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Ladies and Gentlemen: 

In accordance with 10 CFR 50.90, Southern Nuclear Operating Company (SNC), the licensee 
for Vogtle Electrical Generating Plant (VEGP) Units 3 and 4, requests an amendment to 
Combined License (COL) Numbers NPF-91 and NPF-92, for VEGP Units 3 and 4, respectively.  

This amendment request proposes to depart from approved AP1000 Design Control Document 
(DCD) Tier 2 information as incorporated into the Updated Final Safety Analysis Report 
(UFSAR) to allow use of a new methodology to determine the effective thermal conductivity 
resulting from oxidation of the inorganic zinc (IOZ) used in the containment vessel coating 
system.  The proposed changes would revise the licensing basis documents. 

The description, technical evaluation, regulatory evaluation (including the Significant Hazards 
Consideration determination), and environmental considerations for the proposed changes in 
the License Amendment Request (LAR) are contained in Enclosure 1 to this letter. 
Enclosure 2 provides markups depicting the requested changes to the licensing basis 
documents.  Enclosures 3 and 4 provide the bases for the withholding of proprietary 
information.  Enclosure 5 is a non-proprietary copy of WCAP-15846-NP, Addendum 1, 
“Effective Thermal Conductivity Model of Inorganic Zinc Coating for Application to AP1000,” 
Revision 0, October 2013, with redaction of the proprietary material included in Enclosure 6.  
Enclosure 6 provides the Proprietary version of the document.  It is identified as WCAP-15846-
P, Addendum 1, “Effective Thermal Conductivity Model of Inorganic Zinc Coating for Application 
to AP1000,” Revision 0, October 2013.  
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As discussed above, Enclosure 6 contains proprietary information that Westinghouse and SNC 
request to be withheld from public disclosure under 10 CFR 2.390.  Enclosures 3 and 4 support 
this request and are affidavits signed by appropriate representatives of Westinghouse and 
SNC.  The affidavits set forth the bases upon which the information may be withheld from 
public disclosure by the Commission and address the considerations in 10 CFR 2.390(b)(4). 

Correspondence with respect to the copyright or proprietary aspects of the items listed above or 
the supporting affidavits should reference CAW-13-3833 and should be addressed to J.A. 
Gresham, Manager, Regulatory Compliance, Westinghouse Electric Company, Suite 428, 
1000 Westinghouse Drive, Cranberry Township, PA 16066, and also to Brian H. Whitley, SNC, 
at the contact information within this letter.  

SNC’s need date for this license amendment is January 13, 2014.  This date is based upon the 
setting of the first ring of the lower containment vessel.  SNC recognizes that January 2014 is a 
short time frame for approval of this license amendment and anticipates that it will submit a 
Preliminary Amendment Request (PAR) to support construction activities.  In the event the NRC 
issues a “no objections” finding related to this license amendment, then the need date for the 
license amendment, i.e., the point at which SNC would not risk further construction under the 
“no objections” finding, would be March 2015.   

SNC expects to implement the proposed amendment (through incorporation into the licensing 
basis documents, e.g., the UFSAR) within 30 days of approval of the requested changes. 

This letter contains no regulatory commitments. 

In accordance with 10 CFR 50.91, SNC is notifying the State of Georgia of this LAR by 
transmitting a copy of this letter and enclosures to the designated State Official. 

Should you have any questions, please contact Mr. Brian Meadors at (205) 992-7331. 
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Mr. Brian H. Whitley states that he is the Regulatory Affairs Director of Southern Nuclear 
Operating Company, is authorized to execute this oath on behalf of Southern Nuclear Operating 
Company and to the best of his knowledge and belief, the facts set forth in this letter are true. 
 
Respectfully submitted, 
 
SOUTHERN NUCLEAR OPERATING COMPANY 
 
 
 
 
 
Brian H. Whitley 
 
 

BHW/ERG/kms 

Sworn to and subscribed before me this ______ day of _________________, 2013 

Notary Public: ___________________________ 

My commission expires: ___________________________ 

 

Enclosures: 1) Request for License Amendment, Coating Thermal Conductivity (LAR-13-
039)  

 2) Proposed Changes to the Licensing Basis Documents (LAR-13-039) 
 3) Westinghouse Authorization Letter, Affidavit, Proprietary Information Notice 

and Copyright Notice 
 4) SNC Affidavit 
 5) WCAP-15846-NP, Addendum 1, Effective Thermal Conductivity Model of 

Inorganic Zinc Coating for Application to AP1000, Revision 0, October 2013 
(Update to WCAP-15862 Section 10.2.1) (Non-Proprietary)  

 6) WCAP-15846-P, Addendum 1, Effective Thermal Conductivity Model of 
Inorganic Zinc Coating for Application to AP1000, Revision 0, October 2013 
(Update to WCAP-15846 Section 10.2.1) (Proprietary)  
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cc: 
  
Southern Nuclear Operating Company/ Georgia Power Company 
Mr. S. E. Kuczynski (w/o enclosures) 
Mr. J. A. Miller 
Mr. D. A. Bost (w/o enclosures) 
Mr. B. L. Ivey   
Mr. M. D. Rauckhorst (w/o enclosures) 
Mr. J. T. Gasser (w/o enclosures) 
Mr. D. H. Jones (w/o enclosures) 
Mr. J. R. Johnson (w/o enclosures) 
Mr. T. E. Tynan (w/o enclosure 6) 
Mr. D. M. Lloyd 
Mr. B.H. Whitley 
Mr. C. R. Pierce  
Mr. D. L. Fulton 
Mr. C. H. Mahan 
Mr. S. Thomason 
Ms. A. G. Aughtman 
Mr. M. C. Medlock  
Mr. W. A. Sparkman 
Document Services RTYPE:  VND.RA.L06 
File AR.01.02.06 
 
