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2 Introduction 

Intertek Testing Services NA (Intertek) has conducted testing for AREVA NP Inc., on the fire and 
pressure resistance capabilities of Quantum Silicones QSil 5558MC Silicone Elastomer (QSil 
558MC)  , for compliance with the applicable requirements of 
and in accordance with AREVA NP Inc.  Document No. 51-9208264-000, Detailed Test Plan for 
Conducting MOX Fire-Pressure Test 1. This test took place on December 10, 2013. 

This project was undertaken to evaluate the ability of select penetration seal designs to withstand 
various pressure levels after being subjected to a fire exposure (fire test).

NOTE: The test assembly used in this fire-pressure test was the same test assembly that was 
constructed and tested in Pressure Test 5A without any changes.  Refer to AREVA 
Doc. 58-9224198-000 or Intertek Test Report No. 101276459SAT-010 for details on 
Pressure Test 5A. 

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 two shipments, June 19 and October 4, 2013, respectively.  The 
samples were received with Certificates of Conformance and are considered traceable.  Basic 
information on sealant materials is presented in the table below.   

Sealant Material Lot /Batch# Expiration Date 
QSil 5558 MC 130606 6/14/2014 
QSil 5558 MC 130912 9/30/2014 

Information regarding receiving dates and origin of all the materials in the assembly can be found 
in Appendix F: Quality Documents of Pressure Test 5A (Intertek Test Report 101276459SAT-010; 
AREVA document 58-9224201-000).  All samples were received in good condition at the 
Evaluation Center. 

3.2. SAMPLE AND ASSEMBLY DESCRIPTION 

The test assembly for Fire-Pressure Test 1 was first tested as Pressure Test 5A, and then tested 
again as Seismic Pressure Test 2A, before finally being repurposed for Fire-Pressure Test 1.   

A detailed description and drawings of the concrete deck and penetrations can be found in 
AREVA NP Inc. Document No. 51-9208264-000, Detailed Test Plan for Conducting MOX Fire-
Pressure Test 1 which is contained in Appendix E.  The installation and documentation of 
penetration seal assemblies contained within the test slab was performed by AREVA under 
AREVA Reference 12.3 in the test plan found in Appendix E).   

The opening sealed and tested in Fire-Pressure Test 1 was 
different cable types as penetrating items.  The penetrating items for this blockout included the 
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following items found in Shaw AREVA MOX Services Drawings DCS01-ZMJ-DS-NTE-N-65107-2 
Sheets 84-  [Test Plan Reference 12.10]: 

-7 

-1 

ble with 80 mil CSPE jacket, product mark no. wfa-13 

-2 

-1 

, product mark no. whe-8 

-1 

- XLPO jacket, product mark no. wfa-26 

- XLPO jacket, product mark no. wfe-6 

The cables penetrated through the opening, made 
penetrated through the opening again.  In effect the cables were looped with both ends of each 
cable terminating on the same side of the opening and f
Using this configuration prevented any pressure leakage due to air travel through the cables. 

The opening was sealed with an eight (8) inch thick Quantum Silicones QSil 5558MC Silicone 
Elastomer (QSil 5558MC) penetration seal with no permanent damming installed around the 
various penetrating commodities.  

Additionally, an approximate 2-
(resealed) using QSil 5558MC material to simulate a field repair of the penetration seal. 

4 Testing and Evaluation Methods 

Fire-pressure tests are unique in that a fire-pressure test consists of two separate tests; a 
modified fire test, followed by a pressure test.   

The Test Plan in Appendix E defines the test methods, acceptance criteria and test report 
documentation requirements for conducting MOX Fire-Pressure Test 1.  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 fire-pressure testing efforts. 

The detailed test plan also describes the procurement plan for materials associated with Fire-
Pressure Test 1 and identifies the entities responsible for procuring the various components of the 
test assemblies 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 assemblies and links quality requirements in the AREVA QA program to 
customer/project quality requirements. 
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4.1. INSTRUMENTATION FOR FIRE TESTING 

Six (6) 24 GA, Type K, fiberglass jacketed thermocouples were as depicted on the drawings 
contained in Appendix B.  The output of the thermocouples was monitored by a 300-channel 
Yokogawa, Inc., Darwin Data Acquisition Unit.  The computer was programmed to save data 
every 30 seconds.  Following the test, those files were imported into MS Excel for tabular and 
graphical display (presented in Appendix C1).   

