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2 Introduction 

Intertek Testing Services NA (Intertek) has conducted testing for AREVA NP Inc., on the 
pressure resistance capabilities of Unifrax Fiberfrax® Durablanket® S (Durablanket), Dow 
Corning® Sylgard® 170 Silicone Elastomer (DC-170), Quantum Silicones QSil 5558MC Silicone 
Elastomer (QSil 5558MC), Dow Corning® 732 Multi-Purpose Sealant (DC-732) and  Dow 
Corning® 790 Multi-Purpose Sealant (DC-790) 
with the applicable requirements of and in accordance with AREVA NP Inc.  Document No. 51-
9206196-001, Detailed Test Plan for Conducting MOX Pressure Test 7. This evaluation took 
place on September 30, October 1 and October 7, 2013. 

This project was undertaken to evaluate the pressure resistance capability of silicone 
elastomers and sealants to seal gaps or joints at the air pressure increments above atmospheric 
pressure. 

3 Test Samples  
3.1 SAMPLE SELECTION 

The sealant materials were not independently selected for testing; they were supplied by 
AREVA NP, Inc., and were received in several shipments from June 13 to September 9, 2013. 
The samples were received with Certificates of Conformance and are considered traceable.  
Basic information on sealant material(s) is presented in the table below.   

Sealant Material Lot /Batch# Expiration Date 
DC-170 063B02 6/30/2014 

QSil 5558MC 130606 6/14/2014 
Durablanket S 32039 764521000 N/A 

DC-732 0007251823 5/29/2015 
DC-790 0007390959 4/24/2014 

Information regarding receiving dates and origin can be found in Appendix F: Quality 
Documents. All samples were received in good condition at the Evaluation Center. 

3.2 SAMPLE AND ASSEMBLY DESCRIPTION 

The test deck was used to simulate a confinement zone or HVAC boundary in which the 
penetration seal assemblies may be installed.  The test deck was not considered an integral 
part of the penetration seal assembly being tested and therefore was not intended to replicate 
MOX-specific plant conditions and not considered integral in bounding the performance of the 
penetration seal assemblies (e.g., concrete blend, compressive strength, rebar size and 
spacing).  The test deck was constructed of normal weight reinforced concrete. 
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Openings cast into the test deck simulated certain features consistent with MOX penetrations 
(e.g., painted or coated interior finishes, beveled edges, etc.) as defined by detailed Test Plan 
drawings contained in Appendix A.  

A detailed description of each penetration can be found in Appendix D, AREVA NP Inc. 
Engineering Information Record, Document No. 51-9206196-001.  Included in that document is 
a table of revision history with a description of changes made to the approved plan.  The 
installation and documentation of penetration seal assemblies contained within the test slab was 
performed by AREVA under AREVA 4 in the test 
plan found in Appendix D.  

.  

bevel.  Details for the four penetrations are provided in the descriptions below.  All of the 
penetrations were unlined (bare concrete).  The test deck was horizontally oriented with a 

in the slab.  There were four openings sealed and tested in Pressure Test 7.  

 Penetration P1:  A  opening had 
bevel, the other side of the opening was not beveled.  Both sides of the opening 
were ® Sylgard® 170 Silicone Elastomer 
(DC- ® Durablanket® S. 

 Penetration P2:  A had 
bevel, the other side of the opening was not beveled.  Both sides of the opening 
were 

h of Unifrax Fiberfrax® Durablanket®

S. 

 Penetration P3:  A had 
bevel, the other side of the opening was not beveled.  Both sides of the opening 
were ® 732 Multi-Purpose Sealant backed 

 Penetration P4:  A had 
bevel, the other side of the opening was not beveled.  Both sides of the opening 
were seale ® 790 Silicone Building Sealant 

® Durablanket® S. 

4 Testing and Evaluation Methods 

The Test Plan in Appendix D defines the test methods, acceptance criteria and test report 
documentation requirements for penetration seal Pressure Test 7.  Additionally, the detailed 
Test Plan defines the roles and responsibilities of MOX Services, AREVA, the selected testing 
laboratory, and any other subcontracted entity engaged in support of pressure testing efforts. 

The detailed Test Plan also describes the procurement plan for materials associated with 
penetration seal Pressure Test 7 and identifies the entities responsible for procuring the various 
components of the test assemblies based on the quality level assigned to each component. 
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The Test Plan also establishes minimum quality requirements for the penetration seal materials 
used in the test assemblies and links quality requirements in the AREVA QA program to 
customer/project quality requirements. 