Nuclear Regulatory Commission 
Mr. V. M. McCree (w/o enclosures) 
Mr. F. M. Akstulewicz (w/o enclosures) 
Mr. L. Burkhart (w/o enclosures) 
Mr. D. H. Jaffe 
Mr. R. G. Joshi 
Ms. D. L. McGovern 
Mr. B. M. Bavol 
Ms. M. A. Sutton 
Mr. M. E. Ernstes 
Mr. G. Khouri 
Mr. L. M. Cain 
Mr. J. D. Fuller 
Mr. C. B. Abbott 
Mr. C. Huffman 
 
State of Georgia 
Mr. J. H. Turner (w/o enclosure 6) 
 
Oglethorpe Power Corporation 
Mr. M. W. Price (w/o enclosure 6) 
Mr. K. T. Haynes (w/o enclosure 6) 
 
Municipal Electric Authority of Georgia 
Mr. J. E. Fuller (w/o enclosure 6) 
Mr. S. M. Jackson (w/o enclosure 6) 
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Dalton Utilities 
Mr. D. Cope (w/o enclosure 6) 
 
CB&I 
Mr. J. Simmons (w/o enclosures) 
Mr. G. Grant (w/o enclosures) 
Ms. K. Stoner (w/o enclosures) 
Mr. C. A. Castell  
 
Westinghouse Electric Company, LLC 
Mr. T. C. Geer (w/o enclosures) 
Mr. S. W. Gray (w/o enclosures) 
Mr. F. G. Gill 
Mr. P. A. Russ 
Mr. G. F. Couture 
Mr. M. Y. Shaqqo 
 
Other 
Mr. R. W. Prunty, Bechtel Power Corporation (w/o enclosure 6) 
Ms. K. K. Patterson, Tetra Tech NUS, Inc. (w/o enclosure 6) 
Dr. W. R. Jacobs, Jr., Ph.D., GDS Associates, Inc. 
Mr. S. Roetger, Georgia Public Service Commission 
Ms. S. W. Kernizan, Georgia Public Service Commission 
Mr. K. C. Greene, Troutman Sanders 
Mr. S. Blanton, Balch Bingham 
Ms. A. Rice, South Carolina Electric & Gas Company 
Mr. D. Kersey, South Carolina Electric & Gas Company  
Mr. B. Kitchen, Duke Energy 
Mr. S. Franzone, Florida Power & Light
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In accordance with 10 CFR 50.90, Southern Nuclear Operating Company (SNC), the licensee 
for Vogtle Electrical Generating Plant (VEGP) Units 3 and 4, requests an amendment to 
Combined License (COL) Numbers NPF-91 and NPF-92, for VEGP Units 3 and 4, respectively. 

1. Summary Description 

The proposed changes would revise the Combined Licenses (COLs) to allow use of a new 
methodology to determine the effective thermal conductivity resulting from oxidation of the 
inorganic zinc (IOZ) used  in the containment vessel coating system.  The effective thermal 
conductivity and its oxidation progression over the plant lifetime determined by this methodology 
eliminates non-mechanistic modeling of IOZ thermal conductivity in the containment integrity 
analyses by showing the IOZ thermal conductivity value used in the containment integrity 
analyses is conservative.  The requested amendment requires changes to Updated Final Safety 
Analysis Report (UFSAR) information to reflect this new modeling methodology.  This enclosure 
requests approval of the license amendment necessary to implement these UFSAR changes. 

 

2. Detailed Description 

The containment vessel is a free standing cylindrical steel vessel with ellipsoidal upper and 
lower heads.  The function of the containment vessel, as part of the overall containment system, 
is to contain the release of radioactivity following postulated design basis accidents.  The 
containment vessel also functions as the safety-related ultimate heat sink by transferring the 
heat associated with accident sources to the surrounding environment.  (UFSAR Section 6.0)  
Inorganic zinc is the basic coating applied to the inside surface of the containment vessel. 
Below the operating floor, most of the inorganic zinc coating is top coated with epoxy where 
enhanced decontamination is desired.  The epoxy top coat on the containment vessel extends 
above the operating floor.  Carbon steel and structural modules within the containment are 
coated with self-priming high solids epoxy (SPHSE).  (UFSAR Subsection 6.1.2.1.2) 

The exterior of the containment vessel is coated with the same inorganic zinc as is used inside 
of the containment vessel.  Safety functions of the inorganic zinc for both inside and outside 
surfaces of the containment vessel as summarized in UFSAR Table 6.1-2, are to 1) promote 
wettability, 2) enhance heat conduction, 3) be nondetachable, and 4) inhibit corrosion.  The 
specific safety function of interest in this departure is related to the coating’s heat conduction 
properties. 

The containment system is designed such that for break sizes up to and including the 
double-ended severance of a reactor coolant pipe or secondary side pipe, the containment peak 
pressure is below the design pressure. This capability is maintained by the containment system 
assuming the worst single failure affecting the operation of the passive containment cooling 
system (PCS). 

Table 6.2.1.1-8 of the UFSAR establishes a value of 0.302 Btu/hr-ft-°F as the thermal 
conductivity value of the inorganic zinc coating for application to the AP1000 plant in support of 
containment integrity analyses as presented in WCAP-15846(P),” WGOTHIC Application to 
AP600 and AP1000,” Revision 1, March 2004.  To conservatively account for the oxidation of 
the inorganic zinc constituent of the inorganic zinc coating system, the methodology contained 
in Section 10.2.1 of WCAP-15846(P) stipulates the overall thermal conductivity of the coating 
system is reduced by a factor of four that is a non-mechanistic value chosen to address 
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degradation in thermal conductivity as the result of oxidation; however, this factor of four has no 
technical basis.  This assumption is predicated on the overall coating system thermal 
conductivity varying directly proportional to the performance of the zinc constituent.  This is a 
conservative but non-mechanistic assumption because the coating system thermal performance 
is dictated by the total constituents of the coating system, and not solely by the performance of 
the zinc.  Imposing a factor of four reduction of the thermal conductivity results in a conservative 
but non- technical reduction in the containment peak pressurization margin. 

