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CONSULTANT REPORT:   ACRS SUBCOMMITTEE MEETING ON 
REGULATORY GUIDE 1.82, REVISION 4, 9/7/2011 
 
Graham Wallis  9/18/2011 
 
OVERVIEW 
 
As discussed during the NRC presentation to the subcommittee, this guide contains no 
new information.     It pulls together the staff's existing positions on many technical 
issues, often discursively or in general terms.   Since it does not add information to what 
is already available in other documents, its potential value is in presenting and structuring 
that information in a more concise, complete, understandable, logical, and practical form.   
Its usefulness would be enhanced if it provided clearer guidance on how a user might 
approach solutions to the issues, including signposts and references to help the location of 
more specific information when it is needed. 
 
Several technical issues are still being studied or reviewed by the staff and are part of 
work in progress.   The staff may wish to consider if it is advisable to postpone issuance 
of this RG until more complete guidance can be included in those areas. 
 
The guide describes the considerable experience and knowledge that the staff has 
acquired over several years.   They claim "comfort" with the use of this knowledge to 
make decisions.  My impression is that it would be better to provide more direct guidance 
to a potential user of the guide, particularly a nuclear utility, and enhance his "comfort".   
The block diagram on page 28 suggests a road map showing how the various pieces of 
the undertaking to satisfy the regulations fit together.   It could be useful to structure the 
guide more directly around this diagram (and perhaps some more), put it (them) up front, 
and use the text to be explicit about how to approach the items in the various boxes.     
 
The appropriate handling and management of post-LOCA debris has been of interest to 
the staff and industry for several years.  There are many different aspects.   
Understanding has evolved and continues to do so.   Over time, several new issues have 
emerged in the light of experience.   The guide describes many such aspects that should 
be considered by an applicant for NRC approval.  I was hoping for more direct 
clarification about how to approach and resolve these technical issues, providing 
assurance that the staff and industry have the knowledge and ability to do so with 
confidence.   In some areas the guidance in this regard appears less reassuring than in 
previous documents.  For instance, the definition and prediction of zone of influence 
(ZOI) appears largely left up to industry to resolve by testing (surely not full-scale) rather 
than being approached using some acceptable model, such as the previous ANSI 
standard.   In another case, the "thin bed" is required to be considered, but no assurance is 
provided that it is known what this phenomenon is, if it can occur in prototype strainers, 
how to recognize it, and how to predict its occurrence and consequences. 
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GENERAL COMMENTS 
 
 
A.   Discussion of some important issues is brief and at a high level and, even when some 
component phenomena are mentioned, does not describe what approaches to resolution 
may be appropriate or even indicate that they exist.   For instance, on page 21: 
 
     "The calculation of debris transported to the ECCS strainers should consider all 
modes of debris transport".  
 
This is a many-faceted problem and some aspects are plant dependent.  Is there a 
technical base for its resolution?   What are the fallback positions when the mechanisms 
are too complex to allow predictions or comprehensive realistic tests?   Page 29 mentions 
" the practical inability to simultaneously scale multiple, complex phenomena associated 
with debris transport in a rigorous way". 
 
 
B.   Some matters are touched upon obliquely but are insufficiently defined, which does 
not allow "guidance" about how to approach them.   For example, bypass of debris 
through the strainers is important for assessing possible blockage of the inlet to the 
reactor core, one of the "downstream effects".    It appears to be treated only by a few 
single sentences, such the statement on page 29:  
 
   "Licensees may sample the fluid downstream of the strainer". 
 
It would seem better to define the important features of screen bypass, what its effects 
are, why it matters, what is and needs to be known about it, what specific output is 
required from tests or analysis (if possible), and how one might acquire this information 
and use it. 
 
 
C.   There appear to be some requirements that are difficult or unrealistic to try to meet, 
for example, on page 26, item c: 
 
 "The test specifications should be designed to determine the worst case head loss 
from all possible types of debris bed". 
 