4.1 TEST APPARATUS  

In the absence of any consensus codes or standards related to the pressure testing of 
penetration seal assemblies, the MOX Penetration Seal Program has developed a standardized 
method for conducting pressure testing of MOX penetration seal designs.  In support of this 
effort, Intertek assisted in the design and construction of a pressure test apparatus to be use in 
the conduct of MOX penetration seal pressure tests. 

The pressure chamber apparatus consists of t  diameter steel pressure 
vessels, calibrated equipment and a data acquisition system. The apparatus accurately 
maintains the desired air pressure, using one of two sensitive, manually adjustable pressure 
regulators; a high (0-15 psi) and a low (0-2 psi) range.  The sealed collection chamber feeds 
any leakage air back to the test device, where it is channeled through one of two calibrated flow 
meters, once again, a high (0-200 L/min) and a low (0-20 L/min) range.  A calibrated electronic 
pressure transducer (0-5 psi) measures the differential pressure between the two chambers and 
the data acquisition software determines the net pressure drop across the test seal and the 
leakage through the seal.  The chambers are interchangeable and the direction can be reversed 
very quickly so both can serve as the pressure or the collection chamber. 

The primary components described above are presented on the following pages: 

Pressure Chamber 2-
3 connection ports per piece 
16 flange attachment points per piece 

-1/2  spacing 
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Pressure Cart Stainless steel rolling cart with control equipment and associated 
Data Acquisition System 

Regulator (low)  Control Air, Inc., Amherst, NH 
Type 700 
0-2 psi 

Regulator (high) Control Air, Inc., Amherst, NH 
Type 700 
0-15 psi 
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Mass Flow Meter Omega Engineering, Inc., Stamford, CT 
Model No. FMA-872A-V-NIST 
Serial No. 4270050001001 
0-20 lpm 

Mass Flow Meter Omega Engineering, Inc., Stamford, CT  
Model No. FMA-875A-V-NIST 
Serial No. 4270050003001 
0-200 lpm 
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Pressure Transducer Omegadyne Inc., Sunbury, OH 
Model No. PX409-005 DWUV 
Serial No. 406707 
Pressure Range: 0-5 psi 
Input 0-100mVdc 
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Power Supply Omega Engineering, Inc., Stamford, CT 
Model No. PSS-10 
+10V @ 400 mA 
Input 115 VAC 
50/60 Hz 

Multifunction DAQ National Instruments,  
Model No. NI USB-6210 
16 Input, 16-bit, 250 kS/s, Multifunction I/O 
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Dedicated CPU HP Compaq Pro-6300 Microtower 
Serial No. MXL3090LN6 
OS Windows 7 Pro 
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Additionally, during initial system start-up testing and verification, it was discovered that the data 

reported differential pressure even when the system was at equilibrium (i.e., both high side and 
low side pressure chambers were at atmospheric conditions).  After collecting data for 16 hours 
overnight, the average fluctuation was -0.025 psi. 
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Since the initial pressure stage prescribed by the AREVA NP Test Plan is 1.0 inches of water 
(0.0361 psi) and the average data fluctuati almost 70% of this value 
(-0.025 psi), it was decided that an inclined-plane manometer would be used to ensure that the 
Stage 1 differential pressure was applied at precisely 1.0 inches of water. 
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For subsequent pressure stages (i.e., Stages 2-5), the Test Plan required pressure was applied 
and maintained using the DAQ reported differential pressure without consideration for any 

beginning of the test, this method assured that the tests were conducted with additional margin, 
as the actual differential pressure that the test specimen was subjected to was equal to the DAQ 
reported differential pressure plus the additional pressure needed to overcome the negative 

atmospheric conditions.  

4.2 TEST STANDARD 

AREVA NP Inc.  Document No. 51-9206196-001 

Pressure rated penetr -

rating requirements (i.e., confinement, suppression system clean agent concentration, fire 
-

indicates that the penetration seal meets the predetermined acceptance criteria for the pressure 
level(s) being tested. 