Implementation of a methodology that specifies a thermal conductivity value and oxidation 
progression over the plant lifetime based on coating system constituents is a new method of 
evaluation which eliminates the non-mechanistic modeling of inorganic zinc thermal conductivity 
in the containment integrity analyses to show the IOZ thermal conductivity value specified in 
UFSAR Table 6.2.1.1-8 and used in the containment integrity analyses is conservative. 

The new methodology is contained in WCAP-15846-P, Addendum 1, “Effective Thermal 
Conductivity Model of Inorganic Zinc Coating for Application to AP1000,” Revision 0, October 
2013 which presents an effective thermal conductivity model for use in determining the thermal 
conductivity of the inorganic zinc coating system and assesses/quantifies degradation effects for 
the effect on thermal performance of the inorganic zinc coating over the lifetime of the power 
plant.  The model uses a multi-stage approach to effectively model the oxidation of the inorganic 
zinc constituent of the coating system. 

Licensing Basis Change Descriptions 

The licensing basis changes sought with regard to implementation of a new methodology that 
can be used to determine effective thermal conductivity and oxidation progression over the life 
of the plant involve revising the COL Updated Final Safety Analysis Report (UFSAR) to add the 
WCAP-15846-P, Addendum 1, and WCAP-15846-NP, Addendum 1, as a new reference and to 
add a general discussion of the use of the methodology in WCAP-15846-P, Addendum 1, as a 
means of addressing the IOZ thermal conductivity parameter used in the containment peak 
pressure evaluation. 

The affected UFSAR Tier 2 material is proposed to be modified as discussed below and shown 
in Enclosure 2. 

a) UFSAR Tier 2, Section 1.6, Table 1.6-1, Material Referenced, is revised to add the 
Addendum as referenced material for Section 6.2. 

b) UFSAR Tier 2, Subsection 6.2.1.1.3, is modified at the end of the 9th paragraph to include 
appropriate text references for the new Addendum.  

c) UFSAR Tier 2, Subsection 6.2.7, References, is revised to add the Addendum as new item 
37.  

 

3. Technical Evaluation  

The Westinghouse-GOTHIC (WGOTHIC) computer code, WCAP-15846(P), is a computer 
program for modeling multiphase flow in a containment transient analysis.  It solves the 
conservation equations in integral form for mass, energy, and momentum for multicomponent 
flow.  The momentum conservation equations are written separately for each phase in the flow 
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field (drops, liquid pools, and atmosphere vapor).  The following terms are included in the 
momentum equation: storage, convection, surface stress, body force, boundary source, phase 
interface source, and equipment source.  (UFSAR Subsection 6.2.1.1.3) 

The passive internal containment heat sink data used in the WGOTHIC analyses is presented in 
WCAP-15846(P) (UFSAR Section 6.2, Reference 20), Section 13 and updated in APP-GW-
GLR-096 UFSAR Section 6.2, Reference 36), “Evaluation of the Effect of AP1000 Enhanced 
Shield Building Design on the Containment Response and Safety Analysis,” Rev. 3, June 2011.  
Data for both metallic and concrete heat sinks are presented.  Additional heat sink data utilized 
in the containment peak pressure analysis, as updated in APP-GW-GLR-096, Rev 3, are 
identified in UFSAR Table 6.2.1.1-10.  These additional heat sinks are characterized as metal 
gratings with material type and minimum required surface area and volume within the 
subcompartment defined in UFSAR Table 6.2.1.1-10.  The physical properties of the materials 
corresponding to the heat sink information are presented in UFSAR Table 6.2.1.1-8. 

The inorganic zinc coating on the outside of the containment shell above elevation 135'-3” 
supports passive containment cooling system heat transfer and is classified as a Service 
Level III coating.  The inorganic zinc coating used on the inside surface of the containment shell 
above the operating deck supports the transfer of thermal energy from the post-accident 
atmosphere inside containment to the containment shell.  Passive containment cooling system 
testing and analysis have been performed with an inorganic zinc coating.  As identified in 
UFSAR Table 6.1-2, this coating is classified as Service Level I coating. 

Implementation of the methodology presented in WCAP-15846(P) Addendum 1 specifies an 
effective thermal conductivity based on the distribution of the constituents in the inorganic zinc.  
A typical inorganic zinc coating system contains elemental zinc, binder, silicates and air as the 
major constituents. 

Implementation of the methodology specifies an effective thermal conductivity by a multi-stage 
approach to effectively model the oxidation of the inorganic zinc constituent of the coating 
system and demonstrates in WCAP 15846-P, Addendum 1, Section 3, that the current assumed 
value in the UFSAR Table 6.2.1.1-8 is conservative. 

The change in methodology to determine an effective thermal conductivity and oxidation 
progression over the life of the plant for the inorganic zinc coating system used inside and 
outside containment to show the IOZ thermal conductivity value used in the containment 
integrity analyses is conservative does not affect the thermal conductivity value used in the 
containment peak pressure analyses as provided in UFSAR Table 6.2.1.1-8, and, therefore, 
does not affect the calculated peak containment pressure reported in the UFSAR.  The 
proposed changes do not affect a function or feature used for the prevention and mitigation of 
accidents or their safety analyses.  The proposed changes do not involve nor interface with any 
SSC accident initiator or initiating sequence of events related to the accidents evaluated in the 
UFSAR.  The proposed changes do not affect the radiological source terms (i.e., amounts and 
types of radioactive materials released, their release rates and release durations) used in the 
accident analyses. 

Determining an effective thermal conductivity and oxidation progression for the life of the plant 
for the inorganic zinc coating system by a new methodology does not impact the thermal 
conductivity value used for inorganic zinc in the containment peak pressure analyses and as 
cited in UFSAR Table 6.2.1.1-8.  No system or design function or equipment qualification is 
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adversely affected by the proposed changes.  The changes do not result in a new failure mode, 
malfunction or sequence of events that could adversely affect a radioactive material barrier or 
safety-related equipment.  The proposed changes do not allow for a new fission product release 
path, result in a new fission product barrier failure mode, or create a new sequence of events 
that would result in significant fuel cladding failures. 

