs. Deviations may be considered on a protective equipment or prophylactic drugs.
case-by-case basis.
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Table 15B-1 Conformance with Regulatory Guide 1.183, Revision 0 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

4.2.6 The dose receptor for these analyses is the hypothetical maximum Conforms The occupancy factors and breathing rate were
exposed individual who is present in the control room for 100% of the utilized to determine the doses to the hypothetical
time during the first 24 hours after the event, 60% of the time between maximum exposed individual who is present in the
1 and 4 days, and 40% of the time from 4 days to 30 days.16 For the Control Room.
duration of the event, the breathing rate of this individual should be Control Room x/Q values were determined utilizing
assumed to be 3.5 x 10-4 cubic meters per second. the ARCON96 computer code which does not

incorporate occupancy factors. Occupancy factors
were included in the RADTRAD computer code for
the dose evaluations.

4.2.7 Control room doses should be calculated using dose conversion factors Conforms The DDE from photons was corrected for the
identified in Regulatory Position 4.1 above for use in offsite dose difference between finite cloud geometry in the
analyses. The DDE from photons may be corrected for the difference Control Room and the semi-infinite cloud assumption
between finite cloud geometry in the control room and the semi-infinite used in calculating the dose conversion factors by the
cloud assumption used in calculating the dose conversion factors. The given equation. This correction was performed by the
following expression may be used to correct the semi-infinite cloud RADTRAD computer code.
dose, DDEc', to a finite cloud dose, DDEfinite, where the control room is
modeled as a hemisphere that has a volume, V, in cubic feet, equivalent
to that of the control room (Ref. 22).

DDEt = DDE_0. 338

Efinte - 1173

4.3 The guidance provided in Regulatory Positions 4.1 and 4.2 should be Conforms Exception - The current TID-14844 accident source
used, as applicable, in re-assessing the radiological analyses identified term will remain the licensing basis for equipment
in Regulatory Position 1.3.1, such as those in NUREG-0737 (Ref. 2). qualification and NUREG-0737 evaluations other
Design envelope source terms provided in NUREG-0737 should be than Control Room and Technical Support Center
updated for consistency with the AST. In general, radiation exposures to doses.
plant personnel identified in Regulatory Position 1.3.1 should be
expressed in terms of TEDE. Integrated radiation exposure of plant
equipment should be determined using the guidance of Appendix I of
this guide.
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Table 15B-1 Conformance with Regulatory Guide 1.183, Revision 0 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

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

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

Conforms The DBAs were updated for consistency with the
TEDE criterion in Table 6 for offsite doses and in 10
CFR 50.67(b)(2)(iii) for the Control Room and
Technical Support Center doses.

10 CFR 50.67(b)(2)(iii).
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The column labeled "Analysis Release Duration' is a summary of the
assumed radioactivity release durations identified in the individual
appendices to this guide. Refer to these appendices for complete
descriptions of the release pathways and durations.
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Table 15B-1 Conformance with Regulatory Guide 1.183, Revision 0 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

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

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

5.1.3 The numeric values that are chosen as inputs to the analyses required by Conforms The numeric values that were chosen as inputs to the
10 CFR 50.67 should be selected with the objective of determining a analyses required by 10 CFR 50.67 were selected
conservative postulated dose. In some instances, a particular parameter with the objective of determining a conservative
may be conservative in one portion of an analysis but be postulated dose.
nonconservative in another portion of the same analysis. For a range of values, the value that resulted in a

conservative postulated dose was used.

5.1.4 Licensees should ensure that analysis assumptions and methods are Conforms Licensee has ensured that analysis assumptions and
compatible with the ASTs and the TEDE criteria, methods are compatible with the AST and the TEDE

criteria.
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Table 15B-I Conformance with Regulatory Guide 1.183, Revision 0 Main Sections
(cont.)

RG
Section RG Position Analysis Comments

5.3 Atmospheric dispersion values (X/Q) for the EAB, the LPZ, and the Conform The re-calculation of atmospheric dispersion factors

control room that were approved by the staff during initial facility was performed for the EAB and LPZ using the NRC

licensing or in subsequent licensing proceedings may be used in computer code PAVAN according to the guidance of

performing the radiological analyses identified by this guide. RG 1.145 and for the control room and TSC intakes

Methodologies that have been used for determining X/Q values are AR wONeleaccord ing the guda cof ur co94

documented in Regulatory Guides 1.3 and 1.4, Regulatory Guide 1.145,T ARCON96 according to the inte alaof RG 1.194.

"Atmospheric Dispersion Models for Potential Accident Consequence

Assessments at Nuclear Power Plants," and the paper, "Nuclear Power collected in accordance with WCGS site-specific

Plant Control Room Ventilation System Design for Meeting General measurements program and RG 1.23.

Criterion 19" (Refs. 6, 7, 22, and 28).

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

Meteorological Programs" (Ref. 30). All changes in X/Q analysis
methodology should be reviewed by the NRC staff.
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Table 15B-2 Conformance with Regulatory Guide 1.183, Revision 0 Appendix A (Loss-of-Coolant-Accident)

RG
Section RG Position Analysis Comments

I Acceptable assumptions regarding core inventory and the release of Conforms Assumptions regarding core inventory and the release
radionuclides from the fuel are provided in Regulatory Position 3 of this of radionuclides from the fuel were obtained from
guide. Regulatory Position 3 of RG 1.183.

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

3.1 The radioactivity released from the fuel should be assumed to mix Conforms The radioactivity released from the fuel was assumed
instantaneously and homogeneously throughout the free air volume of to mix instantaneously and homogeneously
the primary containment in PWRs or the drywell in BWRs as it is throughout the region of containment not impacted by
released. This distribution should be adjusted if there are internal sprays as it was released. Recirculation fans provide a
compartments that have limited ventilation exchange. The suppression mechanism for mixing between the sprayed and
pool free air volume may be included provided there is a mechanism to unsprayed portions of containment.
ensure mixing between the drywell to the wetwell. The release into the
containment or drywell should be assumed to terminate at the end of the
early in-vessel phase.

