
 
 
 
 

May 2, 2012 
 
 
 
John C. Butler, Director 
Engineering and Operations Support 
Nuclear Generation Division 
Nuclear Energy Institute 
1776 I Street, NW, Suite 400 
Washington, DC  20006-3708 
 
SUBJECT:  NRC REVIEW OF NUCLEAR ENERGY INSTITUTE CLEAN PLANT 

ACCEPTANCE CRITERIA FOR EMERGENCY CORE COOLING SYSTEMS 
 
Dear Mr. Butler: 
 
I am responding to your letter of December 22, 2011, titled “Transmittal of GSI [Generic Safety 
Issue] -191 Resolution Criteria for “Low Fiber” Plants.”  In this letter, the Nuclear Energy Institute 
(NEI) proposed criteria to close GSI-191, “Assessment of Debris Accumulation on PWR 
[pressurized water reactor] Sump Performance,” for plants with little or no fibrous debris in the 
recirculated water following a postulated loss-of-coolant event.   
 
The Nuclear Regulatory Commission (NRC) opened GSI-191, in part, in response to findings 
that certain combinations of debris (e.g., fibrous material plus particulate material) could result in 
a substantially greater head loss than an equivalent amount of either type of debris alone.  The 
NRC issued Generic Letter (GL) 2004-02, “Potential Impact of Debris Blockage on Emergency 
Recirculation during Design Basis Accidents at PWRs,” on September 13, 2004, requesting, in 
part, that PWR licensees perform an evaluation of the recirculation function and take additional 
actions to ensure system function.  Both staff and industry sponsored testing in support of 
GL 2004-02 has demonstrated that fibrous material has a significant impact on the performance 
of the recirculation function and that, in the absence of sufficient fibrous material, flow paths that 
are credited in the design basis analyses will not become obstructed.   
 
NEI’s proposed criteria focus on two aspects of debris plugging:  containment sump strainer 
blockage and core blockage (referred to as in-vessel downstream effects).  The sump strainer 
criterion is, in part, that the total amount of fiber available to transport to the strainer would result 
in one sixteenth inch or less theoretical bed thickness.  The in-vessel criterion is, in part, that the 
amount of fiber that reaches the core does not exceed 15 grams of fiber per assembly.  The 
staff notes that there are many other aspects of demonstrating an adequate recirculation 
function.  In general, PWRs have already addressed them in their responses to GL 2004-02.  
NEI’s proposed criteria are designed to provide a conservative yet expedient means for PWRs 
to close the remaining issues at several plants:  strainer head loss and in-vessel effects.   
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The NRC staff has reviewed NEI’s proposed criteria in light of the knowledge the staff gained 
from its review of testing and evaluations performed by licensees for GL 2004-02.  The 
enclosure to this letter clarifies the staff’s understanding of the criteria.  The staff believes that 
the criteria, as clarified, provide an acceptable method of closing GSI-191 for operating PWRs.   
 
However, the clean plant criteria are high level guidance and there are a number of details that 
individual licensees will need to document to clearly establish the new licensing basis for their 
plant.  The enclosure to this letter offers additional considerations for plants to use when 
developing the plant-specific licensing basis.  While the staff is not aware of features at 
operating PWRs that would prevent the use of the criteria, the staff notes that licensees are 
responsible for determining the plant-specific licensing basis.  Any strainer or fuel designs that 
are significantly different from those currently incorporated in operating reactors may require 
additional analysis.   
 
The staff expects a licensee that uses the clean plant criteria to supplement its GL 2004-02 
submittal with information that describes the basis for the fiber levels to be used in the plant 
licensing criteria, and any modifications or other changes, such as insulation removal or 
changes to the containment cleanliness program, that are required to bring the plant into 
alignment with the criteria.   
 
If you have any questions, please contact Stewart Bailey at (301) 415-1321. 
 