The new methodology for determining an effective thermal conductivity and oxidation 
progression over the life of the plant for the inorganic zinc coating system to show the IOZ 
thermal conductivity value used in the containment integrity analyses is conservative does not 
affect the performance of the primary containment to provide a boundary function during 
operation and following an accident.  The proposed changes do not affect any safety-related 
equipment, design code limit allowable value), safety-related function or design analysis, nor 
does it affect any safety analysis input or result, or design/safety margin. 

The proposed changes do not affect the containment, control, channeling, monitoring, 
processing or releasing of radioactive and non-radioactive materials.  No effluent release path is 
affected by the proposed changes.  Therefore, neither radioactive nor non-radioactive material 
effluents are affected by the proposed changes. 

Plant radiation zones (as described in UFSAR Section 12.3), radiation controls established to 
satisfy 10 CFR 20 requirements, and expected amounts and types of radioactive materials are 
not affected by the proposed changes.  Therefore, individual and cumulative radiation 
exposures are not affected by these changes. 

The proposed changes do not affect any vital area boundaries or any perimeter walls acting as 
a security barrier or other aspects of the structures that could affect physical security. 

 

4. Regulatory Evaluation 

4.1 Applicable Regulatory Requirements/Criteria 

10 CFR 52, Appendix D, Section VIII.B.5.a allows an applicant or licensee who 
references this appendix to depart from Tier 2 information, without prior NRC approval, 
unless the proposed departure involves a change to or departure from Tier 1 
information, Tier 2* information, or the Technical Specifications, or requires a license 
amendment under paragraphs B.5.b or B.5.c of the section.  These changes involve a 
departure from a method of evaluation, as cited in section B.5.b.(8), for the 
determination of effective thermal conductivity and oxidation progression over the life of 
the plant for the inorganic zinc coating system for the containment vessel and requires a 
license amendment. 

10 CFR 50, Appendix A, General Design Criterion (GDC) 16—Containment design 
requires that the reactor containment and associated systems be provided to establish 
an essentially leak-tight barrier against the uncontrolled release of radioactivity to the 
environment and to assure that the containment design conditions important to safety 
are not exceeded for as long as postulated accident conditions require. 

The proposed changes do not affect the leak tightness of the containment or impact its 
ability to withstand the design conditions.  The new methodology for determining an 
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effective thermal conductivity and oxidation progression does not impact the current 
thermal conductivity and degradation used in the current containment peak pressure 
analysis. 

4.2  Precedent 

No precedent is identified.   

4.3 Significant Hazards Consideration Determination 

The requested change would revise the licensing basis documents to include a new 
methodology for determining the effective thermal conductivity for the primary 
containment inorganic zinc coating.  Reference to and general discussion of the use of 
the methodology in WCAP-15846-P, Addendum 1, “Effective Thermal Conductivity 
Model of Inorganic Zinc Coating for Application to AP1000,” Revision 0, October 2013, is 
proposed to be included in Updated Final Safety Analysis Report (UFSAR) Section 1.6 
Table 1.6-1, Subsection 6.2.1.1.3, and Subsection 6.2.7. 

The requested amendment proposes changes to UFSAR Tier 2 information.  

An evaluation to determine whether or not a significant hazards consideration is involved 
with the proposed amendment was completed by focusing on the three standards set 
forth in 10 CFR 50.92, “Issuance of Amendment,” as discussed below: 

4.3.1 Does the proposed amendment involve a significant increase in the 
probability or consequences of an accident previously evaluated? 

Response:  No 

Implementation of a new methodology is not used to change any of the 
parameters used in those analyses.  There is no change to any accident initiator 
or condition of the containment that would affect the probability of any accident.  
The containment peak pressure analysis as reported in the UFSAR is not 
affected; therefore, the previously reported consequences are not affected. 

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

4.3.2 Does the proposed amendment create the possibility of a new or 
different kind of accident from any accident previously evaluated? 

Response:  No 

The proposed amendment to implement a new methodology is not used to 
change any of the parameters used in the containment peak pressure analysis.  
The change in methodology does not change the condition of containment; 
therefore, no new accident initiator is created.  The containment peak pressure 
analysis as currently evaluated is not affected, and the consequences previously 
reported are not changed.  The new methodology does not change the 
containment; therefore, no new fault or sequence of events that could lead to 
containment failure or release of radioactive material is created. 
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Therefore, the proposed amendment does not create the possibility of a new or 
different kind of accident from any accident previously evaluated. 

4.3.3 Does the proposed amendment involve a significant reduction in a 
margin of safety? 

Response:  No 

The proposed implementation of a new methodology which specifies an effective 
thermal conductivity and oxidation progression and effects for the inorganic zinc 
coating of the containment vessel is used to eliminate non-mechanistic modeling 
of inorganic zinc thermal conductivity in the containment integrity analyses to 
show that the value for inorganic zinc thermal conductivity used in the 
containment integrity analyses is conservative, but is not used to change any of 
the parameters used in the containment peak pressure analysis.  The change in 
methodology does not change the condition of the containment and the integrity 
of the containment vessel is not affected.  The containment peak pressure 
analysis as currently evaluated is not affected, and the consequences previously 
reported are not changed.  No safety analysis or design basis acceptance 
limit/criterion is changed by the proposed changes, thus no margin of safety is 
reduced. 

Therefore, the proposed amendment does not involve a significant reduction in a 
margin of safety. 

Based on the above, it is concluded that the proposed amendment does not involve a 
significant hazards consideration under the standards set forth in 10 CFR 50.92(c), and, 
accordingly, a finding of “no significant hazards consideration” is justified. 

4.4 Conclusions 

Based on the considerations discussed above, (1) there is reasonable assurance that 
the health and safety of the public will not be endangered by operation in the proposed 
manner, (2) such activities will be conducted in compliance with the Commission’s 
regulations, and (3) the issuance of the amendment will not be inimical to the common 
defense and security or to the health and safety of the public. 