3.2 Reduction in airborne radioactivity in the containment by natural Conforms No natural deposition was assumed for elemental or
deposition within the containment may be credited. Acceptable models organic iodine. A sedimentation removal coefficient
for removal of iodine and aerosols are described in Chapter 6.5.2, of 0.1 hr' for particulates was credited. This is
"Containment Spray as a Fission Product Cleanup System," of the consistent with previously approved submittals,
Standard Review Plan (SRP), NUREG-0800 (Ref. A-1) and in including:
NUREG/CR-6189, "A Simplified Model of Aerosol Removal by * Point Beach Units I & 2 - April 2011 (ADAMS
Natural Processes in Reactor Containments" (Ref. A-2). The latter Accession Number ML 110240054)
model is incorporated into the analysis code RADTRAD (Ref. A-3).
The prior practice of deterministically assuming that a 50% plateout of
iodine is released from the fuel is no longer acceptable to the NRC staff
as it is inconsistent with the characteristics of the revised source terms.
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Table 15B-2 Conformance with Regulatory Guide 1.183, Revision 0 Appendix A (Loss-of-Coolant-Accident)
(cont.)

RG
Section RG Position Analysis Comments

3.3 Reduction in airborne radioactivity in the containment by containment
spray systems that have been designed and are maintained in
accordance with Chapter 6.5.2 of the SRP (Ref. A-1) may be credited.
Acceptable models for the removal of iodine and aerosols are described
in Chapter 6.5.2 of the SRP and NUREG/CR-5966, "A Simplified
Model of Aerosol Removal by Containment Sprays"' (Ref. A-4). This
simplified model is incorporated into the analysis code RADTRAD
(Refs. A-I to A-3).

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

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

Conforms A spray system is available in containment. The spray
removal model from Chapter 6.5.2 of NUREG-0800
was used in the analysis.

The containment sprays cover 85% of containment.
The mixing within containment is promoted by fan
coolers which begin operation 2 minutes into the
accident and are assumed on for the duration of the
event.

The elemental iodine removal coefficient was limited
to 10 hr 1 and removal was terminated when a DF of
200 was reached.

A particulate removal coefficient of 5 hr - was
modeled until a DF of 50 was reached, at which time
the coefficient was reduced to 0.5 hr -1 until sprays
were terminated at 5 hours.
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Section RG Position Analysis Comments

3.4 Reduction in airborne radioactivity in the containment by in- Not In-containment recirculation filters were not credited.
containment recirculation filter systems may be credited if these Applicable
systems meet the guidance of Regulatory Guide 1.52 and Generic
Letter 99-02 (Refs. A-5 and A-6). The filter media loading caused by
the increased aerosol release associated with the revised source term
should be addressed.

3.5 Reduction in airborne radioactivity in the containment by suppression Not Suppression pool scrubbing was not applicable to the
pool scrubbing in BWRs should generally not be credited. However, the Applicable WCGS design.
staff may consider such reduction on an individual case basis. The
evaluation should consider the relative timing of the blowdown and the
fission product release from the fuel, the force driving the, release
through the pool, and the potential for any bypass of the suppression
pool (Ref. 7). Analyses should consider iodine re-evolution if the
suppression pool liquid pH is not maintained greater than 7.

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

151B-16



Table 15B-2 Conformance with Regulatory Guide 1.183, Revision 0 Appendix A (Loss-of-Coolant-Accident)
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RG
Section RG Position Analysis Comments

3.7 The primary containment (i.e., drywell for Mark I and II containment Conforms The primary containment peak pressure leak rate was
designs) should be assumed to leak at the peak pressure technical defined as 0.2% by weight of containment air. This
specification leak rate for the first 24 hours. For PWRs, the leak rate leak rate was reduced to 0.1% after the first 24 hours
may be reduced after the first 24 hours to 50% of the technical of the accident.
specification leak rate. For BWRs, leakage may be reduced after the
first 24 hours, if supported by plant configuration and analyses, to a
value not less than 50% of the technical specification leak rate. Leakage
from subatmospheric containments is assumed to terminate when the
containment is brought to and maintained at a subatmospheric condition
as defined by technical specifications.

For BWRs with Mark III containments, the leakage from the drywell
into the primary containment should be based on the steaming rate of
the heated reactor core, with no credit for core debris relocation. This
leakage should be assumed during the two-hour period between the
initial blowdown and termination of the fuel radioactivity release (gap
and early in-vessel release phases). After two hours, the radioactivity is
assumed to be uniformly distributed throughout the drywell and the
primary containment.

3.8 If the primary contaimnnent is routinely purged during power operations, Conforms Releases via the containment mini-purge system were
releases via the purge system prior to containment isolation should be calculated assuming 100% of the RCS activity (based
analyzed and the resulting doses summed with the postulated doses on the Technical Specifications) was released to
from other release paths. The purge release evaluation should assume containment. The mini-purge release is isolated before
that 100% of the radionuclide inventory in the reactor coolant system the onset of the gap release phase.
liquid is released to the containment at the initiation of the LOCA. This
inventory should be based on the technical specification reactor coolant
system equilibrium activity. Iodine spikes need not be considered. If the
purge system is not isolated before the onset of the gap release phase,
the release fractions associated with the gap release and early in-vessel
phases should be considered as applicable.
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4.1 Leakage from the primary containment should be considered to be Not A dual containment is not applicable to the WCGS
collected, processed by engineered safety feature (ESF) filters, if any, Applicable design.
and released to the environment via the secondary containment exhaust
system during periods in which the secondary containment has a
negative pressure as defined in technical specifications. Credit for an
elevated release should be assumed only if the point of physical release
is more than two and one-half times the height of any adjacent structure.