      Sincerely, 
 
 
      /RA/ 
 
 

William H. Ruland, Director 
Division of Safety Systems 
Office of Nuclear Reactor Regulation
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ENCLOSURE 

Review of NEI Low Fiber Plant Resolution Criteria 
 
By letter dated December 22, 2011, the Nuclear Energy Institute (NEI) provided “low fiber” 
criteria for pressurized water reactor (PWR) licensees to use to close the sump strainer and 
in-vessel issues associated with Generic Safety Issue (GSI) 191, “Assessment of Debris 
Accumulation on PWR Sump Performance.”  The staff’s review of the criteria is provided below.   
 
The staff’s position was developed based on staff knowledge and evaluations of licensee 
sponsored testing that has been performed for strainers and fuel assemblies in operating 
reactors.  Use of this position should be limited to PWR licensees that have resolved other 
areas associated with GSI-191, such as water level, vortexing, and downstream ex-vessel 
effects, and can demonstrate that the assumptions set forth in the staff’s postion are appropriate 
for their application.   
 
Strainer 
 
For the containment sump strainer, NEI proposed the following criteria: 
 

A. Strainer Head Loss criterion is satisfied if one of the following two 
conditions is met:  

 
1. If quantity of fiber transported to strainer will result in 1/16” 

theoretical debris bed or less, a head loss test will not be required 
based on the following assumptions:  

 
• No problematic debris materials transported to strainer 

(e.g., calcium silicate, Microtherm, Min-K)  
• Measures have been taken to prevent problem materials 

from entering debris source term (e.g., double banding)  
• Credit full strainer area (i.e., total of all trains) in 

determining whether 1/16” debris bed criterion is met  
• Consideration of paint chip impact on available strainer 

area for strainers in pits  
• 1/16” applies to strainer area after reductions accounting 

for materials like tags.  
 

2. An NRC accepted strainer head loss test can be used to meet this 
criterion.  

 
The staff reviewed information on strainer testing performed by licensees, including thin bed 
effect testing, in determining the maximum amount of fiber that will preclude high head loss 
across the strainer.  The staff concluded that limiting the total fibrous debris amount to 1/16 inch 
theoretical thickness would result in adequate strainer performance.  For the purposes of this 
criterion, NEI calculated theoretical thickness from the total amount of fiber, from both latent 
debris and break-generated debris, available to transport to the containment sump strainers, 
minus strainer sacrificial areas from materials like tags and, for strainers in pits, minus the area 
that could be covered by paint chips.  At this level, some strainer surfaces would remain open, 
precluding high head loss situations.   
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In considering the 1/16 inch limit, the staff notes that some debris would not transport (although 
the amount is difficult to quantify) and that non-uniform debris deposition would occur on the 
strainer.  The staff conclusion is based on the assumption that no problematic debris  
(e.g., Min-K, cal-sil, or Microtherm) is available to contribute to the debris bed.  Based on a 
review of industry test results, a fibrous/particulate bed with no problematic debris and a 
1/16 inch theoretical fiber thickness does not develop adequate structure to retain chemical 
precipitates and does not cover the entire strainer surface, precluding the conditions that result 
in high head loss.  This applies to all of the complex geometry strainers that are currently used 
in PWRs.  Therefore, adequate flow to the pumps will be assured.  This position was reviewed 
by the Integration Review Team (a team of senior staff reviewers that evaluates licensee overall 
compliance with staff guidance for Generic Letter 2004-02 considering conservatisms and 
uncertainties in the analysis) and provided the basis for the acceptance of the Davis Besse 
strainer design.   
 
The staff finds that plants that have redundant strainers installed may credit the entire strainer 
area of all strainers, with the exception of sacrificial area for miscellaneous debris, provided the 
plant procedures direct the prompt restoration of the remaining trains to service or there is other 
justification for crediting the total surface area.  This position considers that although design 
bases may require one strainer or train to be considered failed, licensees will take all actions 
necessary to return the out of service train to service in a reasonable period of time.  The staff 
determined that any significant head losses would develop over relatively long periods of time 
such that licensees could take actions to return required equipment to service.   
 