This is a tall order, rather like sampling the entire USA to determine the worst possible  
single car accident.  A licensee cannot realistically find the absolute worst case because 
of the large number of parameters involved and the, often surprising, interactions 
between them.   The NRC would probably accept the results of a sufficient number of 
tests (~ 10? ~100?) systematically exploring the conditions realistically likely under 
various accident conditions, showing a margin to adequate NPSH that was comparable to 
the highest head loss obtained, but with no absolute confidence that some other, perhaps 
unlikely, combination of circumstances might give a higher value. 
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D.   The words "maximum", "minimize" and their derivatives are used inappropriately in 
several places.  For example, on page 25, section 1.3.11.b: 
 
 "Maximum head loss … can occur when a layer of fiber just thick enough to fully 
cover the strainer accumulates on the strainer along with a bounding quantity of fine 
particulate matter". 
 
This is a reference to the "thin-bed effect" (which may not yet have been observed with 
any realistic prototype ECCS strainers) whereby unexpectedly high head loss can occur, 
apparently when a layer of fibers becomes fully clogged with suitable amounts and types 
of particles.    This is an "augmented head loss", the consequence of an as yet not 
understood nor defined regime of symbiotic effects, but it is in no way a "maximum".  
The thin bed clogged with particles can occur in conjunction with a superposed or 
surrounding bed of less constricting structure that will add to the head above such a 
"maximum".   Presumably, a thick bed of fibers with the same clogged structure would 
behave the same way, so the "layer just thick enough to cover the strainer" is not a 
requirement for conditions that create a maximum head loss.   Tests at PNNL have shown 
that the sequence of addition of particles and fibers could lead to orders of magnitude 
variation in the head loss for the same amount of each debris constituent; this would 
appear to be more important than the "thin" aspect of the bed in creating a "maximum". 
 
Similarly, on page 9,  
 
  "Elevating the sump strainers slightly above the containment floor level, 
preferably on a pedestal, minimizes the potential for debris buildup". 
 
This design feature may reduce debris build up, if settlement occurs, but it does not 
"minimize" anything (and may even increase head loss by means of the thin-bed effect).    
If debris is buoyant, it might make things worse.  Moreover, raising the strainer runs 
counter to the objective (p.30) of maintaining a large submergence. 
 
 
E.    There is a list of many phenomena that are described or "should be considered", as 
on pages 19-22 when discussing debris creation and transport.   Some of these appear 
speculative or open-ended.   Without specific guidance, the impression may be created 
that the problem could be so huge as to be practically unmanageable.  
 
 
F.    There is an emphasis on conservatism.   This may be appropriate in view of the 
uncertainties about the phenomena and their interactions.  However, assumptions such as 
applying the worst-case head loss to the entire set of strainers may be overly conservative 
and physically unrealistic.   Searching for, and perhaps not finding, the worst-case thin-
bed effect may require an unreasonably large number of tests, some of which involve 
highly unlikely scenarios (see C above). 
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What is conservative from the point of view of head loss may be non-conservative from 
the point of view of screen bypass.    
 
Advice sometimes appears to be conflicting.  Debris sequencing, for example, in current 
tests is specified as conservative when particles are introduced first (which may not 
always be the worst case).  On p. 30 a more realistic physically based choice is suggested.    
The staff might consider which phenomena or processes are better treated realistically 
over a sufficient range of parameters rather than searching for the worst-case or imposing 
some predetermined conditions that are assumed to lead to an upper bound.     
 
 
G.    Frequent invocation of the "thin-bed effect" should be reevaluated.   It can lead to 
paradoxically conflicting conclusions and design objectives (e.g. curbs are bad if they 
reduce the amount of debris and make a thick bed thinner).    It may lead to an unrealistic  
and extensive search for an extreme effect that is highly unlikely and has yet to be 
observed in prototypical strainers.   It requires better understanding and definition.   
 
 
H.   Not enough is said about how the results of tests are applied to a plant.   How are 
variations in the conditions among the various strainer assemblies considered?   Some 
may acquire more debris, or different combinations of it, than was tested.  Some may 
acquire no debris.   The arrival sequence may differ among assemblies.   It may be 
physically impossible for them all to have just the particular debris combination that led 
to the highest head loss, or the one that led to the highest bypass, in tests. 
 