4.2. TEST STANDARD FOR FIRE TESTING 

ASTM E814-94b, Standard Test Method for Fire Tests of Through-Penetration Fire Stops 

request.  The acceptance criteria identified in ASTM E814-94b, Standard Test Method for Fire 
Tests of Through-Penetration Fire Stops are identified below.  

A fire stop (penetration seal) shall be considered as meeting the requirements for an F-rating 
when it remains in the opening during the fire test and hose stream test within the following 
limitations: 

a) The fire stops (penetration seals) shall have withstood the fire test for the rating period 
without permitting the passage of flame through openings, or the occurrence of flaming on 
any element of the unexposed side of the fire stops (penetration seals) 

b) During the hose stream test, the fire stops (penetration seals) shall not develop any 
opening that would permit a projection of water from the stream beyond the unexposed 
side.  

4.2.1 Deviation from Standard Method 

Engineering thermocouples were installed on each fire stop system generally in accordance with 
the test standard, but not in all cases.  Therefore, thermocouple data is presented for information 
purposes and was not used to determine compliance for T-ratings. 

The test plan did not require a hose stream test, so none was conducted.  As such, F-ratings were 
not applicable for this test. 

4.3. TEST APPARATUS FOR PRESSURE TESTING

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. 

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 
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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 include the following devices: 

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

-1/2  spacing 

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 
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During initial system start-up testing and verification, it was discovered that the data acquisition 

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. 

For this test, the Test Plan required pressure was applied and maintained using the DAQ reported 

reported 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 

the test when both pressure chambers were at atmospheric conditions.  
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4.4. TEST STANDARD FOR PRESSURE TESTING 

AREVA NP Inc.  Document No. 51-9208264-000, Detailed Test Plan for Conducting MOX 
Fire-Pressure Test 1. 

The requirements for fire rated penetration seals are discussed in DCS01-BRA-DS-TRD-B-01365-
0, Technical Requirements Document for MFFF Penetration Seals [Test Plan Reference 12.5].  
These requirements include the need for fire barrier penetration seals to be F-rated, 
commensurate with the hourly rating of the fire barrier in which they are installed.  Additionally, 
these requirements also discuss the need for fire barrier penetration seals to withstand different 
forms of pressure concurrent with a fire (i.e., fire induced pressures and pressures from clean 
agent system discharge). 

The MOX qualification strategy for concurrent fire and pressure conditions was to fire test 
penetration seals following consensus codes and standards committed to by the MOX project 
(ASTM E 814-
from standard test method ASTM E 814-94b for maintaining furnace pressure (i.e., furnace 
pressure at 0.01 in. wg greater than the pressure on the unexposed side of the test assembly). 

Separate penetration seal assemblies will be pressure tested using detailed test plans for 
conducting pressure tests. 

Finally, some additional test assemblies, such as the assembly to be tested under this Test Plan, 
underwent a limited duration fire test (30 minute duration) with the fire tested specimens then 
subjected to subsequent pressure tests. 

The results of fire testing, pressure testing and combination limited duration fire tests followed by 
pressure testing of the same assembly served as the overall qualification for penetration seals 
required for concurrent fire and pressure conditions. 

Based on the above, the specific acceptance criteria to be used for combination fire-pressure 
testing were as follows: 

1. During the limited duration fire endurance portion of the test, the fire stops (penetration 
seals) shall have withstood the fire test for the limited 30 minute duration without 
permitting the passage of flame through openings, or the occurrence of flaming on any 
element of the unexposed side of the fire stops (penetration seals). 

2. After the limited duration fire test, any residual flaming on the exposed side of the test 
assembly shall be extinguished with water.  Following flame extinguishment, the fire stops 
(penetration seals) shall remain in place such that the unexposed side of the penetration 
remains completely sealed. 

3. During the pressure test, the fire stops (penetration seals) are allowed to leak.  However, 
the fire stops (penetration seals) shall remain in place (i.e., shall not become dislodged 
from the opening or otherwise catastrophically fail). 

The anticipated fire-induced differential pressures, as they apply to MFFF penetration seal 
designs, are discussed in DCS01-BRA-DS-TRD-B-01365-0 [Test Plan Reference 12.5] and in 
calculation DCS01-ASI-DS-CAL-R-10552 [Test Plan Reference 12.6].  Most areas of the facility 
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5 Testing and Evaluation Results 
5.1. RESULTS AND OBSERVATIONS 

5.1.1. Fire Test  

small-scale ( ) horizontal furnace on 
December 10, 2013. Scott Groesbeck from AREVA was present to witness the test.  The ambient 
temperature at the start of the test was 54°F, with a relative humidity of 45%.  