Because certain problematic insulation types can cause high strainer head losses even in the 
absence of fiber, these types of insulation may not be installed in any Zone of Influence (ZOI) 
unless the licensee can reference a test that demonstrates that the plant specific debris will not 
result in a head loss that would challenge operation of the pumps taking suction from the 
containment sump.  The most common problematic debris types are calcium silicate, Min-K, and 
Microtherm.  The staff recognizes that some licensees are evaluating methods to reduce ZOI 
sizes for various types of insulation.  These methods include refining jet models and 
strengthening insulation jacketing systems.  The staff will review these refinements to determine 
whether ZOIs have been adequately defined.  The staff’s position is that insulation on any line 
whose leakage could require emergency core cooling system (ECCS) recirculation will 
contribute to the source term because the insulation on the broken line cannot be fully protected 
(e.g., by double banding and jacketing).   
 
The following acceptance criteria should be met by any plant desiring to use this methodology to 
demonstrate acceptable strainer head loss: 
 

1) Validate that all fibrous debris installed in any ZOI within the scope of GL 2004-02 plus 
latent fibrous debris results in a theoretical maximum debris bed thickness of 1/16 inch 
covering the area of all ECCS/CSS strainers installed in the plant and assuming 2.4 lb/ft3 
as the material density and 100% transport of all material. 

 
2) Remove or validate that no problematic insulation types are installed in any ZOI within 

the scope of GL 2004-02.  A plant may have problematic insulation types installed if a 
staff accepted head loss test demonstrates adequate strainer performance.   
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3) Maintain a cleanliness program that ensures that latent fibrous debris within containment 
is maintained within the limits described in (1) above.   

 
4) Plants with strainers installed in pits below the containment floor elevation must 

demonstrate that paint chips will not adversely affect the strainer head loss.  The staff 
will review the evaluation of the effects of coating chips on strainer performance.  

  
5) Plants must satisfy other criteria relevant to strainers addressed by the staff safety 

evaluation on the NEI Guidance Report, NEI 04-02.  These criteria include, but are not 
limited to: NPSH, vortexing, upstream effects, and structural integrity.   

 
6) For establishing the plant licensing basis, plants that maintain the source term per (1), 

(2), and (3) above may use the clean-strainer head loss plus a debris head loss based 
on representative testing for the total strainer head loss.  Based on observations of 
conservative head loss tests conducted with approximately 1/16 theoretical bed 
thickness and no problematic debris, the staff considers two feet of debris head loss to 
be an acceptable assumption in the absence of representative testing.  This value is 
representative of the higher head loss values obtained during head loss testing with 
equal or greater fibrous debris loads conducted under conservative conditions.   

 
All plants have already installed large sump strainers and many have made other modifications 
to reduce debris source terms and to increase sump water level during recirculation cooling.  
These modifications, if considered in conjunction with limitations on fiber inventory described 
above, and a reliable containment cleanliness program, are expected to protect against the 
formation of a high head loss bed following an event that requires sump recirculation.  While 
formation of filtering bed cannot be demonstrated to be precluded, it is reasonable to conclude 
that the formation of a high head loss bed is highly unlikely.  This conclusion is based upon the 
size of the installed screens, the limited fiber inventory, and the considerations that a single 
break could not credibly release the entire fiber inventory, nor could the total fiber inventory 
credibly transport to the sump screens (due to factors such as inactive holdup volumes and 
surface deposition).  Furthermore, the remaining uncertainty is not likely to be risk significant 
given that the events that are the most dynamic and require the highest recirculation flow rates 
(large breaks) are very low likelihood events and the more likely events (small breaks) are less 
severe dynamically and require less recirculation flow.   

 
In-vessel downstream effects 
 
For in-vessel downstream effects, NEI proposed the following: 
 

B. In-vessel Downstream Effect Criterion is satisfied if one of the following 
two conditions is met:  

 
1. In vessel downstream effects do not need to be explicitly 

addressed if the total amount of fiber within the Zone of Influence 
(ZOI), available for transport, plus latent fiber is 20 lbm or less with 
the following assumption:  
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 This is based on a fuel fiber limit of 15 gm/assembly. The 
20 lbm criterion is calculated assuming 75% debris 
transport, 45% strainer bypass and 200 fuel assemblies 
(i.e., [(20lb*.75*.45*453.6 gm/lb)/200 ] = ~15 
gm/assembly).  