4.2 Leakage from the primary containment is assumed to be released Not A dual containment is not applicable to the WCGS
directly to the environment as a ground-level release during any period Applicable design.
in which the secondary containment does not have a negative pressure
as defined in technical specifications.

4.3 The effect of high wind speeds on the ability of the secondary Not A dual containment is not applicable to the WCGS
containment to maintain a negative pressure should be evaluated on an Applicable design.
individual case basis. The wind speed to be assumed is the 1-hour
average value that is exceeded only 5% of the total number of hours in
the data set. Ambient temperatures used in these assessments should be
the 1-hour average value that is exceeded only 5% or 95% of the total
numbers of hours in the data set, whichever is conservative for the
intended use (e.g., if high temperatures are limiting, use those exceeded
only 5%).

4.4 Credit for dilution in the secondary containment may be allowed when Not A dual containment is not applicable to the WCGS
adequate means to cause mixing can be demonstrated. Otherwise, the Applicable design.
leakage from the primary containment should be assumed to be
transported directly to exhaust systems without mixing. Credit for
mixing, if found to be appropriate, should generally be limited to 50%.
This evaluation should consider the magnitude of the containment
leakage in relation to contiguous building volume or exhaust rate, the
location of exhaust plenums relative to projected release locations, the
recirculation ventilation systems, and internal walls and floors that
impede stream flow between the release and the exhaust.
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4.5 Primary containment leakage that bypasses the secondary containment Not A dual containment is not applicable to the WCGS
should be evaluated at the bypass leak rate incorporated in the technical Applicable design.
specifications. If the bypass leakage is through water, e.g., via a filled
piping run that is maintained full, credit for retention of iodine and
aerosols may be considered on a case-by-case basis. Similarly,
deposition of aerosol radioactivity in gas-filled lines may be considered
on a case-by-case basis.

4.6 Reduction in the amount of radioactive material released from the Not A dual containment is not applicable to the WCGS
secondary containment because of ESF filter systems may be taken into Applicable design.
account provided that these systems meet the guidance of Regulatory
Guide 1.52 (Ref. A-5) and Generic Letter 99-02 (Ref. A-6).

5.1 With the exception of noble gases, all the fission products released from Conforms With the exception of noble gases, all the fission
the fuel to the containment (as defined in Tables 1 and 2 of this guide) products released from the fuel to the containment (as
should be assumed to instantaneously and homogeneously mix in the defined in Table 1 of RG 1.183) were assumed to
primary containment sump water (in PWRs) or suppression pool (in instantaneously and homogenously mix in the primary
BWRs) at the time of release from the core. In lieu of this deterministic containment sump.
approach, suitably conservative mechanistic models for the transport of
airborne activity in containment to the sump water may be used. Note
that many of the parameters that make spray and deposition models
conservative with regard to containment airborne leakage are
nonconservative with regard to the buildup of sump activity.

5.2 The leakage should be taken as two times the sum of the simultaneous Conforms The ESF leakage to the Plant Auxiliary Building was
leakage from all components in the ESF recirculation systems above doubled in the analysis and was assumed to
which the technical specifications, or licensee commitments to conservatively begin at the start of the event. The
item III.D. 1.1 of NUREG-0737 (Ref. A-8), would require declaring dose from ESF leakage to the refueling water storage
such systems inoperable. The leakage should be assumed to start at the tank was also included in the analysis.
earliest time the recirculation flow occurs in these systems and end at
the latest time the releases from these systems are terminated.
Consideration should also be given to design leakage through valves
isolating ESF recirculation systems from tanks vented to atmosphere,
e.g., emergency core cooling system (ECCS) pump miniflow return to
the refueling water storage tank.
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5.3 With the exception of iodine, all radioactive materials in the Conforms Iodines were the only nuclides modeled to be released
recirculating liquid should be assumed to be retained in the liquid phase. from the liquid.

5.4 If the temperature of the leakage exceeds 212'F, the fraction of total Conforms The calculated flashing fraction based on the
iodine in the liquid that becomes airborne should be assumed equal to maximum sump temperature was less than 0.10.
the fraction of the leakage that flashes to vapor. This flash fraction, FF,
should be determined using a constant enthalpy, h, process, based on the
maximum time-dependent temperature of the sump water circulating
outside the containment:

hf, -h[f

Where: hfl is the enthalpy of liquid at system design temperature and
pressure; hf2 is the enthalpy of liquid at saturation conditions (14.7 psia,
212'F); and hfg is the heat of vaporization at 212'F.

5.5 If the temperature of the leakage is less than 212'F or the calculated Conforms An airborne fraction of 10% was assumed for the
flash fraction is less than 10%, the amount of iodine that becomes iodine in the liquid.
airborne should be assumed to be 10% of the total iodine activity in the
leaked fluid, unless a smaller amount can be justified based on the
actual sump pH history and area ventilation rates.

5.6 The radioiodine that is postulated to be available for release to the Conforms The radioiodine that was postulated to be available for
environment is assumed to be 97% elemental and 3% organic. release to the environment was assumed to be 97%
Reduction in release activity by dilution or holdup within buildings, or elemental and 3% organic. No reductions due to
by ESF ventilation filtration systems, may be credited where applicable, dilution or holdup were assumed. Credit was taken for
Filter systems used in these applications should be evaluated against the the ESF ventilation filtration system in the Plant
guidance of Regulatory Guide 1.52 (Ref. A-5) and Generic Letter 99-02 Auxiliary Building (PAB) exhaust.
(Ref. A-6).
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7.0 The radiological consequences from post-LOCA primary containment Not The containment is not purged post-LOCA.
purging as a combustible gas or pressure control measure should be Applicable
analyzed. If the installed containment purging capabilities are
maintained for purposes of severe accident management and are not
credited in any design basis analysis, radiological consequences need
not be evaluated. If the primary containment purging is required within
30 days of the LOCA, the results of this analysis should be combined
with consequences postulated for other fission product release paths to
determine the total calculated radiological consequences from the
LOCA. Reduction in the amount of radioactive material released via
ESF filter systems may be taken into account provided that these
systems meet the guidance in Regulatory Guide 1.52 (Ref. A-5) and
Generic Letter 99-02 (Ref. A-6).
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Table 15B-3 Conformance with Regulatory Guide 1.183, Revision 0 Appendix B (Fuel Handling Accident)