 

5. Environmental Considerations 

This review supports a request to amend the licensing basis documents to allow departure from 
the plant-specific Design Control Document (DCD) as incorporated into the Updated Final 
Safety Analysis Report (UFSAR) related to a new methodology used to determine effective 
thermal conductivity and oxidation progression for the inorganic zinc coating of the containment 
vessel. 

The proposed changes require revisions to UFSAR information. 

A review has determined that the proposed amendment would change a requirement with 
respect to installation or use of a facility component located within the restricted area, as defined 
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in 10 CFR Part 20, or would change an inspection or surveillance requirement.  However, facility 
construction and operation following implementation of the proposed amendment does not 
involve (i) a significant hazards consideration, (ii) a significant change in the types, or a 
significant increase in the amounts, of any effluents that may be released offsite, or (iii) a 
significant increase in individual or cumulative occupational radiation exposure.  Accordingly, 
the proposed amendment meets the eligibility criteria for categorical exclusion set forth in 10 
CFR 51.22(c)(9), in that: 

 (i)       There is no significant hazards consideration. 

As documented in Section 4.3, Significant Hazards Consideration Determination, of this 
license amendment request, an evaluation was completed to determine whether or not a 
significant hazards consideration is involved by focusing on the three standards set forth 
in 10 CFR 50.92, “Issuance of amendment.”  The Significant Hazards Consideration 
determined that (1) the proposed amendment does not involve a significant increase in 
the probability or consequences of an accident previously evaluated; (2) the proposed 
amendment does not create the possibility of a new or different kind of accident from any 
accident previously evaluated; and (3) the proposed amendment does not involve a 
significant reduction in a margin of safety.  Therefore, it is concluded that the proposed 
amendment does not involve a significant hazards consideration under the standards set 
forth in 10 CFR 50.92(c), and accordingly, a finding of “no significant hazards 
consideration” is justified. 

 (ii)      There is no significant change in the types or significant increase in the amounts of any 
effluents that may be released offsite.  

The proposed changes are unrelated to any aspect of plant construction or operation 
that would introduce any change to effluent types (e.g., effluents containing chemicals or 
biocides, sanitary system effluents, and other effluents), or affect any plant radiological 
or non-radiological effluent release quantities. Furthermore, the proposed changes do 
not affect any effluent release path or diminish the functionality of any design or 
operational features that are credited with controlling the release of effluents during plant 
operation. Therefore, it is concluded that the proposed amendment does not involve a 
significant change in the types or a significant increase in the amounts of any effluents 
that may be released offsite. 

 (iii)      There is no significant increase in individual or cumulative occupational radiation 
exposure.  

The proposed changes provide an alternate methodology of determining the effective 
thermal conductivity and oxidation progression for the inorganic zinc coating of the 
containment vessel.  Plant radiation zones (addressed in UFSAR Section 12.3) are not 
affected, and there are no changes to the controls required under 10 CFR Part 20 that 
preclude a significant increase in occupational radiation exposure.  Therefore, the 
proposed amendment does not involve a significant increase in individual or cumulative 
occupational radiation exposure. 

Based on the above review of the proposed amendment, it has been determined that 
anticipated construction and operational effects of the proposed amendment do not involve (i) a 
significant hazards consideration, (ii) a significant change in the types or significant increase in 
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the amounts of any effluents that may be released offsite, or (iii) a significant increase in the 
individual or cumulative occupational radiation exposure.  Accordingly, the proposed 
amendment meets the eligibility criteria for categorical exclusion set forth in 10 CFR 51.22(c)(9). 
Therefore, pursuant to 10 CFR 51.22(b), no environmental impact statement or environmental 
assessment need be prepared in connection with the proposed amendment. 
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UFSAR Section 1.6, Table 1.6-1, Material Referenced - Revise to include the 
WCAP Addendum as referenced material as shown below.  
 

DCD 
Section 
Number 

Westinghouse Topical 
Report Number Title 

6.2 WCAP-15846(P) 
WCAP-15862 

WCAP-15846-P 
Addendum 1 
WCAP-15846-NP 
Addendum 1 

WGOTHIC Application to AP600 and AP1000, Revision 1, 
March 2004 

Effective Thermal Conductivity Model of Inorganic Zinc Coating for 
Application to AP1000, Revision 0, October 2013 

 
 
UFSAR Subsection 6.2.1.1.3, Design Evaluation - Revise the final sentence of the 
ninth paragraph as shown below:  

The physical properties of the materials corresponding to the heat sink information used in 
the containment peak pressure evaluation (Reference 20 and updated in Reference 36) are 
presented in Table 6.2.1.1-8.  These properties represent inputs to the containment peak 
pressure evaluation, and in some cases, reflect methodology specified in Reference 20 (and 
for inorganic zinc properties specified in Reference 20, Section 10.2.1, as updated in 
Reference 37) pertaining to these input parameters. 

 
 
UFSAR Subsection 6.2.7, References - Revise to include the WCAP Addendum as 
a new reference as shown below:  

37. WCAP-15846-P (Proprietary) Addendum 1 and WCAP-15846-NP (Non-Proprietary) 
Addendum 1, “Effective Thermal Conductivity Model of Inorganic Zinc Coating for 
Application to AP1000,” Revision 0, October 2013.” 

 
 
New UFSAR Referenced WCAP material as shown in Enclosures 5 
(Non-proprietary) and 6 (Proprietary).  
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1 PURPOSE

The purpose of this WCAP addendum is to develop an effective thermal conductivity (keff) model for use 
in determining the thermal conductivity of the inorganic zinc (IOZ) coating system, and to assess/quantify 
the degradation effects, if any, that could affect the thermal performance of the IOZ coating over the 
design lifetime of the AP1000® plant. The premise of the method is that if a higher value of thermal 
conductivity than that used in the current analysis is determined, then the heat transfer is better than that 
modeled in the current analysis, which is conservative.