 Plant specific values for # [number] of assemblies should 
be used to determine appropriate fiber limit.  

 Criterion can be relaxed for plants with upper plenum 
injection.  

 
2. An NRC accepted bypass test in combination with supportable 

plant specific fuel debris limit can be used to meet this criterion.  
 

The staff has reviewed the information on in-vessel effects and the testing and analyses on 
debris transport, strainer bypass, and chemical effects in its evaluation of the NEI criterion.  The 
proposed criterion is based on maintaining 15 grams of fiber per fuel assembly in the core, and 
includes an estimate of the total fibrous debris in containment from both latent and ZOI sources 
that would satisfy the 15 gram criterion for many plants.  The estimate includes assumptions 
related to strainer bypass (the fraction of fiber that flows through the strainer at the low fiber 
loads used in the criterion) and the total amount of transport in containment.   
 
Regarding the in-vessel limit, the Pressurized-Water Reactor Owners Group (PWROG) 
undertook a test program to determine the potential for core blockage due to strainer bypass.  
The results, presented in WCAP-16793, Revision 2, show that all fuel assembly types in use in 
operating US PWRs can accommodate 15 grams of fiber per assembly under the most limiting 
hot-leg break conditions and still maintain adequate flow to ensure cooling.  By limiting the 
fibrous debris for a hot-leg break to 15 grams, the debris entering the core during a cold-leg 
break is significantly less.  WCAP-16793, Rev. 2 is still under review by the staff.  Plants that 
use the 15 gram limit will be expected to comply with any conditions and limitations included in 
the staff’s safety evaluation (SE) on the WCAP.  The 15 gram limit is consistent with debris 
values approved for new reactors with similar fuel designs; however, new or unevaluated fuel 
designs that apply the 15 gram limit must demonstrate that the limit is valid for the specific fuel 
design.   
 
The staff considers the 15 gram fiber limit (based on hot-leg break) to be conservative based on 
the following:   
 
(a)  Although industry has not evaluated the effects of coolant entering the core through 
alternate flow paths around blocked fuel assemblies, the staff concluded that some flow through 
alternate paths will occur.  Some reactor designs have relatively large alternate pathways and 
some have smaller pathways.  Without attempting to quantify the effects of such flow paths, the 
staff recognizes that they are available and provide some conservatism to the tested debris 
limits for at least some plants.   
 
(b)  The industry fuel assembly testing conducted to date has been performed on single fuel 
assemblies using methods that ensure that all of the debris reaches the inlet of the assembly.  
The staff recognizes that in a core of about 200 fuel assemblies that some non-uniform debris 
transport will occur.  With debris limited, as required in this criterion, the non-uniform debris 
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deposition will allow smaller head losses in the fuel assemblies that have smaller amounts of 
debris.  Flow through these assemblies can provide cooling to other assemblies through cross 
flow.  Although not quantified, this is viewed as conservatism.   
 
(c)  Industry fuel assembly testing found that a low particulate to fiber mass ratio (1:1) resulted 
in the most limiting fibrous debris loads for the limiting hot-leg cases.  At particulate to fiber 
mass ratios above 10:1, the fiber limit is much higher.  With the low fiber amounts included in 
NEI’s criterion, particulate to fiber ratios are expected to be higher than 1:1.  The increase in 
particulate to fiber ratio will increase the allowable fiber load per fuel assembly above the  
15 grams criteria (or decrease the head loss that occurs with a 15 gram debris load).   
 
