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FRANCES PIMENTEL 
Senior Project Manager,  
Risk and Technical Support 
 
1201 F Street, NW, Suite 1100 
Washington, DC 20004 
P: 202.739.8132 
fap@nei.org 
nei.org 

September2, 2020 
 
Office of Administration 
Mail Stop: TWFN-7-A60M 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555-0001 
ATTN: Program Management, Announcements and Editing Staff 
 
Project Number: 689 
 
Subject: NEI Comments on Draft NUREG-2240, ‘‘Development of an Ex Situ Performance Testing Protocol 
for Nuclear Power Plant Flood Penetration Seals.’’  Docket ID NRC-2018-0028. 
 
Submitted via regulations.gov 
 
Dear Program Management, Announcements and Editing Staff, 
 
The Nuclear Energy Institute (NEI)1, on behalf of our members, appreciates the opportunity to provide 
comments on the subject Draft NUREG-2240, ‘‘Development of an Ex Situ Performance Testing Protocol for 
Nuclear Power Plant Flood Penetration Seals.’’ The purpose of this letter is to provide the attached 
comments which recommend several changes to improve clarity on the intent of the research presented and 
enhance the described testing protocol. 
 
The document states the projects two main goals are: 1) to develop an understanding of the types, sizes, 
and application of flood seals in nuclear power plants; and 2) to develop a testing protocol that could be 
used to evaluate seal performance. Also, the abstract indicates that the developed test protocol could be 
used as a starting point or framework for the future development of an industry consensus standard.  
However, the driver or purpose of this research test effort is not clearly understood. Without a clear purpose 
it cannot be determined if the test protocol adequately meets the intent of the project. 
 
In general, draft NUREG-2240 is intended to offer an appropriate process for obtaining measurements 
during laboratory pressure testing of penetration seals since no industry consensus standard currently 
exists. However, the document inconsistently describes the project’s intent and how the guidance should be 
used. For example, the abstract indicates that the test protocol developed in this project provides, “…NRC 
                                            
1 The Nuclear Energy Institute (NEI) is responsible for establishing unified policy on behalf of its members relating to matters affecting the nuclear energy 
industry, including the regulatory aspects of generic operational and technical issues. NEI’s members include entities licensed to operate commercial 
nuclear power plants in the United States, nuclear plant designers, major architect and engineering firms, fuel cycle facilities, nuclear materials licensees, 
and other organizations involved in the nuclear energy industry. 
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staff and other interested parties with information on how to evaluate flood penetration seal performance in 
a laboratory setting,” whereas, the executive summary states, “this test protocol will provide NRC staff and 
other interested parties with information on how one could conduct such tests.” This is just one example 
where subtle wording changes have obscured the intent of this guidance. We recommend that the purpose 
of this project be consistently stated throughout the document and that limitations in using this document to 
assess the performance of flood barrier seals be discussed consistently throughout. 
 
Also, draft NUREG-2240 indicates that, “The piping, cables, conduit, and other penetrating items anticipated 
for flood rated barriers should be representative of the field configurations for which the seal assembly is 
intended and the flood resistance rating is desired,” however, this document does not provide information 
regarding configurations considered representative. This gap in information may become problematic for 
future testing if not addressed as part of the protocol. The use of representative samples in boundary 
(upper/lower) configurations should be explored to reduce test sample populations. 
 
Additionally, while the testing protocol developed focuses on pressure testing using a pressure chamber 
filled with water, a majority of past pressure testing from the vendors (that utilities have on-file) was done 
with air pressure. We have concerns that the prescribed testing protocol using water would be an 
unnecessary hardship if it became mandatory or required as part of an industry standard. Given these 
concerns, we recommend that the protocol be revised to allow the use of air in place of water. 
 
Finally, the testing protocol specifies the use of an Independent Testing Laboratory to perform the testing.  
We believe this is an overly prescriptive requirement and recommend that the protocol be revised to allow 
testing performed under a qualified QA program. 
 