This methodology will not be used to justify a higher value of thermal conductivity for the IOZ system, 
but rather will demonstrate that the current assumed value in the approved methodology and the AP1000 
plant containment integrity analyses is conservative with respect to thermal conductivity degradation 
associated with oxidation of the coating system. 

1.1 BACKGROUND

WCAP-15846/APP-SSAR-GSC-587 (Reference 1) provides the thermal conductivity value of the IOZ
coating to use for application to the AP1000 plant in support of containment response analyses. To 
conservatively account for the oxidation of the IOZ constituent of the IOZ coating system, the 
methodology contained in subsection 10.2.1 of Reference 1 stipulates that the overall thermal 
conductivity of the coating system is reduced by a factor of 4 to conservatively account for the effects of 
oxidation. This assumption is predicated on the premise that the thermal conductivity of the overall 
coating system varies directly proportional to the performance of the zinc constituent. This is a 
conservative but non-mechanistic assumption, because the coating system thermal performance is dictated 
by the total constituents of the coating system, and not solely by the performance of the zinc. Upon 
investigation there appears to be no technical basis for the factor of 4 reduction in the coating thermal 
conductivity. The original method assumed there would be some sort of degradation in thermal 
conductivity associated with the oxidation of zinc, but a mechanistic method for determining the extent of 
that degradation was never presented.

1.1.1 IOZ System Constituents

The AP1000 plant Design Control Document (DCD) Table 6.2.1.1-8 specifies the value of IOZ thermal 
conductivity to use in the licensing basis containment integrity analyses as 0.302 Btu/hr-ft-°F. Based on 
discussions with an IOZ coating system vendor (Reference 2), a typical IOZ coating system contains the 
following bulk constituents by volume fraction:
[

]a,b,c

AP1000 is a trademark or registered trademark of Westinghouse Electric Company LLC, its affiliates and/or its 
subsidiaries in the United States of America and may be registered in other countries throughout the world. All 
rights reserved. Unauthorized use is strictly prohibited. Other names may be trademarks of their respective owners.
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Approximately 2 percent volume fraction is represented by coloring agents like titanium oxide (TiO2). 

1.1.2 Model Background

There is a substantial amount of work available in the open literature regarding keff models of 
multiconstituent particle systems and complex porous media. Reference 3 provides a good review of 
widely accepted thermal conductivity models. These include but are not limited to:

 Parallel model
 Maxwell-Eucken 1
 Effective medium theory (EMT) model
 Maxwell-Eucken 2
 Series model

In addition to the above mentioned models, one of the most widely accepted empirical thermal 
conductivity models is that of Krischer (Reference 4). However, Krischer’s model includes an empirical 
shape factor (Z) for which test data are required to implement. 

1.1.3 Model Discussion

Parallel Model

Implementation of the parallel model will yield the highest value of keff because this model assumes the 
highest thermal conductivity constituents are in contact with each other, and thus the overall model 
thermal conductivity is dictated by the constituent with the highest thermal conductivity due to direct 
conduction of the high conductivity constituents. The formula for calculating keff from the parallel model 
is:

 


I

i iiparallel knk
1 (1)

where:

kparallel = the effective thermal conductivity calculated by the parallel model
i = subscript denoting ith constituent
I = total number of constituents
ni = volume fraction of ith constituent
ki = thermal conductivity of ith constituent

Maxwell-Eucken 1 and 2

The Maxwell-Eucken models are discussed in Reference 3 and assume a dispersion of small spheres 
within a continuous matrix. Whether the high or low constituent forms the dispersed or continuous phase 
determines which Maxwell-Eucken model to implement. These models are not ideal for modeling the 
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IOZ system because they are limited to a two-constituent system. As identified in subsection 1.2.1, the 
IOZ system contains six constituent groups. Since the Maxwell-Eucken models are not easily expanded to 
more than two constituents, they cannot be used for determining the effective thermal conductivity of the 
IOZ system. 

Effective Medium Theory 

The EMT assumes that the constituent distribution is completely random and homogeneously dispersed
within the particulate system, but that a loose coupling of individual constituents exists. This theory in 
principle is expandable from the Reference 3 model and is given by:

 



I

i
EMTi

EMTi
i kk

kkn
1

0
2

where:

kEMT = the effective thermal conductivity calculated by the EMT method
i = subscript denoting ith constituent
I = total number of constituents
ni = volume fraction of ith constituent
ki = thermal conductivity of ith constituent

Once again, it is important to note that the EMT model assumes a loose thermal coupling of the individual 
constituents within the structure. 

Harmonic Series 

The harmonic series model assumes the particle constituents are settled in layers within the structure and 
that the heat flux must conduct through each layer independently. The keff calculated by the harmonic 
series model is dominated by the lowest thermal conductivity particulate constituent. The relation for the 
harmonic series model is:

 


I

i
ii

series kn
k

1

1

where:

kseries = effective thermal conductivity calculated by the series model
ni = volume fraction of ith constituent
ki = thermal conductivity of ith constituent

Krischer Model

The Krischer model is an empirically developed model based on the combination of series and parallel 
models. The empirical component of the Krischer model specifies a weighting factor that relates the 
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structure of the system to the combined parallel and series models. The drawback to the Krischer model is 
that empirical data for measured effective thermal conductivity is required for implementation. The 
equation for calculating the effective thermal conductivity from the Krischer model is:









 I

i
I

i iii

i
Krischer

kn
Z

k
nZ

k

1
1

1)(

1

where:

kKrischer = calculated effective thermal conductivity from the Krischer model
ni = volume fraction of ith constituent
ki = thermal conductivity of ith constituent
Z = empirical weighting (distribution) factor 

It is important to note that a Z value of 0 means that the Krischer model reduces to the parallel model, and 
conversely, a Z value of 1 means the Krischer model reduces to the harmonic series model. In the 
presence of empirical data for measured effective thermal conductivity, and provided the thermal 
conductivity and volume fraction of each constituent is known, it is possible to solve for the empirical 
weighting factor Z.
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2 METHODOLOGY

2.1.1 Method Discussion

Subsection 1.1.2 displays and discusses various forms of effective thermal conductivity models that can 
be used to determine the effective thermal conductivity of a multiple-component material. Each method 
has drawbacks and advantages. The parallel, series, and EMT methods prescribe models that allow for 
direct calculation of keff , provided that the structure of the material is known and the appropriate model 
can be selected based on the structure of the material. The Krischer model allows for an empirical 
calculation of keff provided that test data speficying the value of keff exist. The advantage of the Krischer 
model is that the exact material structure need not be known. 