(d)  Some debris that bypasses the strainers may not be directed to the fuel assemblies.  For 
cold-leg breaks, a significant amount of flow exits the break (percentage depends on plant 
design and break size and location).  For most plants a significant portion of the strainer flow 
also goes to containment sprays.  Any debris that bypasses the core and returns to the sump 
via the spray system or the break has another opportunity to settle or filter on the strainer; 
therefore, it may not be available as debris in the core.  This effect was not credited in the 
testing for WCAP-16793. 
 
(e)  The limiting industry in-vessel tests assume chemical precipitate formation occurs after a 
debris bed is built on the fuel assemblies and before hot leg switchover occurs.  If no 
precipitates form, or if precipitation occurs after the flow conditions change due to hot leg 
switchover, greater amounts of fibrous debris can be transported to the core while maintaining 
acceptable cooling flow.   
 
For establishing the plant licensing basis, plants may use the 15 gram fiber per assembly limit or 
other plant-specific limit that is adequately justified.  Licensees may apply the relevant 
assumptions, such as strainer bypass fraction and debris transport fraction, if they are 
adequately justified for their plant design.  Justification need not be plant-specific but could be 
based on information related to similar designs and accident conditions to licensee’s or 
applicant’s facility or design.   
 
Regarding strainer bypass, the staff does not have a significant database of strainer bypass 
tests or adequate test results to determine the sensitivity of bypass to various parameters.  
Licensee-reported bypass values use various measures such as percentage of total fiber or 
fiber volume per strainer area.  The highest bypass percentage observed by the staff for a fiber-
only test conducted for a low fiber plant with a typical complex geometry strainer under relatively 
conservative conditions is approximately 40%.  The tests from which this value was determined 
used perforated plate strainers under flow conditions that did not promote damage to the fiber.  
The staff is aware of bypass testing of a strainer design which uses square mesh strainers and 
flow conditions that promoted fiber fragmentation that resulted in a higher bypass percentage.  
However, the staff considers a bypass fraction of 45% to be conservative for most typical 
perforated plate strainer installations where flow patterns do not result in fragmentation of 
debris.  For establishing the licensing basis, a plant may use the 45% bypass assumption if it 
can be shown to be valid for their plant conditions.  The staff notes that several licensees plan to 
perform additional bypass testing.  Licensees should consider the results of the planned testing 
when justifying their plant specific bypass value.   
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Regarding debris transport, staff guidance in its SE on NEI Guidance Report 04-07, is that 
100% of fine fibrous debris is assumed to transport to the strainer.  The staff recognizes that this 
is a conservative position.  The staff concluded that an assumption of 75% transport to the 
strainer, as used in NEI’s calculation, to be reasonable based on the following: 
 

1. Inactive volumes: Plants may take credit for debris transport to inactive volumes.  NRC 
staff guidance is that this value be limited to 15% regardless of the actual total inactive 
volume available for a specific plant.  The 15% limit is intended to account for delayed 
washdown of some debris which may not reach the holdup area before it is filled.   

 
2. Fine debris capture: NUREG/CR-6808 noted that there are several methods for fine 

debris capture.  These are inertial impaction, diffusiophoresis, diffusion, settling, and 
spray washout.  For latent debris it is unlikely that inertial impaction, diffusiophoresis, or 
diffusion would have a significant effect on debris capture.  Settling and spray washout 
are likely to contribute to capture of latent debris.  Capture by these mechanisms has 
been evaluated as likely for latent debris, but the effectiveness of the mechanisms has 
not been demonstrated and is plant specific.  It is likely that some latent debris at all 
plants would be captured by these mechanisms.   

 
3. Fine debris retention: NUREG/CR-6808 concluded that condensation drainage would 

leave a majority of fine debris in place, surfaces directly sprayed by containment sprays 
would have a majority of the fine debris removed, and that the retention of fine debris on 
surfaces experiencing spray drainage is uncertain.   

 
Plants may use the 75% fibrous debris transport assumption if it is shown to be representative 
of their plant conditions.  Inactive volumes up to 15% may be credited as applicable.  Also, as 
discussed in NUREG/CR-6808, if latent debris resides in areas that are not sprayed or impacted 
by break or spray flows, it is likely that most of the debris will not become transportable.  Credit 
for some holdup of this debris may be justified.   
 