RG
Section RG Position Analysis Comments

I Acceptable assumptions regarding core inventory and the release of Conforms Assumptions regarding core inventory and the release
radionuclides from the fuel are provided in Regulatory Position 3 of this of radionuclides from the fuel were obtained from
guide. Regulatory Position 3 of RG 1.183.

1.1 The number of fuel rods damaged during the accident should be based Conforms For the postulated fuel handling accident, one entire
on a conservative analysis that considers the most limiting case. This assembly and 20% of an adjacent assembly were
analysis should consider parameters such as the weight of the dropped assumed to be damaged as a result of this event.
heavy load or the weight of a dropped fuel assembly (plus any attached
handling grapples), the height of the drop, and the compression, torsion,
and shear stresses on the irradiated fuel rods. Damage to adjacent fuel
assemblies, if applicable (e.g., events over the reactor vessel), should be
considered.

1.2 The fission product release from the breached fuel is based on Conforms The fission product release from the breached fuel
Regulatory Position 3.2 of this guide and the estimate of the number of was based on Regulatory Position 3.2 of RG 1.183
fuel rods breached. All the gap activity in the damaged rods is assumed and the estimate of the number of fuel rods breached.
to be instantaneously released. Radionuclides that should be considered All the gap activity in the damaged rods was assumed
include xenons, kryptons, halogens, cesiums, and rubidiums. to be instantaneously released. Radionuclides that

were considered include xenons, kryptons, halogens,
cesiums, and rubidiums.

1.3 The chemical form of radioiodine released from the fuel to the spent Conforms All particulate iodine released to the spent fuel pool
fuel pool should be assumed to be 95% cesium iodide (CsI), was assumed to dissociate and instantaneously
4.85 percent elemental iodine, and 0.15 percent organic iodide. The CsI re-evolve as elemental iodine.
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. The NRC
staff will consider, on a case-by-case basis, justifiable mechanistic
treatment of the iodine release from the pool.

15B-22



Table 15B-3 Conformance with Regulatory Guide 1.183, Revision 0 Appendix B (Fuel Handling Accident)
(cont.)

RG
Section RG Position Analysis Comments

2 If the depth of water above the damaged fuel is 23 feet or greater, the Conforms The minimum water depth over the reactor core when
decontamination factors for the elemental and organic species are 500 handling fuel and over the spent fuel in the fuel
and 1, respectively, giving an overall effective decontamination factor handling building is 23 feet, so the overall DF of 200
of 200 (i.e., 99.5% of the total iodine released from the damaged rods is was applied.
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. If the depth of water is not 23 feet, the decontamination
factor will have to be determined on a case-by-case method (Ref. B-i).

3 The retention of noble gases in the water in the fuel pool or reactor Conforms The analysis modeled a noble gas DF of 1 and an
cavity is negligible (i.e., decontamination factor of 1). Particulate infinite DF for particulates.
radionuclides are assumed to be retained by the water in the fuel pool or
reactor cavity (i.e., infinite decontamination factor).

4.1 The radioactive material that escapes from the fuel pool to the fuel Conforms The release of radioactive material was modeled as a
building is assumed to be released to the environment over a 2-hour linear release over a 2-hour period.
time period.

4.2 A reduction in the amount of radioactive material released from the fuel Not No engineered safety features were credited for the
pool by engineered safety feature (ESF) filter systems may be taken into Applicable releases from the fuel building.
account provided these systems meet the guidance of Regulatory
Guide 1.52 and Generic Letter 99-02 (Refs. B-2, B-3). Delays in
radiation detection, actuation of the ESF filtration system, or diversion
of ventilation flow to the ESF filtration system 1 should be determined
and accounted for in the radioactivity release analyses.
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4.3 The radioactivity release from the fuel pool should be assumed to be Conforms No credit was taken for mixing or dilution in the fuel
drawn into the ESF filtration system without mixing or dilution in the building.
fuel building. If mixing can be demonstrated, credit for mixing and
dilution may be considered on a case-by-case basis. This evaluation
should consider the magnitude of the building volume and exhaust rate,
the potential for bypass to the environment, the location of exhaust
plenums relative to the surface of the pool, recirculation ventilation
systems, and internal walls and floors that impede stream flow between
the surface of the pool and the exhaust plenums.

5.1 If the containment is isolated 2 during fuel handling operations, no Not No credit was taken for containment isolation in the
radiological consequences need to be analyzed. Applicable analysis.

5.2 If the containment is open during fuel handling operations, but designed Not No credit was taken for containment isolation in the
to automatically isolate in the event of a fuel handling accident, the Applicable analysis.
release duration should be based on delays in radiation detection and
completion of containment isolation. If it can be shown that
containment isolation occurs before radioactivity is released to the
environment,' no radiological consequences need to be analyzed.

5.3 If the containment is open during fuel handling operations Conforms The containment was assumed to be open and the
(e.g., personnel air lock or equipment hatch is open),3 the radioactive release of radioactive material was modeled as a
material that escapes from the reactor cavity pool to the containment is linear release over a 2-hour period.
released to the environment over a 2-hour time period.