The open literature contains numerous proposed keff models (References 5–8) where attempts are made to 
discern the shape or weighting factor that is analogous to determining how the individual constituents are 
arranged and how they contribute to the overall keff of the material. Some proposed models attempt to 
account for random distribution of particles, variations in size of particles, and even variations in shapes 
of particles. However, one thing is common among all proposed models, and that is for complex 
multi constituent materials, a distribution or weighting function relating the structure of the material is 
required to yield an accurate prediction of thermal conductivity. [

]a,c

Figure 2-1 [ ]a,c

Carboline 11 HSN is/are trademarks or registered trademarks of their respective owner. Other names may be 
trademarks of their respective owners.

a,c
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[

]a,b,c This is due to the apparent random nature of the coating. A pure parallel or harmonic series is 
not applicable because the constituent structure is random and amorphous, or unrepeatable. The 
Maxwell-Eucken 1 and 2 models are not applicable because the coating structure contains at least five 
constituents, and the Maxwell-Eucken 1 and 2 models are only viable for a maximum of two constituents
or phases. 

2.1.2 Considerations

2.1.2.1 Model Applicability

Figure 2-2 (Reference 3) demonstrates graphically the physical representation of the models. The 
parallel and series models are well defined and applicable to rigid and repeatable structures. Figure 2-1 
demonstrates that the coating structure, while rigid, is not repeatable. Figure 2-2 also shows the 
Maxwell-Eucken 1 and 2 models are only viable for two constituents or two-phase systems. The EMT 
method appears to physically represent both a random and amorphous structure, which could potentially 
be capable of adequately characterizing the coating structure. However, it is important to note 
Reference 4 indicates that there is a loose coupling of constituent phases from the EMT model. 
Figure 2-3 (Reference 4) shows the transport of the heat flux vectors (in red) associated with the EMT 
model. This indicates that while the high conductivity constituents are not in direct contact, there does 
exist a “loose coupling” between high conductivity constituents. Due to this phenomenon, the EMT will 
probably predict a higher than actual value of thermal conductivity, especially if the low conductivity 
constituents represent a large disparity (order of magnitude) between associated constituent conductivity 
values. 
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Figure 2-2  Physical Interpretation of Accepted keff Models

Figure 2-3  Heat Flux Vectors in EMT Model
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However, the EMT approach will be attempted because if successful, it will provide a purely analytical 
prediction capability without a semi-empirical treatment of the widely used Krischer model. 

The Krischer model is a combined semi-empirical model that allows for fitting of the model to nearly any 
application provided empirical data are available to solve for the appropriate value of the structural 
weighting factor Z. The literature refers to the Krischer model as a “flexible” model due to its ability to be 
tuned to nearly any application if an appropriate value of Z can be determined. Fortunately, Reference 12 
contains thermal conductivity test data for all three approved coating systems used for the AP1000 plant. 
The thermal conductivity tests were performed in accordance with American Society for Testing and 
Materials (ASTM) E1530 and an approved Title 10 of the code of Federal Regulations (CFR) Part 50,
Appendix B program. Therefore, as Reference 3 indicates, a very common approach for determining 
effective thermal conductivity is to use an empirical weighting between the parallel and series models 
(often referred to as the Weiner bounds), because these models represent the minimum and maximum 
thermal conductivity that can be achieved by a heterogeneous material. The drawback to the Krischer 
model is that empirical data are required to determine Z; however, if empirical data exist and the 
weighting factor can be accurately attuned, then the Krischer model gives excellent agreement with the 
data (Reference 3 and 4). 

The Krischer model became well known in its application for food engineering drying technology. Food 
is often considered a complex fluid due to the multiple constituents associated with its composition. 
However, References 3 and 4 substantiate the Krischer model application to any heterogeneous material,
including porous materials, provided that the shape factor can be accurately determined. 

[

]a,c

2.1.2.2 Additional Considerations on Passive Containment Cooling System Performance

Some additional considerations that need to be addressed in the implementation of this model are:

 Impact on wettability due to air porosity reduction

 Impact on external containment vessel (CV) heat flux to the passive containment cooling system 
(PCS) fluid associated with coating growth
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[

]a,b,c This makes sense, because wettability is quantified by the magnitude of the three-phase angle 
between the characteristic water droplet, the solid surface, and the atmospheric gas (air): a reduction in 
the porosity within the cross section of the coating will have no impact on the “surface” wetting 
characteristics. 

[

]a,c

The following justification will demonstrate that the air porosity more than accommodates any potential 
for coating growth.

Reference 11 provides the [ ]a,b,c,
respectively. Reference 2 provides the volume fraction of zinc in the newly applied coating as [

]a,c. The density ratio can be used to determine the volumetric increase 
associated with complete oxidation of the zinc constituent:

[
]a,cto:

[

]a,c

a,c

a,c
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Figure 2-4  [ ]a,b,c

2.1.3 Method Implementation

To effectively model the degradation effects due to oxidation of the IOZ constituent of the coating system,
a combined multi-stage approach should be implemented. 

