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2 Introduction 

Intertek Testing Services NA (Intertek) has conducted testing for AREVA NP Inc., on the 
seismic pressure resistance capabilities of Arlon Silicone Impregnated Fiberglass Fabric, IDEAL 

® Durablanket®,S   Quantum 
Silicones QSil 5558MC Silicone Elastomer, Dow Corning® Sylgard 170 Silicone Elastomer,    
Promatec SF-150NH High-Density Silicone Elastomer, Dow Corning® 732 Multi-Purpose 
Sealant and Dow Corning® 790 Silicone Building Sealant thick concrete deck, for 
compliance with the applicable requirements of and in accordance with AREVA NP Inc.  
Document No. 51-9208265-000, Detailed Test Plan for Conducting Seismic Pressure Test 4. 
This evaluation took place on October 22, 2013. 

This project was undertaken to evaluate the seismic pressure resistance capabilities of the test 
assembly using alternating pressures at the air pressure increments above atmospheric 
pressure. 

NOTE: The test assembly used in this seismic pressure test was the same test assembly that 
was constructed and tested in Pressure Test 6 without any changes.  Refer to AREVA 
Doc. 58-9223133-000 or Intertek Test Report No. 101276459SAT-001B for details on 
Pressure Test 6. 

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 10, 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.   

Information regarding receiving dates and origin of all the materials in the test assembly can be 
found in Appendix F: Quality Documents of Pressure Test 6 (Intertek Test Report No. 
101276459SAT-001B; AREVA document 58-9223133-000).  All samples were received in good 
condition at the Evaluation Center. 

Sealant Material Lot /Batch# Expiration Date 
Arlon 56493F031 Boot Material 080212Z7F NA 

Ideal Hose Clamps 64720, 64104, 64880 
(Series Numbers) 

NA 

Durablanket® S 32039 NA 
QSil 5558 MC 130606 6/14/2014 

DC- 790 Sealant 0007390959 4/24/2014 
DC- 170 Elastomer  063B03 6/30/2014 

SF-150NH Elastomer  NH093B04 3/31/2014 
DC- 732 Sealant 0007251823 5/29/2014 
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3.2. SAMPLE AND ASSEMBLY DESCRIPTION 

The test assembly used in this test was the same assembly tested first as Pressure Test 6.  A 
detailed description of the test assembly can be found in AREVA NP Inc. Engineering Record 
51-9208265-000, Detailed Test Plan for Conducting Seismic Pressure Test 4 which is contained 
in Appendix D.  For drawings of the concrete deck and penetrations please refer to Appendix A 
of Pressure Test 6 (Intertek Report No. 101276459SAT-001B; AREVA document 58-9223133-
000).  The test assembly consisted 

 diameter openings, and 
The installation and documentation of penetration seal assemblies 

Program (Reference 12.4 in the test plan found in Appendix D). 

4 Testing and Evaluation Methods 

This Test Plan in Appendix D defines the test methods, acceptance criteria and test report 
documentation requirements for penetration seal Seismic Pressure Test 4.  Additionally, this 
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 seismic pressure 
testing efforts. 

This detailed test plan also describes the procurement plan for materials associated with 
penetration seal Seismic Pressure Test 4 and identifies the entities responsible for procuring the 
various components of the test assembly based on the quality level assigned to each 
component. 

The Test Plan also establishes minimum quality requirements for the penetration seal materials 
used in the test assembly 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 for seismic qualification purposes, the MOX Penetration Seal 
Program has developed a standardized method for conducting seismic pressure testing of MOX 
penetration seal designs.  Specifically, seismic pressure testing will be used to evaluate the 
seismic inertia of the self-weight of the seal assembly by applying an equivalent pressure to 
alternating sides of a penetration seal assembly.  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 
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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 include the devices described 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 
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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 



AREVA NP Inc.  August 7, 2014 
Report No. 101276459SAT-005  Page 12 of 202  

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. 