5.4 A reduction in the amount of radioactive material released from the Not No engineered safety features were credited for the
containment by ESF filter systems may be taken into account provided Applicable releases from containment.
that these systems meet the guidance of Regulatory Guide 1.52 and
Generic Letter 99-02 (Refs. B-2 and B-3). Delays in radiation detection,
actuation of the ESF filtration system, or diversion of ventilation flow to
the ESF filtration system should be determined and accounted for in the
radioactivity release analyses.'
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5.5 Credit for dilution or mixing of the activity released from the reactor Not No credit was taken for mixing or dilution in
cavity by natural or forced convection inside the containment may be Applicable containment.
considered on a case-by-case basis. Such credit is generally limited to
50% of the containment free volume. This evaluation should consider
the magnitude of the containment volume and exhaust rate, the potential
for bypass to the environment, the location of exhaust plenums relative
to the surface of the reactor cavity, recirculation ventilation systems,
and internal walls and floors that impede stream flow between the
surface of the reactor cavity and the exhaust plenums.
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RG
Section RG Position Analysis Comments

I Assumptions acceptable to the NRC staff regarding core inventory and Not No fuel damage was postulated to occur during the
the release of radionuclides from the fuel are provided in Regulatory Applicable MSLB.
Position 3 of this regulatory guide. The release from the breached fuel is
based on Regulatory Position 3.2 of this guide and the estimate of the
number of fuel rods breached. The fuel damage estimate should assume
that the highest worth control rod is stuck at its fully withdrawn
position.

2 If no or minimal 2 fuel damage is postulated for the limiting event, the Conforms Since no fuel damage occurs, two cases of iodine
activity released should be the maximum coolant activity allowed by the spiking (pre-accident and accident-initiated) were
technical specifications. Two cases of iodine spiking should be modeled.
assumed.

2.1 A reactor transient has occurred prior to the postulated main steam line Conforms The pre-accident iodine spike was modeled with a
break (MSLB) and has raised the primary coolant iodine concentration primary coolant iodine concentration of 60 pCi/gm
to the maximum value (typically 60 pCi/gm DE 1-131) permitted by the DE 1-131, consistent with the Technical Specification
technical specifications (i.e., a preaccident iodine spike case). limit.

2.2 The primary system transient associated with the MSLB causes an Conforms The accident-initiated iodine spike was modeled with
iodine spike in the primary system. The increase in primary coolant a spike factor of 500 and spike duration of 8 hours.
iodine concentration is estimated using a spiking model that assumes The initial activity was based on 1.0 pCi/gm DE
that the iodine release rate from the fuel rods to the primary coolant 1- 13 1, consistent with the Technical Specification
(expressed in curies per unit time) increases to a value 500 times greater limit.
than the release rate corresponding to the iodine concentration at the
equilibrium value (typically 1.0 pCi/gm DE 1- 131) specified in
technical specifications (i.e., concurrent iodine spike case). A
concurrent iodine spike need not be considered if fuel damage is
postulated. The assumed iodine spike duration should be 8 hours.
Shorter spike durations may be considered on a case-by-case basis if it
can be shown that the activity released by the 8-hour spike exceeds that
available for release from the fuel gap of all fuel pins.

3 The activity released from the fuel should be assumed to be released Conforms The activity was modeled to be released
instantaneously and homogeneously through the primary coolant. instantaneously and homogenously throughout the

primary coolant.
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4 The chemical form of radioiodine released from the fuel should be Conforms Iodine chemical fractions for releases to the
assumed to be 95% cesium iodide (CsI), 4.85 percent elemental iodine, environment (97% elemental and 3% organic) were
and 0.15 percent organic iodide. Iodine releases from the steam modeled in the analysis.
generators to the environment should be assumed to be 97% elemental
and 3% organic. These fractions apply to iodine released as a result of
fuel damage and to iodine released during normal operations, including
iodine spiking.

5.1 For facilities that have not implemented alternative repair criteria (see Conforms The accident-induced Technical Specification Bases
Ref. E-1, DG-1074), the primary-to-secondary leak rate in the steam leakage of 1 gpm was assumed to be entirely to the
generators should be assumed to be the leak rate limiting condition for faulted steam generator and the normal operation
operation specified in the technical specifications. For facilities with Technical Specification primary-to-secondary leakage
traditional generator specifications (both per generator and total of all of 150 gpd/SG was assumed to be evenly apportioned
generators), the leakage should be apportioned between affected and between the intact steam generators.
unaffected steam generators in such a manner that the calculated dose is
maximized.

5.2 The density used in converting volumetric leak rates (e.g., gpm) to mass Conforms A density of 1.0 gm/cc (62.4 lbm/ft3) was used.
leak rates (e.g., lbm/hr) should be consistent with the basis of the
parameter being converted. The ARC leak rate correlations are
generally based on the collection of cooled liquid. Surveillance tests and
facility instrumentation used to show compliance with leak rate
technical specifications are typically based on cooled liquid. In most
cases, the density should be assumed to be 1.0 gm/cc (62.4 ibm/ft3).

5.3 The primary-to-secondary leakage should be assumed to continue until Conforms The primary-to-secondary leakage was terminated at
the primary system pressure is less than the secondary system pressure, 34 hours when the reactor coolant system was cooled
or until the temperature of the leakage is less than 100°C (2127F). The to 212'F. The release of radioactivity from the
release of radioactivity from unaffected steam generators should be unaffected steam generators was terminated at 12
assumed to continue until shutdown cooling is in operation and releases hours when the residual heat removal system was in
from the steam generators have been terminated, service and removing all decay heat.

5.4 All noble gas radionuclides released from the primary system are Conforms No reduction or mitigation of noble gas activity in
assumed to be released to the environment without reduction or releases from the primary system was modeled.
mitigation.
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5.5 The transport model described in this section should be utilized for Conforms The transport model was utilized in the analysis.
iodine and particulate releases from the steam generators. This model is
shown in Figure E-I and summarized below:

Sram Spae -- ,,

.. A- -- 
-'

8u1k Wr•.