The acceptance criteria -
the operating mode of the plant.  For most pressure conditions and operating modes, 

-
allowed to leak (i.e., the penetration seal cannot become dislodged from the opening or 
otherwise catastrophically fail such that a substantial leakage path is created). 
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The test procedure followed that presented in Section 9.0 of the Test Plan.  The graphs and 
tables on the following page(s) provides a summary of results and observations for the ten 
pressure stages (Stages 1a-5a and 1b-5b), any observed leakage, and the maximum leakage 
rate.  Additionally, the raw data for Pressure Test 7 is contained in Appendices B1 and B2 of 
this test report.  The official start and stop times for each pressure stage were timed using a 
traceable, calibrated stopwatch.  The approximate start and stop times for each pressure stage 
are recorded below.  These start and stop times can be correlated to the data in Appendices B1 

Pressure Test 7 Start and Stop Times 

Stage Start Time Stop Time 

1a 2.1 32.1 

2a 36.7 66.7 

3a 68.2 98.2 

4a 111 141 

5a* 9.6 39.6 

1b*1 9.7 39.7 

2b*1 41.1 71.1 

3b*1 75.4 106 

4b*1 111 141 

5b*1 152 182 

* The test assembly was scheduled to be seismically tested the following day (Seismic Test 
#5), at air pressures lower than Stage 5a required for Pressure Test 7.  For this reason, 
Stage 1a-4a was conducted; the assembly was then used for Seismic Test 5, and then 
Stage 5a was performed for Pressure 7 test.  Stage 5a was initiated on October 1, 2013, at 
3:57 p.m.  The temperature was 93°F with a relative humidity of 44%.   

*1 The last portion of the test for Pressure Test 7 (bottom side pressure Stages 1b-5b) was 
initiated at 12:42 p.m. on October 7, 2013.  Scott Groesbeck, representing AREVA NP Inc., 
was present to witness the test.  The ambient air temperature at the start of the test was 
88°F, with a relative humidity of 21%.    



AREVA NP Inc.  July 25, 2014 
Report No. 101276459SAT-001C  Page 17 of 370 



AREVA NP Inc.  July 25, 2014 
Report No. 101276459SAT-001C  Page 18 of 370 



AREVA NP Inc.  July 25, 2014 
Report No. 101276459SAT-001C  Page 19 of 370 







AREVA NP Inc.  July 25, 2014 
Report No. 101276459SAT-001C  Page 22 of 370 

APPENDIX A 
Assembly Drawings 
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APPENDIX B1  Top Side 
Test Data 
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APPENDIX B2  Bottom Side 
Test Data 
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APPENDIX C 
Photographs 
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APPENDIX D 
Test Plan 
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APPENDIX E 
Commercial Grade Dedication-Related Documents 
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The vast majority of penetration seals that will be installed throughout the MFFF will be 
designated as quality level QL-1.  For this reason, permanent penetration seal materials used in 
this test program were procured by AREVA or supplied by MOX Services and suitably base-
lined so that future procurements of the same commercial materials can undergo the 
Commercial Grade Dedication process in support Nuclear Safety Related (i.e., MOX QL-1) plant 
installations. 

Only the primary seal material(s) that were specified as a part of the final penetration seal 
design and left in place during the test needed to be base-lined for future dedication of similarly 
procured materials.  For this fire test, the following AREVA documents contain information 
associated with materials that underwent the base-lining process.  These documents establish 
material critical characteristics as a baseline for future Commercial Grade Dedication. 

 AREVA Document 51-9212659-

 AREVA Document 51-9212663-

 AREVA Document 51-9212666- Multi-Purpose Sealant Critical 

 AREVA Document 51-9212668-

 AREVA Document 51-9212670-

These documents are available from the AREVA Records Management System or the MOX 
Records Management System. 
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APPENDIX F 
Quality Documents 
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Quality Assurance Statement 

Intertek is devoted to engineering, inspection, quality assurance and testing of building 
materials, products and assemblies.  Intertek has developed and implemented a Quality 
Assurance Program designed to provide its clients with a planned procedure of order and 
document processing for inspection and testing services it provides to assure conformity to 
requirements, codes, standards and specifications.  The Program is designed to meet the intent 
of ANSI 45.2 Quality Assurance Program Requirements for Nuclear Power Plants, and complies 
with the requirements of the ASME Code, SPPE, Military Standards and other less stringent 
programs.  It is the Laboratory's intention to adhere strictly to this Program, to assure that the 
services offered to its clients remains of the highest quality and accuracy possible. 

All QA Surveillance documents remain on file at the Laboratory, and are available for inspection 
by authorized personnel in the performance of an on-site QA Audit.  All materials, services and 
supplies used herein were obtained with appropriate QA Certifications of Compliance. 
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