-0.025 psi.  For this test, 
the Test Plan required pressure was applied and maintained using the DAQ reported differential 

some level of negative pressure at the 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 

when both pressure chambers were at atmospheric conditions.  
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4.2. TEST STANDARD 

AREVA NP Inc.  Document No. 51-9208265-000    

Seismically qualified penetration seals at the MOX facility are required to remain in the opening 
(penetration) during and after a Design Earthquake seismic event. In order demonstrate that a 
penetration seal will remain in place, the seal has to be evaluated for two conditions: 1) The 
seismic inertia of the self-weight of the seal has to be evaluated; and 2) The seismic deflection 
of the commodities penetrating the seal has to be considered. 

Seismic pressure testing was used to evaluate the seismic inertia of the self-weight of the seal 
assembly. This was accomplished by applying a pressure to alternating sides of the penetration 
seal to demonstrate that the seal would not become dislodged from the opening due to the 
seismic inertia of the self-weight of the seal. The seismic deflection of commodities that 
penetrate the seal will be addressed by a separate analysis. 

Ultimately, the overall seismic qualification of MOX penetration seal assemblies will be captured 
in a penetration seal seismic qualification report that will tie together the results of seismic 
pressure testing with other analyses performed to address seismic deflection of commodities 
that penetrate the seal. 

The acceptance criterion for evaluating the seismic inertia of the seal self-weight is calculated in 
Reference 12.1] and 

expressed as an equivalent pressure. Testing at this equivalent pressure will qualify that a 
penetration seal assembly will remain in place (i.e., the penetration seal cannot become 
dislodged from the opening or otherwise catastrophically fail such that a substantial leakage 
path is created) during the design earthquake seismic event. 

The relative movement of the items penetrating a seal and the movement of the wall / seal 
during a seismic event are not considered as a part of this test. A separate engineering 
evaluation is required to evaluate the effect of movement on a seal with penetrating items during 
a seismic event. 

No pressure inducing events were required to be considered concurrently with a seismic event. 

The table below identifies the differential pressure levels (stages) for conducting this seismic 
pressures test, as well as, the acceptance criteria in order for the penetration seal assemblies to 
meet the seismic pressure testing requirements. 
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Considering there are two boots required for each assembly (one boot on each side of the wall), a 
conservative approximation of the mass of the boot material would be 4 lbs.  A bead of silicone 
caulk is installed and spread at the longitudinal seam of the boot and at the boot to pipe and boot 
to sleeve interface.  A conservative approximation for the mass of caulk required to assemble and 
install a one square foot boot assembly on both sides of a wall or floor penetration would 2 lbs.  
The stainless steel hose clamps are completely self-supported by their compressive force and 
thus, they do not add to the mass of the overall boot seal assembly.  Therefore, a conservative 
total mass for a one square foot boot assembly is 18 lbs (or 18 psf; approximated by 12 lbs of 
ceramic fiber plus 4 lbs of boot fabric plus 2 lbs of silicone caulk for a 1 square foot penetration 
sealed with a boot assembly).  This mass is approximately 1/3 the mass per square foot for the 
silicone elastomer seal material being qualified in Seismic Pressure Test 4.  Therefore, boot 
assembly seismic qualification is bounded by the 45 inches w.g. being applied in this test.

The test assembly was attached to the seismic pressure test apparatus and subjected to the 
pressures identified in the table above.  

For Stage 1, the test assembly was attached to the seismic pressure test apparatus and 
subjected to air pressure test at the select pressure level identified in the table above.  Once this 
pressure was obtained, the pressure was maintained for the hold time specified.  If the 
penetration seal catastrophically failed during this time, the time of failure was to be noted and 
the test stopped. 

Once the designated hold time for Stage 1 was achieved, the pressure was vented from the test 
chamber.  Next, the pressure identified in the table for Stage 2 was applied to the opposite side 
of the penetration seal and held for the designated hold time.  If the penetration seal 
catastrophically failed during this time, the time of failure was to be noted and the test stopped. 