5.5.1 A portion of the primary-to-secondary leakage will flash to vapor, based Conforms The faulted steam generator was assumed to
on the thermodynamic conditions in the reactor and secondary coolant. blowdown to dryout conditions and any primary-to-

* During periods of steam generator dryout, all of the primary-to- secondary leakage was modeled as a release to the

secondary leakage is assurfied to flash to vapor and be released to the environment with no mitigation. Leakage to the intact

environment with no mitigation. steam generators was modeled to mix with the
secondary water without flashing since the steam

" With regard to the unaffected steam generators used for plant generator tubes are submerged.
cooldown, the primary-to-secondary leakage can be assumed to mix
with the secondary water without flashing during periods of total
tube submergence.

5.5.2 The leakage that irmnediately flashes to vapor will rise through the bulk Not See Position 5.5.1 above.
water of the steam generator and enter the steam space. Credit may be Applicable
taken for scrubbing in the generator, using the models in NUREG-0409,
"Iodine Behavior in a PWR Cooling System Following a Postulated
Steam Generator Tube Rupture Accident" (Ref. E-2), during periods of
total submergence of the tubes.

5.5.3 The leakage that does not immediately flash is assumed to mix with the Not See Position 5.5.1 above.
bulk water. Applicable I
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5.5.4 The radioactivity in the bulk water is assumed to become vapor at a rate Conforms A partition coefficient of 100 was modeled for iodine
that is the function of the steaming rate and the partition coefficient. A and the particulate radionuclides release was limited
partition coefficient for iodine of 100 may be assumed. The retention of by the moisture carryover of 0.25%.
particulate radionuclides in the steam generators is limited by the
moisture carryover from the steam generators.

5.6 Operating experience and analyses have shown that for some steam Not The issue of tube uncovery was addressed by the
generator designs, tube uncovery may occur for a short period following Applicable Westinghouse Owners Group (WOG) in
any reactor trip (Ref. E-3). The potential impact of tube uncovery on the WCAP-13247, "Report on the Methodology for the
transport model parameters (e.g., flash fraction, scrubbing credit) needs Resolution of the Steam Generator Tube Uncovery
to be considered. The impact of emergency operating procedure Issue," March 1992. The WOG program concluded
restoration strategies on steam generator water levels should be that the effect of tube uncovery would be essentially
evaluated. negligible and the issue could be closed without any

further investigation or generic restrictions. This
position was accepted by the NRC in a letter dated
March 10, 1993, from Robert C. Jones, Chief of the
Reactor System Branch, to Lawrence A. Walsh,
Chairman of the WOG. The letter states "... the
Westinghouse analyses demonstrate that the effects of
partial steam generator tube uncovery on the iodine
release for SGTR and non-SGTR events is negligible.
Therefore, we agree with your position on this matter
and consider this issue to be resolved." Consistent
with this position, the MSLB dose analysis did not
model tube uncovery in the intact steam generators.
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I Assumptions acceptable to the NRC staff regarding core inventory and Not No fuel damage was postulated to occur during the
the release of radionuclides from the fuel are in Regulatory Position 3 of Applicable SGTR.
this guide. The release from the breached fuel is based on Regulatory
Position 3.2 of this guide and the estimate of the number of fuel rods
breached.

2 If no or minimal2 fuel damage is postulated for the limiting event, the Conforms Since no fuel damage occurs, two cases of iodine
activity released should be the maximum coolant activity allowed by spiking (pre-accident and accident-initiated) were
technical specification. Two cases of iodine spiking should be assumed. modeled.

2.1 A reactor transient has occurred prior to the postulated steam generator Conforms The pre-accident iodine spike was modeled with a
tube rupture (SGTR) and has raised the primary coolant iodine primary coolant iodine concentration of 60 pCi/gm
concentration to the maximum value (typically 60 pCi/gm DE 1-131) DE 1-13 1, consistent with the Technical Specification
permitted by the technical specifications (i.e., a preaccident iodine spike limit.
case).

2.2 The primary system transient associated with the SGTR causes an Conforms The accident-initiated iodine spike was modeled with
iodine spike in the primary system. The increase in primary coolant a spike factor of 335 and spike duration of 8 hours.
iodine concentration is estimated using a spiking model that assumes The initial activity was based on 1.0 pCi/gm DE
that the iodine release rate from the fuel rods to the primary coolant 1-13 1, consistent with the Technical Specification
(expressed in curies per unit time) increases to a value 335 times greater limit.
than the release rate corresponding to the iodine concentration at the
equilibrium value (typically 1.0 p.Ci/gm DE 1-131) specified in
technical specifications (i.e., concurrent iodine spike case). A
concurrent iodine spike need not be considered if fuel damage is
postulated. The assumed iodine spike duration should be 8 hours.
Shorter spike durations may be considered on a case-by-case basis if it
can be shown that the activity released by the 8-hour spike exceeds that
available for release from the fuel gap of all fuel pins.

3 The activity released from the fuel, if any, should be assumed to be Conforms The activity was modeled to be released
released instantaneously and homogeneously through the primary instantaneously and homogenously throughout the
coolant. primary coolant.
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Table 15B-5 Conformance with Regulatory Guide 1.183, Revision 0 Appendix F (PWR Steam Generator Tube Rupture Accident)
(cont.)

RG
Section RG Position Analysis Comments

4 Iodine releases from the steam generators to the environment should be Conforms Iodine chemical fractions for releases to the
assumed to be 97% elemental and 3% organic. environment (97% elemental and 3% organic) were

modeled in the analysis.

5.1 The primary-to-secondary leak rate in the steam generators should be Conforms The accident-induced Technical Specification Bases
assumed to be the leak rate limiting condition for operation specified in leakage of 1 gpm was assumed to be evenly apportioned
the technical specifications. The leakage should be apportioned between between the intact steam generators. This leakage
affected and unaffected steam generators in such a manner that the modeling was used since the leakage is negligible
calculated dose is maximized. compared to the flow through the ruptured tube.