1. Reference 4 communicates the widely accepted method of determining an effective thermal 
conductivity. This method begins with the calculation of the Weiner bounds. This will be done to 
confirm the tested value of the coating thermal conductivity (Reference 12) is within the expected 
bounds formed by the parallel and series models (minimum and maximum theoretical values of 
the coating thermal conductivity). If the tested value of the coating thermal conductivity is not 
within the Weiner bounds, then certain constituents of the coating system have been left out or 
neglected. Further investigation into the coating constituents is required before proceeding:

a. Calculate the material thermal conductivity of a new coating application with the parallel 
model.

b. Calculate the material thermal conductivity of a new coating application with the series 
model.

c. Confirm that the measured thermal conductivity lies within the Weiner bounds.

a,b,c
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2. In theory, it is advantageous to have an analytical model that will allow for prediction of 
effective thermal conductivity. Due to the random distribution of the material constituents, the 
EMT model should be used to determine if it is a viable application for prediction of effective
thermal conductivity. An uncertainty tolerance of 5 percent is recommended as compared to test 
data. The 5 percent is a recommendation based on engineering judgment. The uncertainty 
tolerance should be low enough that the combined uncertainty propagated throughout the method 
application would not yield a lower value than that assumed in the plant design basis analyses. 

a. Calculate the material thermal conductivity using the EMT model.

b. Confirm that the EMT model is within the 5 percent uncertainty tolerance criterion. If the 
uncertainty tolerance criterion is met, proceed to Step 4; otherwise, proceed to Step 3.

3. If the uncertainty tolerance criterion is not satisfied in Step 2, then the EMT model is not accurate 
enough to implement. In this scenario, the empirical treatment afforded by implementation of the 
Krischer model must be relied upon. The empirical shape/weighting factor can be solved for by 
setting the Krischer model equal to the actual tested effective thermal conductivity. This will yield 
a valid model based on empirical data for predicting the maximum degradation associated with 
oxidation of IOZ in the coating system.

It is pertinent to discuss the fact that Step 2 is not absolutely required. Successful implementation 
of the EMT model will allow for accurate prediction of coating performance without the necessity 
of empirical data. This would be advantageous in predicting the thermal conductivity of an 
unknown multi-constituent material with a completely random structure; however, without test 
data, the uncertainty tolerance criteria cannot be confirmed. The overall purpose of the EMT 
application in Step 2 is to demonstrate that while the cross-sectional view in Figure 2-1 indicates 
the potential for a loosely coupled structure, the tested thermal performance of the coating 
constituents do not behave in a manner consistent with that structure. As demonstrated by the 
large uncertainty in the EMT application, there is virtually no coupling between the high 
conductivity constituents. 

a. Set the Krischer model equal to the tested value for the material thermal conductivity and 
solve for Z, the empirical shape/weighting factor.

4. Now that the Krischer model is accurately benchmarked and an empirical shape/weighting factor 
is determined, the zinc constituent thermal conductivity should be replaced with the value of zinc 
oxide. This will conservatively model the effective thermal conductivity degradation associated 
with oxidation of the zinc constituent.

a. Set kZinc = kzincoxide in the benchmarked Krischer model and solve for the degraded coating 
thermal conductivity. 

5. Uncertainty propagation should be accomplished via application of square root sum of the 
squares (SRSS). 
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3 EXAMPLE APPLICATION OF METHOD

Table 3-1 shows the Carboline 11 HSN constituents, volume fractions, and thermal conductivities used in 
the IOZ coating system. 

Table 3-1 [ ]a,b,c

The following Mathcad calculation , including comments, shows an example application of the 
methodology for the Carboline 11 HSN system:

a,b,c

a,b,c
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Step 1

In accordance with the literature, the Weiner bounds will be established using parallel and harmonic series 
solutions:

To allow the k_parallel calculation to be displayed properly, the first four terms will be assigned to 
variable A.

[ ]a,b,c The tested value is 
within the Weiner bounds.

Step 2

To allow the EMT calculation to be displayed properly, the first six terms will be assigned to variables A 
and B respectively:

a,b,c

a,b,c
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[

]a,c

Step 3

[

]a,c

Step 4

To allow the k_parallel calculation to be displayed properly, the first four terms will be assigned to 
variable A:

Once the Krischer model shape factor has been determined, we can substitute the zinc thermal 
conductivity with that of zinc oxide to understand the impact of all the elemental zinc oxidizing in the 
coating system:

a,b,c

a,b,c

a,b,c

a,b,c
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Step 5

[

]a,b,c
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[

]a,b,c

Conclusion

This assessment is conservative, because it preserves the new coating structure with the air porosity 
maximized along with the maximum accounting of uncertainty. In reality, the porosity of the coating will 
decrease as the zinc oxidizes and ages. This is because as the zinc combines with water vapor and air and 
oxidizes, the oxide will displace the air pockets due to the reduction in density of zinc oxide from 
elemental zinc. This is based on discussions with the Carboline coating vendor. If we assume that the air 
pockets are eliminated and replaced with zinc oxides based on the density ratio, the coating system 
thermal conductivity becomes:

a,b,c
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[

]a,b,c

This demonstrates that the zinc coating based on the empirical formulation of the Krischer shape factor 
will cause the IOZ coating system to actually increase in thermal conductivity. [

]a,c This overly conservative 
approximation of the thermal conductivity increase is because as the air pockets are eliminated, the 
Krischer model will actually trend closer to the parallel portion of the Weiner bounds, resulting in a larger 
thermal conductivity than prediction.

[

]a,b,c
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4 LIMITS OF APPLICABILITY

This methodology is applicable for determining the maximum thermal conductivity degradation 
effects associated with oxidation and aging of the IOZ coating system used on the AP1000 plant. The
methodology is only applicable if all of the constituent thermal conductivities and corresponding volume 
fractions are known. This methodology requires empirical test data of a coating specimen (unless the 
EMT model meets error tolerance criteria) to appropriately implement, so that the empirical 
shape/weighting factor from the Krischer model can be determined.
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5 CONCLUSION

In conclusion, if the methodology delineated in this document results in a value of thermal conductivity 
greater than the value used in the design and licensing basis analysis, the analysis value is conservative
and conservatively bounds any thermal conductivity degradation effects associated with oxidation of the 
coating system. This is because a higher thermal conductivity is better for heat transfer. Thus, a factor of 
4 reduction in the tested IOZ thermal conductivity is not required to account for the effect of oxidation.
[

]a,b,c
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