We appreciate the NRC’s effort in developing this draft guidance and encourage your consideration of all 
stakeholder comments prior to finalizing this draft NUREG. Please contact me at fap@nei.org or (202) 739-
8132 with any questions or comments about the content of this letter or the attached comments. 
 
Sincerely, 
 
 
 
Frances A. Pimentel 
 
Attachment 
 
c: Mr. Thomas Aird, RES/DRA/FXHAB, NRC 
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Attachment 1 
Detailed Comments on Draft NUREG-2240: Development of an Ex Situ Performance Testing Protocol for 

Nuclear Power Plant Flood Penetration Seals 
 

 

Section Comment/Basis Recommendation 

Page 5 of 87 
(iii) Abstract 
1st paragraph 

Clarify the intent of the project. Does it apply to seals 
associated with external walls, seals associated with 
internal walls/floors, or all? 
 

Introduction Section 1.1, Appendix A, 
Section A.1, and Appendix B, Section 
B.2, implies all.  Add clarifying 
information about which seals the project 
is associated with in the Abstract. 
 

Page 5 of 87 
Abstract, 5th 
paragraph 

The first sentence states the testing protocol provides 
information: “…. provides NRC staff and other 
interested parties with information on how to 
evaluate flood penetration seal performance in a 
laboratory setting”.  This statement or paragraph 
needs clarification.  Will the NRC expect 
utilities/licensees to use this same 
report/information/method?  Are other methods 
acceptable for use? 
The wording on page 81, Section B.1, 3rd paragraph 
contains a better description of the purpose of the 
research program being to “develop a standardized 
testing protocol…”. 
 

Clarify the purpose consistently 
throughout the document. 
 

Page 13 of 87 
(xi) 
Executive 
Summary 1st 
Paragraph 

Clarify the intent of the project. Does it apply to seals 
associated with external walls, seals associated with 
internal walls/floors, or all? 
 

Introduction Section 1.1, Appendix A, 
Section A.1, and Appendix B, Section 
B.2, implies all.  Add clarifying 
information about which seals the project 
is associated with in the Executive 
Summary. 
 

Page 14 of 87 
Executive 
Summary 
1st paragraph on 
page 

“The abrupt and complete dislodgement of a single 
seal assembly terminated the majority of these 
pressure tests.”   
Were the tests overly conservative?  Was this the 
expected failure mechanism? How does this inform 
any PM activities or penetration seal life at our 
plants? 
This failure mechanism needs to be better understood 
in order to prevent overly restrictive mandates given 
later. 
 

Add information on the expected failure 
mechanism during the testing. 
 

Page 18 of 87 
Section 1.1 
Background and 
Motivation 

Intent of research is development of a test protocol 
for testing the performance of flood penetrations 
seals.  The protocol states; “The piping, cables, 
conduit, and other penetrating items anticipated for 
flood rated barriers should be representative of the 

Provide information regarding 
configurations considered representative, 
worst case or bounding for piping, 
cables, conduit, and other penetrating 
items anticipated for flood rated barriers. 



Section Comment/Basis Recommendation 

3rd paragraph 
starting with 
“Currently, 
there are no 
known standard 
test methods for 
penetration 
seals….” 
 

field configurations for which the seal assembly is 
intended and the flood resistance rating is desired” 
but does not provide information regarding 
configurations considered representative, worst case 
or bounding (for example as discussed in NRC 
Information Notice 88-04).  Is there a future intent to 
address this portion of the test protocol? 
 

 

Page 19 of 87 
Section 1.2.2, 
3rd paragraph 

“Overall, the test protocol provided appropriate 
procedures for measuring the performance of the 
penetration seals during the laboratory pressure test.  
No significant shortcomings were identified during 
the test series.” 
This appears to be misleading as there were 
numerous failures of the test samples and none 
successfully tested for the full three hours. 
 

Revise this paragraph to include there 
were failures in the first series of tests. 
 

Page 20 and 21 
of 87 Sections 
2.1.1 and 2.1.2 

These sections list INs and LERs containing 
information pertaining to penetration seals but the 
discussion leaves the reader questioning whether the 
issues discussed were addressed. 
 