The staff concluded that the use of a lower (e.g., 75% transport fraction instead of at least 85% 
based on the SE to NEI-04-07) to calculate in-vessel limits for a clean plant is bolstered by the 
following unquantified conservatisms:  1) some debris will not transport due to inactive holdup 
volumes and surface deposition, 2) in-vessel debris limits are determined using conservative 
test methodology, 3) in-vessel debris limits are determined at limiting values of flow and 
particulate to fiber ratio, 4) internal currents within the reactor vessel will likely result in non-
uniform deposition of debris which is associated with reduced head loss, 5) most plants assume 
15% of latent debris is fiber, based on an industry upper bound, but most low fiber plants have 
reported a significantly lower fraction of fiber in latent debris samples.   
 
Based on the above values, NEI calculated the total fibrous debris amount (from latent plus ZOI) 
to be approximately 20 lb. for in-vessel effects.  This is more restrictive than the typical 
assumption of 30 lb. used by many plants.  For establishing the licensing basis, a plant with 
200 assemblies may assume 20 lb. of total fiber from latent plus break-generated material 
provided the assumptions discussed above are valid for their plant.  This fiber value should be 
adjusted for the number of assemblies in the core using the equation provided by NEI.  
Alternatively, a licensee may perform more detailed analysis of the transport, bypass, and in-
vessel limits.   
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Conservatism Applicable to Both In-Vessel and Strainer Acceptance 
 
Although the staff assumes that 15% of the latent debris within a containment is fibrous, the 
amount of fibrous debris actually discovered by licensees in latent debris samples was usually 
lower.  It is expected that plants with limited or no fibrous debris installed within containment will 
have lower percentages of fiber in their latent debris.  Although most plants did not quantify the 
percentage of fiber in their latent debris samples, some reflective metal insulation (RMI) plants 
stated that latent fibers comprised much less than 15% of the latent debris within their 
containments.   
 
Fuel assembly testing, and a majority of strainer testing, continuously recirculate the test fluid 
including any debris that bypasses the test article.  This debris is prevented from settling in the 
test loop by artificial turbulence from stirrers or directed flow.  The recirculated fluid and any 
debris are returned to the test tank and pumped back to the test article, either strainer or fuel 
assembly.  In the plant, following a LOCA, debris that bypasses the strainer may return to the 
sump via the spray system or the RCS break.  This debris will have an opportunity to settle or 
be trapped in the containment pool.  Debris that passes through the vessel and exits the break 
also has the potential to be trapped on the strainer prior to being recirculated back to the core.  
The test conditions are conservative when compared to conditions at the plant.   
 
Summary 
 
The NRC staff considers plants with very small amounts of fibrous debris and no other 
problematic debris available to transport to the ECCS recirculation strainer or to the core to 
have acceptably addressed the GSI-191 strainer and in-vessel issues.  This position is based 
on the staff’s review of the design of currently operating plants and testing applicable to those 
plants.  Therefore, it is limited in applicability to the currently operating plants.  Licensees may 
use the resolution criteria presented by NEI and the additional guidance in this letter to establish 
the plant design basis.  Because plant designs vary, licensees should ensure that the 
assumptions in this position are valid for their specific design.  The licensee’s supplement to 
GL 2004-02 should describe the basis for the new design basis (e.g., the fiber levels and 
supporting assumptions) and any modifications or other changes, such as insulation removal or 
changes to the containment cleanliness program, that are required to bring the plant into 
alignment with the criteria.   
 
Because the debris limits in this position are relatively small, licensees planning to implement 
the “low fiber” criteria should perform a thorough review of potential debris sources within 
containment to ensure that discovery of an unaccounted for debris source does not result in a 
potential inoperability of the recirculation or long term core cooling functions.  Containment 
cleanliness should also be controlled to ensure that materials outside the design basis are 
removed from containment prior to requiring ECCS recirculation operable.   
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