 
DETAILED COMMENTS 
 
p. 5   "performance of the … pumps… should be independent of the calculated increases 
in containment pressure".   This suggests that CAP is not allowed.   The following 
statements:  "for some operating reactors, some credit for CAP may be necessary" and  
"This should be minimized to the extent possible", are not helpful.   CAP can be 
"minimized" to zero by spending enough money. 
 
It is surprising to see this issue still left in vague and equivocal terms.   It would be better 
to fix it before publication. 
 
"Transient NPSH calculations should be performed to ensure that the most limiting 
conditions are chosen and that the results are conservative".    The staff has sometimes 
allowed operation with degraded NPSH for a limited amount of time, supported by pump 
performance tests.  Shouldn't this be mentioned here (it is on page 17)?   
 
p. 6    "The analyses for head loss effects should include.." .    Analyses are not 
recommended in this guide (1.3.11.4), only prototypical tests.   
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"Fine debris that is small enough to pass through the strainer should be analyzed for head 
loss effects if it can be filtered by the debris bed on the strainer".  
 
This appears to be a misstatement.   Fine debris is not "analyzed for head loss effects" nor 
are separate measurements or assessments made of "if it can be filtered".   Tests are 
designed to combine all such effects into a single overall empirical head loss 
measurement. 
 
 "The size of the openings in the strainer should consider….. the consequences of the 
downstream accumulation of debris passing through the sump strainer".   This is one of 
those oblique and indirect statements that does not focus on a real issue and how to 
handle it.  There seems to be little specificity in this RG about the need to know how 
much debris passes through the strainer, and its characteristics.   What guidance would be 
most useful to the user?   Just knowing the size of the openings doesn't help much.   What 
are the fallback positions?   What does the staff look for in a license application?  Are 
specific tests necessary? 
 
"The amount of debris that passes through or bypasses a strainer also depends on…".    Is 
this speculation or is there some established technical basis for evaluating the influences 
and effects. 
 
p.7   "Licensees should evaluate and address deaeration, flashing, and other air 
entrainment mechanisms".   Is there a knowledge base for this?   Are specific tests 
required from the licensee?   Are there acceptable conservative assumptions?   Appendix 
A discusses some entrainment mechanisms, but not, for example, air enclosed in or 
attached to debris, fine bubbles formed below waterfalls (see 1.1.1.4), or gases produced 
by chemical reactions.  
 
There is a fairly long discussion of gas effects, including references, in contrast to the few 
sentences on debris bypass, which is probably at least as important and more difficult to 
handle, therefore requiring more "guidance". 
 
p.8   "Debris may also block the drains or flowpaths themselves".   "Drains… should be 
protected by trash racks or other design features to ensure that they will satisfy their 
intended function".     Drain blockage may be as complicated a matter as strainer head 
loss.   Is the licensee expected to plan a comparable series of tests?     How is drain 
effectiveness to be confirmed?  (A thin layer of leaves can block the drains outside 
1WFN after rain, as a passing pedestrian may observe). 
 
"The floor adjacent to the ECCS strainers normally slopes downward, away from the 
ECCS strainers, toward the drainage collection sumps".   Does debris block those drains? 
 
"This downward slope away from the ECCS strainers minimizes (ugh!) the transport and 
collection of debris against the ECCS strainers".    There is no minimizing happening.   
How does one evaluate the effect, if any?   Is some critical angle of slope necessary?  If 
NRC does not give some specific credit for it, is it of interest?   
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"However, demonstrating the effectiveness of such interceptors in capturing fine debris 
can be complex".    What does this mean in terms of guidance?   Would a licensee install 
such a device if he cannot justify getting credit for it because it is too complex? 
 
"ECCS strainers should be designed to prevent adverse blockage effects from large 
pieces of debris".   This does not seem to be part of the strainer test protocol.   How 
should the licensee evaluate the behavior of "large pieces"?    How much of the debris is 
large?   Large pieces may be more likely to block drains than strainers. 
 
All these discussions of what might help or should be considered would be OK in a 
technical paper describing things, but they should lead to specific guidance about how to 
handle the phenomena within the regulatory process, which is the function of a Reg 
Guide. 
 
p. 9   "A strainer with a complex geometry design that is located on the containment floor 
level would minimize the deposition or settling of debris on strainer surfaces".    Does the 
geometry have to be complex?   The statement appears incorrect, since the lower the 
strainer the greater the deposition on it, presumably, if partial settling occurs upstream.   
In any case, nothing is clearly minimized.  
 