These sections should be revised to 
include that corrective actions from INs 
and LERs were taken by licensees to 
address the as found conditions. 
 

Page 24 of 87 
Section 2.2.5 

Section 2.2.5 identifies that “blocking [damming] 
material may be permanent or temporary . . .” and it 
is “generally left in place after the foam or elastomer 
seal has set.”  I might consider revised verbiage 
because generally the damming is removed from 
penetration seals for testing if it is not an integral part 
of the seal design.  This is in part because seals 
installed in walls require removal of the damming to 
facilitate inspection and assure seal integrity.  There 
is a distinct advantage to testing without damming 
because if damming is not required (permanent) it is 
not generally reinstalled.  If the qualification testing 
for a seal design includes left in place damming then 
the damming would generally be considered 
permanent (part of the seal design).  In part, the NRC 
addressed this concern for Fire Barrier Penetration 
Seals through Information Notice 88-56. 
 

Revise the verbiage in regards to 
damming material because generally the 
damming is removed from penetration 
seals for testing if it is not considered an 
integral part of the seal design. 
 

Page 24 of 87 
Section 2.2.6 

1st paragraph sates “Four of these licensee responses 
provided sufficiently detailed information regarding 
the size and types of penetrations in order to generate 
the following summary figures.  Although not all–
encompassing, this sample gives an indication of the 
types and sizes of penetrations found at NPPs.” 
Were the “four…licensees” from the same utility, of 
type same vintage/design?  If so – this may NOT be a 

Identify potential limitations in the 
application of the 4 licensee responses 
used to develop Figures 2-1 thru 2-4. 
 



Section Comment/Basis Recommendation 

representative sample of penetrations found at all 
licenses/reactors. 
 

Page 24 of 87 
Section 2.2.6 

2nd paragraph states: “Figure 2-1 depicts conduit 
internal diameters across the four licensee plants. 
These conduits are typically provided with internal 
seals.”  It appears some conduits have internal 
conduit seals (Figures 4-5, Table 4-3 row 3.4, Table 
4.4 row 4.3), so the one penetration actually has two 
seals.  Do the tests in this report take credit for testing 
those?  It is not really discussed. 
 

Add detail concerning whether the test 
was set up, or can be set up, to quantify 
any internal conduit seals leakage. 
 

Page 27 of 87 
Section 3.2 
Performance 
Criteria 
1st paragraph 
 

1st paragraph 
“…the test protocol was developed to be 
performance-based without any prescriptive language 
detailing pass fail or acceptance criteria.” 
While the tests conducted in this test series all failed 
abruptly, all seals may not fail in that manner.  
Thought needs to go into failure indications 
(initiation of leakage, seal degradation).  If further 
testing on additional seals shows that some seals 
“leak before break”, what will be the determination 
of “pass or fail”?  What amount of leakage is 
acceptable? 
 

Add clarification so that an end user of 
the standard protocol understands that 
they need to determine and apply any 
application specific criteria needed to 
make performance-based determinations 
from the test being performed. 
 

Page 28 of 87 
Section 3.3 
Paragraph 
beginning with 
“Many…” 
 

Without specifying acceptance criteria and other test 
parameters, it seems that there is no standard. 
 

Comment only. 
 

Page 28 of 87 
Section 3.3 
Last Paragraph 
 

It is noted that although “In-Situ” testing is beyond 
the scope of this research effort, “this presents a 
possible future research area.” 
 

If “In-Situ” testing is ever pursued, the 
industry wants to be involved in the 
development of any testing protocols. 
 

Page 29 of 87 
Section 4.2 

Note that the vast majority of past pressure testing 
from the vendors (that utilities have on-file) was done 
with air pressure, with no water on the surface.  It 
would be an unnecessary hardship if this new test 
method became mandatory. 
 

Address the use of air versus water as a 
suitable method of testing flood pressure 
seals. 
 