5.2 The density used in converting volumetric leak rates (e.g., gpm) to mass Conforms A density of 1.0 gm/cc (62.4 Ibm/ft3) was used.
leak rates (e.g., Ibm/hr) should be consistent with the basis of
surveillance tests used to show compliance with leak rate technical
specifications. These tests are typically based on cool liquid. Facility
instrumentation used to determine leakage is typically located on lines
containing cool liquids. In most cases, the density should be assumed to
be 1.0 gm/cc (62.4 Ibm/ft3).

5.3 The primary-to-secondary leakage should be assumed to continue until Conforms The primary-to-secondary break flow was terminated
the primary system pressure is less than the secondary system pressure, when the reactor coolant system pressure equalized
or until the temperature of the leakage is less than 100'C (2120 F). The with the ruptured steam generator secondary side
release of radioactivity from the unaffected steam generators should be pressure. The release of radioactivity from the
assumed to continue until shutdown cooling is in operation and releases ruptured and intact steam generators was terminated
from the steam generators have been terminated, at 12 hours when the residual heat removal system

was in service and removing all decay heat.

5.4 The release of fission products from the secondary system should be Conforms A loss of offsite power was assumed coincident with
evaluated with the assumption of a coincident loss of offsite power. reactor trip.

5.5 All noble gas radionuclides released from the primary system are Conforms No reduction or mitigation of noble gas activity in
assumed to be released to the environment without reduction or releases from the primary system was modeled.
mitigation.
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(cont.)

RG
Section RG Position Analysis Comments

5.6 The transport model described in Regulatory Positions 5.5 and 5.6 of Conforms The transport model described in Regulatory
Appendix E should be utilized for iodine and particulates. Positions 5.5 and 5.6 of Appendix E for iodine and

particulates was considered as appropriate in the

SGTR. In addition, flashing of break flow in the
ruptured steam generator with a time dependent

flashing fraction was considered and all activity in the
flashed break flow was released to the environment
with no mitigation, dilution, or credit for scrubbing.
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Table 15B-6 Conformance with Regulatory Guide 1.183, Revision 0 Appendix G (PWR Locked Rotor Accident)

RG
Section RG Position Analysis Comments'

I Assumptions acceptable to the NRC staff regarding core inventory and Conforms Assumptions regarding core inventory and the release
the release of radionuclides from the fuel are in Regulatory Position 3 of of radionuclides from the fuel were obtained from
this regulatory guide. The release from the breached fuel is based on Regulatory Position 3 of RG 1.183. The analysis
Regulatory Position 3.2 of this guide and the estimate of the number of modeled the fraction of the core inventory assumed to
fuel rods breached. be in the gap by radionuclide group consistent with

Table 3 in Regulatory Position 3.2. The assumed
number of fuel rods breached was 5% of the core and
the radial peaking factor of 1.65 was applied.

2 If no fuel damage is postulated for the limiting event, a radiological Not Fuel damage was postulated; therefore, an analysis
analysis is not required as the consequences of this event are bounded Applicable was performed.
by the consequences projected for the main steam line break outside
containment.

3 The activity released from the fuel should be assumed to be released Conforms The activity was modeled to be released
instantaneously and homogeneously through the primary coolant. instantaneously and homogenously throughout the

primary coolant.

4 The chemical form of radioiodine released from the fuel should be Conforms Iodine chemical fractions for releases to the
assumed to be 95% cesium iodide (CsI), 4.85 percent elemental iodine, environment (97% elemental and 3% organic) were
and 0.15 percent organic iodide. Iodine releases from the steam modeled in the analysis.
generators to the environment should be assumed to be 97% elemental
and 3% organic. These fractions apply to iodine released as a result of
fuel damage and to iodine released during normal operations, including
iodine spiking.

5.1 The primary-to-secondary leak rate in the steam generators should be Conforms The accident-induced Technical Specification Bases
assumed to be the leak-rate-limiting condition for operation specified in leakage of 1 gpm was assumed to be evenly
the technical specifications. The leakage should be apportioned between apportioned to the steam generators.
the steam generators in such a manner that the calculated dose is
maximized.

15B-33



Table 15B-6 Conformance with Regulatory Guide 1.183, Revision 0 Appendix G (PWR Locked Rotor Accident)
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Section RG Position Analysis Comments

5.2 The density used in converting volumetric leak rates (e.g., gpm) to mass Conforms A density of 1.0 gm/cc (62.4 Ibm/fl3) was used.
leak rates (e.g., lbm/hr) should be consistent with the basis of
surveillance tests used to show compliance with leak rate technical
specifications. These tests are typically based on cool liquid. Facility
instrumentation used to determine leakage is typically located on lines
containing cool liquids. In most cases, the density should be assumed to
be 1.0 gm/cc (62.4 Ibm/ft3).

5.3 The primary-to-secondary leakage should be assumed to continue until Conforms The primary-to-secondary leakage was terminated
the primary system pressure is less than the secondary system pressure, when the release of radioactivity from the steam
or until the temperature of the leakage is less than 100'C (2120 F). The generators was terminated. This occurred at 12 hours
release of radioactivity should be assumed to continue until shutdown when the residual heat removal system was in service
cooling is in operation and releases from the steam generators have and removing all decay heat.
been terminated.

5.4 The release of fission products from the secondary system should be Conforms A loss of offsite power was assumed.
evaluated with the assumption of a coincident loss of offsite power.

5.5 All noble gas radionuclides released from the primary system are Conforms No reduction or mitigation of noble gas activity in
assumed to be released to the environment without reduction or releases from the primary system was modeled.
mitigation.