Once the designated hold time for Stage 2 was achieved, the pressure was vented from the test 
chamber.  Next, the pressure identified in the table for Stage 3 was applied to the original side 
of the penetration seal and held for the designated hold time.  If the penetration seal 
catastrophically failed during this time, the time of failure was to be noted and the test stopped. 

Once the designated hold time for Stage 3 has been achieved, the pressure was vented from 
the test chamber.  Finally, the pressure identified in the table for Stage 4 was applied to the 
opposite side of the penetration seal and held for the designated hold time.  If the penetration 
seal catastrophically failed during this time, the time of failure was to be noted and the test 
stopped. 

Following completion of Stage 4 seismic pressure testing, the pressure was vented from the test 
chamber.  At this point, the test was continued at the discretion of the AREVA test engineer and 
the testing laboratory manager in charge.  Subsequent pressures, and hold times were recorded 
as directed by the AREVA test engineer. 

NOTE: The pressure used for the testing performed above was based on a seal 
material depth of 8 inches and a seal material density of 85 pcf.  Since the test was 
successful, subsequent testing pressures were evaluated for a 10 inch depth of 
material (56 inches w.g.) and a 12 inch depth of material (67 inches w.g.).  These 
tests were designated Stages 1a-4a and 1b-4b, respectively. 

If at any pressure level (or test stage) the penetration seal became dislodged from the opening 
or otherwise catastrophically failed, the seismic pressure test was to be terminated and the time 
to failure and pressure at which the failure occurred was recorded. 
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5 Testing and Evaluation Results 
5.1. RESULTS AND OBSERVATIONS 

The test was initiated at 10:30 a.m. on October 22, 2013.  Scott Groesbeck, representing 
AREVA NP Inc. was present to witness the test.  The ambient temperature at the start of the 
test was 70°F, with a relative humidity of 39%.  

The test procedure followed that presented in Section 9.0 of the Test Plan, except that at the 
completion of Stage 4 the pressure was not vented from the bottom chamber.  In lieu of this, the 

continued.  This resulted in Stage 4a concluding with the pressure being applied to the top side 
of the test assembly.  A similar process was followed, the top side pressure of 67 w.g. applied, 
and the test continued for Stages 1b-4b.  This minor deviation from the prescribed test method 
was conducted with the verbal approval of the AREVA Test Engineer and is deemed to have 
had no adverse impact on the outcome of the test results.   

The graphs and table on the following page(s) provide a summary of results and observations 
for the various pressure stages, any observed leakage, and whether the seal remained in place.  
Appendix B of this test report contains the raw data for this test. 

The graphs are based on data collected throughout the entire test process, including the time 
periods between stages when the pressure chamber was being vented and refilled.  Pressure 
spikes and leakage rates displayed for time periods between stages should not be 
misinterpreted, as recorded leakage may have been caused by intentional venting of the 
pressure chamber though a mass flow meter. 

Additionally, it should be noted that when changing between mass flowmeters during a pressure 
a test, valve lineups and flowpath routes are changed.  The time it takes to manipulate the 
valves, differences in tubing sizes, orifice sizes and mass flowmeter throughput capacity all 
affect bonnet pressure on the leakage side of the test assembly which can affect recorded 
leakage values.  Generally, the input air on the opposite side of the test assembly remains 
constant during this time period, since manipulation of the input pressure regulator would 
require additional operator action.  This results in reported differential pressure fluctuations 
which typically show up as pressure spikes when the raw data is graphed.  Within a few minutes 
of mass flowmeter switchover, the system stabilizes to the new lineup and the data results in a 
more uniform graph. 

Therefore, it is important to analyze the data compiled during the hold times for each pressure 
stage and not the data before, after or in between pressure stages.  The summary table 
presented after the graphs identifies the approximate start time and stop times for each 

heading for the raw data contained in Appendix B of this report.  The official start and stop times 
for each pressure stage were timed using a traceable, calibrated stopwatch.   
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Stage 1-4 
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Stage 1a-4a 
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Stage 1b-4b 
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5.2. POST TEST EXAMINATION 
Following completion of Seismic Pressure Test 4, the top bonnet was removed and the top side 
of the test specimen was visually inspected.  This inspection revealed the following: 

 Integrity of seal and conditions on the exposed side of the penetration   
 No visual changes were observed. 