Page 31 of 87 
Section 4.3.2 

“With the exception of those seal assemblies installed 
by a Manufacturer’s representative, all formed in 
place seal assemblies (e.g., low density foams, 
elastomers, caulks, etc.) were installed at a uniform 
depth of approximately 8-inches (20 cm) as measured 
from the exposed face of the test deck.” 
This is the only indication regarding the installed 
depth of the seal design such that if caulk is used in 

It would be helpful to provide a clear line 
of site in identifying penetration seals 
that deviate from the 8-inch depth and/or 
installed by a manufacturer’s 
representative (historic perspective). 
 
 
 



Section Comment/Basis Recommendation 

the seal we can assume it to have a depth of 8-inches, 
etc.  There are some materials designated by 
manufacture and mechanical seals which do not 
appear to be 8-inch depth.  
 
Section 4.3.2 goes on to identify that; “a number of 
penetrations within the test decks were sleeved prior 
to the seal installation. In these cases, a hollow, 
metal, or PVC sleeve was built into the concrete test 
deck.”   
Where the penetration is sleeved the NUREG 
identifies that a sleeve was provided but does not 
identify the sleeve (substrate) material.  Also, where 
a seal is penetrated by pipe (or penetrant), this 
material (substrate) does also not appear to be 
identified.  Some of the materials can be inferred 
from pictures in the report.  It is noted that some PVC 
was used which would be an unusual sleeve 
configuration for use in a US NPP. 
 
In terms of section 4.3.2 Seal Assembly Design and 
Installation, it may be of value to consider 
documenting some parameters that have been 
identified as important to installation of these 
materials and their pressure resistance (operating 
experience) 
 

 
 
 
 
 

Identification of the sleeve and 
penetrating object substrates would be 
helpful if included in the document. 
 
 
 
 
 
 
 
 
 
 
 
 
Some additional parameters to consider to 
include in this section are: 
Cure Time:   
Seal materials, in particular RTV foams 
undergo an exothermic reaction 
expanding and hardening quickly (a few 
minutes), however, just after these 
materials “snap” they are warm (thermally 
expanded) and gases liberated during the 
vulcanization process remain trapped in 
the material resulting in additional 
compression. 
Installed Material Density 
Particularly for RTV foams material 
installed in the opening expands filling 
the void space and then subsequent 
expansion is restrained and only results in 
additional material compression.  Since 
these silicone materials do not typically 
bond with the substrate this compression 
has a significant impact on the pressure 
resistance of the installed seal. 
Sleeve Material: 
As requested previously, substrate 
materials also have considerable impact 
on pressure resistance of some penetration 
seal materials and thus there would be 
value in identifying the sleeve and 
penetrating object materials even though 



Section Comment/Basis Recommendation 

they may not be representative of 
materials typically used in US nuclear 
power plant (for example PVC – NRC 
guidance limited use of plastic)   
Boot Seals: 
The boot fabric has a tensile strength 
limit.  Large sleeve diameters with 
flexible boots can result in large hoop 
stresses on the boot fabric.  At a constant 
pressure, the larger the diameter, the 
bigger the stress.  It also can result in 
large shear stress on the longitudinal 
caulked boot seam. The proper caulk type 
must be selected.   Pressure testing should 
consider these facts. 
 

Starting on page 
34 through page 
44, Tables and 
Figures  

Appendix A Section 4.7 addresses the cure time, but 
it would be more informative if the actual sealant 
cure times at the point of pressure test were 
documented in Table 4.1 through 4.5.  Also, sealant 
depth is important to pressure rating and would be 
more informative if the actual sealant depth was 
documented in Table 4.1 through 4.5. Additionally, 
while there is some information on the sleeve 
material, it would be more informative if the actual 
sleeve material (steel or PVC) used were documented 
in Table 4.1 through 4.5.  The sleeve material is very 
important to the sealant surface adhesion and plant 
mods have resulted in many core bores over the 
years.  The testing would be more valuable if it 
included an actual core bore that could be compared 
to duplicate penetrations that are steel sleeved and 
un-sleeved  

 
Figures 4-9, 4-12, 4-15, 4-21: 
The pictures make it look like PVC pipe was used. 
PVC pipe surface is slicker than any other type of 
pipe and would give worst-case results.  Most flood 
barriers are also fire barriers and you can’t pass a 3-
hr fire test with PVC penetrants.  Future testing 
should not use PVC pipe penetrants 
 