5.6 The transport model described in assumptions 5.5 and 5.6 of Conforms The transport model described in Regulatory
Appendix E should be utilized for iodine and particulates. Positions 5.5 and 5.6 of Appendix E for iodine and

particulates was considered as appropriate in the
locked rotor event.
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Table 15B-7 Conformance with Regulatory Guide 1.183, Revision 0 Appendix H (PWR Rod Ejection Accident)

RG
Section RG Position Analysis Comments

Assumptions acceptable to the NRC staff regarding core inventory are Conforms Assumptions regarding core inventory and the release
in Regulatory Position 3 of this guide. For the rod ejection accident, the of radionuclides from the fuel were obtained from
release from the breached fuel is based on the estimate of the number of Regulatory Position 3 of RG 1.183. The analysis
fuel rods breached and the assumption that 10% of the core inventory of modeled gap release fractions of 10% for iodines and
the noble gases and iodines is in the fuel gap. The release attributed to noble gases and 12% for alkali metals. The assumed
fuel melting is based on the fraction of the fuel that reaches or exceeds number of fuel rods breached was 10% of the core
the initiation temperature for fuel melting and the assumption that 100% and the radial peaking factor of 1.65 was applied. The
of the noble gases and 25% of the iodines contained in that fraction are analysis also modeled fuel melting release fractions of
available for release from containment. For the secondary system 100% of noble gases and 50% of iodines and alkali
release pathway, 100% of the noble gases and 50% of the iodines in that metals in the melted fuel rods. Note that the
fraction are released to the reactor coolant. assumption of 50% iodine and alkali metal release

from melted fuel was conservatively modeled for each
pathway.

2 If no fuel damage is postulated for the limiting event, a radiological Not Fuel damage was postulated; therefore, an analysis
analysis is not required as the consequences of this event are bounded Applicable was performed.
by the consequences projected for the loss-of-coolant accident (LOCA),
main steam line break, and steam generator tube rupture.

3 Two release cases are to be considered. In the first, 100% of the activity Conforms Both cases were considered separately in the analysis.
released from the fuel should be assumed to be released instantaneously
and homogeneously through the containment atmosphere. In the second,
100% of the activity released from the fuel should be assumed to be
completely dissolved in the primary coolant and available for release to
the secondary system.

4 The chemical form of radioiodine released to the containment Conforms The iodine chemical fractions for releases to
atmosphere should be assumed to be 95% cesium iodide (CsI), 4.85% containment were modeled as 95% CsI, 4.85%
elemental iodine, and 0.15% organic iodide. If containment sprays do elemental, and 0.15% organic. All fission products,
not actuate or are terminated prior to accumulating sump water, or if the with the exception of elemental and organic iodine
containment sump pH is not controlled at values of 7 or greater, the and noble gases, were assumed to be in particulate
iodine species should be evaluated on an individual case basis, form.
Evaluations of pH should consider the effect of acids created during the No removal processes were modeled in containment
rod ejection accident event, e.g., pyrolysis and radiolysis products. With besides leakage and decay, so sump pH has no
the exception of elemental and organic iodine and noble gases, fission impact.
products should be assumed to be in particulate form.
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5 Iodine releases from the steam generators to the environment should be Conforms Iodine chemical fractions for releases to the
assumed to be 97% elemental and 3% organic. environment (97% elemental and 3% organic) were

modeled in the analysis.

6 Assumptions acceptable to the NRC staff related to the transport, Conforms See below.
reduction, and release of radioactive material in and from the
containment are as follows.

6.1 A reduction in the amount of radioactive material available for leakage Not No removal processes were modeled in containment
from the containment that is due to natural deposition, containment Applicable besides leakage and decay.
sprays, recirculating filter systems, dual containments, or other
engineered safety features may be taken into account. Refer to
Appendix A to this guide for guidance on acceptable methods and
assumptions for evaluating these mechanisms.

6.2 The containment should be assumed to leak at the leak rate incorporated Conforms The primary containment peak pressure leak rate was
in the technical specifications at peak accident pressure for the first defined as 0.2% by weight of containment air. This
24 hours, and at 50% of this leak rate for the remaining duration of the leak rate was reduced to 0.1% after the first 24 hours
accident. Peak accident pressure is the maximum pressure defined in the of the accident.
technical specifications for containment leak testing. Leakage from
subatmospheric containments is assumed to be terminated when the
containment is brought to a subatmospheric condition as defined in
technical specifications.

7.1 A leak rate equivalent to the primary-to-secondary leak rate limiting Conforms The accident-induced Technical Specification Bases
condition for operation specified in the technical specifications should leakage of 1 gpm was assumed to be evenly
be assumed to exist until shutdown cooling is in operation and releases apportioned to the steam generators. The primary-to-
from the steam generators have been terminated, secondary leakage was terminated when the release of

radioactivity from the steam generators was
terminated. This occurred at 12 hours when the
residual heat removal system was in service and
removing all decay heat.
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7.2 The density used in converting volumetric leak rates (e.g., gpm) to mass Conforms A density of 1.0 gm/cc (62.4 Ibm/fl3) was used.
leak rates (e.g., lbm/hr) should be consistent with the basis of
surveillance tests used to show compliance with leak rate technical
specifications. These tests typically are based on cooled liquid. The
facility's instrumentation used to determine leakage typically is located
on lines containing cool liquids. In most cases, the density should be
assumed to be 1.0 gm/cc (62.4 Ibm/ft3).

7.3 All noble gas radionuclides released to the secondary system are Conforms No reduction or mitigation of noble gas activity in
assumed to be released to the environment without reduction or releases from the primary system was modeled.
mitigation.

7.4 The transport model described in assumptions 5.5 and 5.6 of Conforms The transport model described in Regulatory
Appendix E should be utilized for iodine and particulates. Positions 5.5 and 5.6 of Appendix E for iodine and

particulates was considered as appropriate in the rod
ejection event.
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