 Location of any penetration seal degradation  
 No visual changes were observed. 

 Condition of seal to barrier interface 
 No visual changes were observed. 

 Condition of seal to penetrating item interfaces 
 No visual changes were observed. 

Following visual inspection of the top side of the test assembly, pressure was applied to the 
bottom chamber and a soapy-water solution was sprayed on the top side of the seal.  Leaks 
were observed at the following locations: 

 Pen. 1 - Leaks at galvanized sleeve to concrete interface.  Leaks at boot/pipe interface (See 
discussion below regarding destructive examination for the source of this leak). 

 Pen. 2  Leaks at DC-170/sleeve interface.  Leaks at QSil 5558MC/sleeve interface. 
 Pen. 3  No leaks. 
 Pen. 4  Only leak is at sleeve seam bolt which was not caulked. 

Destructive Examination

A destructive examination of Pen. 1 was conducted to investigate the leak at the boot/pipe 
interface.  This effort revealed that the leak was occurring at the clamp head due to a tiny 
fold in the boot material that created a tunnel for leakage.  See pictures in Appendix C. 

Finally, the slab was removed from the bottom bonnet and the bottom side of the test assembly 
was inspected.  No visual changes were noted on the bottom side of the test assembly. 
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6 Conclusion   

Intertek Testing Services NA (Intertek) has conducted testing for AREVA NP Inc., on the 
seismic pressure resistance capabilities of Arlon Silicone Impregnated Fiberglass Fabric, IDEAL 

® Durablanket®,S   Quantum 
Silicones QSil 5558MC Silicone Elastomer, Dow Corning® Sylgard 170 Silicone Elastomer,    
Promatec SF-150NH High-Density Silicone Elastomer, Dow Corning® 732 Multi-Purpose 
Sealant and Dow Corning® 790 Silicone Building Sealant in  for 
compliance with the applicable requirements of and in accordance with AREVA NP Inc.  
Document No. 51-9208265-000, Detailed Test Plan for Conducting Seismic Pressure Test 4.  
This evaluation took place on October 22, 2013. 

The seals in Seismic Pressure Test 4 met the acceptance criteria as defined in the Test Plan. 

This project was undertaken to evaluate the seismic pressure resistance capabilities of the test 
assembly using alternating pressures at the air pressure increments above atmospheric 
pressure. 
. 
The conclusions of this test report may not be used as part of the requirements for Intertek 
product certification.  Authority to Mark must be issued for a product to become certified. 

INTERTEK TESTING SERVICES NA  

Reported by: 
 Mike Dey 

Staff Engineer 

Reviewed by:  
 J

Project Engineer, Fire Resistance 

Reviewed by: 

 Michael A. Brown 
 Quality Supervisor
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APPENDIX A 
Assembly Drawings 

The test assembly used in Seismic Pressure Test 4 was the same assembly tested in 
Pressure Test 6.  A detailed description of the assembly is presented in the Test Plan in 
Appendix D.   For drawings of the assembly, please refer to the final test report for 
Pressure Test 6 (Intertek Report No. 101276459SAT-001B; AREVA document 58-
9223133-000).
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APPENDIX B 
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 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 51-9212663-000, 

 AREVA Document 51-9212666- -Purpose Sealant Critical 

 AREVA Document 51-9212668-

 AREVA Document 51-9212669-

 AREVA Document 51-9212670-

 AREVA Document 51-9212671-
Characteri

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

The test assembly used in Seismic Pressure Test 4 was the same assembly tested in 
Pressure Test 6.  For Quality Records of installation, Certificates of Conformance of the 
sealant materials, and QA Receiving Documents of the penetration materials for this, 
assembly, please see the Appendices in Intertek Report No. 101276459SAT-001B 
(Pressure Test 6) [AREVA document 58-9223133-000].
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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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