Document the actual sealant cure times 
at the point of pressure test, the actual 
sealant depths, the actual sleeve 
materials (steel or PVC), and the actual 
core bores in Tables 4.1 through 4.5 
 
 
 
 
 
 
 
 
 
 
 
 
 
Identify potential limitations in test 
sample 
 

Page 35 of 87 
Table 4-2 

Penetration 2.4 identifies sleeved penetration 
however construction photo does not appear to show 
a sleeve in this opening - please confirm 
Penetration 2.6 identifies sleeved penetration.  It 
appears to be steel, please confirm. 
Seal 2.6 identifies penetrating item is cable and that 
the cable is constrained.  Consider adding a detail 

Add test information as requested. 
 



Section Comment/Basis Recommendation 

providing additional configuration information for 
the cable restraint as it is not clear as to how the cable 
was restrained (seal dislodged during a second test of 
this deck). 
 

Page 37 of 87 
Table 4-3 

Test Matrix for Test Deck 3 does not appear to align 
with construction photos provided as follows: 
•No 3.1 is 6-inch square penetration in the center of 
the slab and is reported to have a 6 in. penetrating 
pipe which is braced.  Construction photo (Figure 
4.16) shows what appears to be a large cable 
penetrating this penetration. 
•No. 3.3 is 6-inch diameter opening with cables but 
appears to be only one large cable.  Also, Deck 3 
penetration 3.3 appears to be a steel sleeve please 
confirm. 
 

Make indicated corrections to the Table 
4-3and please confirm if penetration 3.3 
is steel. 
 

Page 44 of 87 
Section 5 and 
Figure 6-1  
 

The chemical composition or makeup of the seal 
materials tested in Section 5 is not provided. The test 
results reference only the generic name of the seal 
material (i.e., low‐density foams and silicone 
elastomers), which may be misleading. In actuality, 
most seal materials are a proprietary mix of sealant 
and additives. For example, SE‐Foam is a proprietary 
mix of silicone foam and sand that is manufactured 
by BISCO®. Similarly, many commercially available 
foam sealing products are either "open‐cell" or 
"closed‐cell," which directly influences the amount of 
water absorption. In addition, properties of foam such 
as adhesion and strength are formula dependent, 
while product formulas vary from one manufacturer 
to the next.  
 
As written, the reader may infer that the test results 
outlined in Section 5 and summarized in Figure 6‐1 
are applicable to all types of low‐density foams and 
silicone elastomers due to generalizing the seal 
material titles. This may be misleading and 
inaccurate. 
 

1) Add clarifying paragraph to page 5‐1 
of Section 5 that states the following: 
Seal materials are often a mixture of 
substances and additives that are 
proprietary. Properties of seal materials 
such as adhesion and strength are 
formula‐dependent, while product 
formulas vary greatly between 
manufacturers. As a result, the data and 
observations from the test results 
outlined in Section 5 should not be 
interpreted as qualifying or disqualifying 
any specific flood penetration seal 
material or installation design. 
 
2) In addition, if the objective of the test 
series is to exercise the draft test protocol 
and assess its ability to generate 
performance data of flood penetration 
seals, then the seal material being tested 
is irrelevant. It is recommended to not 
include the seal material being tested to 
eliminate all risk of someone incorrectly 
inferring the test results. 
 

Page 51 of 87 
Section 5.3 

In Test 3, PVC pipe was used.  PVC pipe surface is 
slicker than any other type of pipe and would give 
worst-case results.  Most flood barriers are also fire 
barriers and you can’t pass a 3-hr fire test with PVC 
penetrants.  Future testing should not use PVC pipe 
penetrants. 

Acknowledge in this section that PVC is 
not a typical configuration used in NPPs. 
 



Section Comment/Basis Recommendation 

Page 65 of 87, 
Section 6.1.1, 
1st paragraph 

“An abrupt and complete dislodgement of a seal 
assembly ended each test. “ 
Was that expected?  Were the tests too conservative? 
This failure mechanism needs to be better understood 
in order to prevent overly restrictive mandates given 
later. 
 