The furnace was fired at 10:20 a.m. and the standard time/temperature curve in ASTM E814-94b 
was followed for a period of 30 minutes.  After the first 5 minutes, the pressure differential 

laboratory ambient air was maintained at a nominal 0.00 inches of water column, which resulted in 
  Approximately 9 minutes into the 

test, the concrete began to spall due to trapped steam in the test deck.  After the test, it was 
observed that up .  There was no hose 
stream test required for this fire-pressure test.  However, water was applied with a standard 
garden hose to extinguish residual flaming as allowed by the test plan.  The assembly was 
allowed to cool for several hours prior to conducting the subsequent pressure test. 

Following the fire test, it was observed that the bottom side of the seal had charred to a depth of 
 to the bottom side of the seal, 

leaving only the copper conductors.  The top side of the seal appeared unchanged. 

Listings of the furnace control temperatures and specimen unexposed surface temperatures may 
be found in Appendix C1.  Photographic documentation of the test has been included in Appendix 
D1. 

5.1.2. Pressure Test 

The test plan stated that the pressure bonnet was to be attached on the side of the test assembly 
that had been exposed to fire during the fire test.  However, due to the excessive amount of 
concrete spalling during the fire test, it was not possible to attach the pressure bonnet to the 
exposed side of the test deck.  With concurrence from the AREVA Test Engineer, the decision 
was made to attach the pressure bonnet to the top side (unexposed side) of the test assembly.  

-
Head) through 16 pre-drilled holes.  Silicone II caulk (GE) was used to create a pressure tight seal 
between the pressure chamber and the test deck. 

The test was initiated at 4:18 p.m. on December 10, 2014.  Scott Groesbeck representing AREVA 
NP Inc. was present to witness the test.  The ambient temperature at the start of the test was 
55°F, with a relative humidity of 34%.

The test procedure followed that presented in Section 9.0 of the Test Plan.  During both stages of 
the pressure test, a soapy-water solution was applied to the non-pressurized side of the seal 
assembly.  No leakage was detected.  The graph and table on the following page(s) provide a 
summary of results and observations for the two pressure stages. 
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Listings of the pressure data may be found in Appendix C2.  Photographic documentation of the 
test has been included in Appendix D2. 
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Penetration Fire Stops.  In addition, The seals met the acceptance criteria (remained in place) 
through all pressure stages as defined in the Test Plan.  These results apply only to the 
configurations and materials tested. 

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: _ 
 Joseph Zatopek 

Engineering Team Leader, Fire Resistance 

Reviewed by: 
 Michael A. Brown 
 Quality Supervisor 
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APPENDIX A 
Assembly Drawings 
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APPENDIX B 
Thermocouple Layout 
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Pen. No. TC No. TC Location Mark No. 

SLAB  TC#3  Surface - Test Slab 

Pen 1  TC#1  Surface - QSil 5558MC 
Pen 1  TC#2  Surface - QSil 5558MC (Repaired Area) 
Pen 1  TC#4  Penetrant - 3/C #10 Cable 1" Up  WFA-26 
Pen 1  TC#5  Penetrant - 3/C #2 Cable 1" Up  WFE-6 
Pen 1  TC#6  Penetrant - 37/C #10 Cable 1" Up  WFA-13 

Thermocouple Layout, Fire-Pressure Test 1
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APPENDIX C 1 
Temperature Data 



AREVA NP Inc.  September 4, 2014
Report No. 101266224SAT-007  Page 31 of 132  



AREVA NP Inc.  September 4, 2014
Report No. 101266224SAT-007  Page 32 of 132  



AREVA NP Inc.  September 4, 2014
Report No. 101266224SAT-007  Page 33 of 132  



AREVA NP Inc.  September 4, 2014
Report No. 101266224SAT-007  Page 34 of 132  



AREVA NP Inc.  September 4, 2014
Report No. 101266224SAT-007  Page 35 of 132  



AREVA NP Inc.  September 4, 2014
Report No. 101266224SAT-007  Page 36 of 132  

APPENDIX C 2 
Pressure Data 
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APPENDIX D 1 
Photographs: Fire Test 
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APPENDIX D 2 
Photographs: Pressure Test 
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APPENDIX E 
Test Plan 
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APPENDIX F 
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 51-9212663-

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

The test assembly used in Fire-Pressure Test 1 was the same assembly tested in 
Pressure Test 5A.  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 Pressure Test 5A (Intertek Report No. 
101276459SAT-010; AREVA document 58-9224198-000).
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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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