Add more discussion about the seal 
failures such as were they expected and 
was the test setup too conservative.  
Based on the failures, is more testing and 
research required?  Is leakage before 
abrupt dislodgement more likely to 
occur? 
 

Page 67 of 87, 
Section 6.2 

2nd paragraph under Table 6-1, 3rd sentence  
“In that regard, a primary observation gained from 
this test series was the tendency for a penetration seal 
to dislodge abruptly often with little prior indication.” 
The testing used PVC pipe and not enough 
information about the seals to determine whether the 
tests were prototypic.  As a result, this conclusion is 
unnecessarily inflammatory. 
 

Acknowledge that PVC is not 
prototypic and revise the conclusion 
that this is a primary observation. 
 

Page 67 of 87, 
Section 6.2 

2nd paragraph under Table 6-1, 3rd sentence  
“In that regard, a primary observation gained from 
this test series was the tendency for a penetration seal 
to dislodge abruptly often with little prior indication.” 
Is this this the expected test result?  Are the tests too 
conservative? 
 

This failure mechanism needs to be 
better understood in order to prevent 
overly restrictive mandates given later. 
 

Page 68 of 87, 
Section 7 

Testing of aged penetrations is identified as a next 
step.  This needs to be mentioned in the Abstract and 
Executive Summary as well.  The way those sections 
(Abstract and Executive Summary) currently read, it 
is as if testing and method development is complete. 
 

Indicate in the abstract and the executive 
summary that if a future project 
continuing research on flood seals is 
approved, then next steps may include 
the testing of aged penetrations. 
 

Page 75 of 87 
Section 5.1 

Indicates that “Flood testing should be performed by 
an independent testing laboratory/facility”. 
Specifying that testing needs to be performed by an 
Independent Testing Laboratory is overly 
prescriptive.  Instead, testing should be required to be 
performed under a qualified QA program. 
 

Rewrite 5.1 to say, “Flood seal testing 
should be performed under a qualified 
QA program.”  
 

Page 77 of 87,  
Appendix A 
Section 6.1.1 
Report 

The Report should also include:  
 Description (and pictures) of the test sample 

orientation (showing whether this is tested as a floor 
or wall penetration) 

 Description of anomalies encountered and how they 
were or are to be addressed  

 Description of any installation hardware 
 Photographs before test fixture is filled with water, 

after filled with water, and after completion of test 
 Approved test plan/procedure 
 Description of acceptance/qualification criteria 

Add these items to the Required Report 
contents. 
 



Section Comment/Basis Recommendation 

 Description of failure criteria 
 Baseline and post functional tests 
 Test support documentation (testing equipment 

calibration records) 
 Conclusion/limitations 

 
Page 81 of 87 
Appendix B 
Section B.1 
Introduction 

The first paragraph states, “Many of the commercial 
nuclear power plants (NPPs) in the U.S. are known to 
be located in areas that are subject to potential 
flooding events of varying degrees of severity.  
Subsequent to the Fukushima nuclear incident, the 
Nuclear Regulatory Commission (NRC) issued a 
request to all operating NPPs in the U.S. for 
information pursuant to Title 10 of the Code of 
Federal Regulations (CFR), Section 50.54(f), 
regarding the design-basis flood estimates used at 
NPPs.” 
 

This discussion should include that the 
design of the plants considers the flood 
hazard as verified by post-Fukushima 
actions. 
 

Page 81 of 87 
Appendix B 
Section B.1 
Introduction  

The second paragraph states, “Without a standard set 
of procedures or protocols to test and evaluate the 
performance of the various flood seal types and 
configurations being used by the NPPs, it was not 
possible to verify whether or not a specific 
penetration seal assembly could adequately support 
the flood mitigation requirements at the various 
NPPs.”  
The Commission did not consider whether to require 
utilities to test flood seals.  The purported lack of test 
protocols did not factor into the decision.  The 
Commission chose to require walk downs and hazard 
reevaluations.  This statement should be removed. 
 

Remove this statement. 
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