"Elevating the sump strainers slightly (how much is that?) above the containment floor 
level, preferably on a pedestal, minimizes the potential for debris buildup".    Yet another 
inappropriate use of "minimize".  If one really wants to minimize debris buildup, put the 
strainer at the top of the pool when settling is a factor.   This statement conflicts with the 
one above.   It also conflicts with the advice on page 30 that strainers should be located 
on the lowest floor elevation. 
 
If the licensee gets no credit for the pedestal, why should he install it?  How is its 
performance evaluated?  Is the way to do so presented in the cited NUREGs?  (It is good 
to see that specific NUREGs are cited in this paragraph: it would help to do so elsewhere 
in the document.  This would not contribute significantly to the overall length, as claimed 
at our subcommittee meeting).  Statements that do not fit into the regulatory process 
should be avoided. 
 
Even if the pedestal reduces debris buildup, this may not necessarily be beneficial from 
the point of view of head loss, as less debris might lead to a "thin-bed". 
 
p.11   "In future evaluations, BWR strainer designs should consider subsequent guidance 
developed during the resolution of GSI-191".  Is this a reason for postponing issuance of 
the RG until such guidance can be incorporated into it? 
 
"potential chemical reaction products resulting from the use of that system (boron 
injection)".  Is there guidance for this?   It would help to have a pointer here, if there is. 
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Section C  REGULATORY POSITION 
 
This section is more like a Reg Guide than the previous, sometimes discursive, sections.   
It contains many statements about what the "licensee should" do, and most of them 
appear sensible and appropriate.   Perhaps some of the earlier sections are unnecessary 
when they cover the same material? 
 
p. 12   "The containment floor in the vicinity of floor-mounted ECCS strainers should 
slope gradually down away from the strainers".   "Drains…should be designed to ensure 
that they would not become blocked by the debris". 
 
See above for comments on similar statements on page 8.    
 
p. 13    item 1.1.1.8   "Suction strainer features that should be considered include relative 
flow velocities (meaning?) and uniform flow throughout the surface area." 
 
Strainers tend to pick up more debris on their lower layers. The top layers may even have 
no debris on them in some circumstances.   There are also variations around the 
circumference among strainers that fill the sump there.   Then the head loss is not 
uniform and the flow is not either.  How is the statement to be interpreted? 
 
Item 1.1.1.9   "Licensees should consider the potential for long, thin slivers passing 
axially through the suction strainer and then reorienting and clogging at any flow 
restriction downstream".  
 
"Consider the potential" is too vague.   Are not tests required, since prediction appears 
unlikely?    What outputs are needed from such tests?    What range of inputs is required?  
What about other debris that gets through?  Is a short fiberglass fiber a "long thin sliver"?   
 
p.14   Item 1.1.1.10    "At the time this guide was revised, the NRC staff had not yet 
approved WCAP-16793-NP.  Decision expected by the end of 2011". 
 
Is this a reason for delaying issue of the guide until downstream effects on fuel 
assemblies are included? 
 
1.1.2  "The debris…that could accumulate on the suction strainer should be minimized". 
 
Minimization without considering constraints, such as cost and worker exposure, cannot 
be performed. 
 
In view of the thin-bed effect, is it always good to reduce the amount of debris? 
 
1.1.2.3   Are tags and labels really an issue when the strainer area is several thousand 
square feet?    If this does matter because the tags and labels break up to the individual 
fiber level, the wood fibers in paper or board are not the same as fiberglass and tests 
would seem to be needed to assess their effects. 
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p.18  Item 1.3.1.7    "If the strainer were partially covered with a filtering debris bed, 
much of the strainer flow could occur through the unblocked strainer surfaces".   Yes.   
See discussion of 1.1.1.8 above. 
 
1.3.2   a.   "The objective of the break selection process is to identify the break location 
and size that results in debris generation that produces the maximum head loss across the 
sump screen". 
 
This cannot be done until a sufficient variety of strainer head loss tests has been 
performed and predictions made by synthesizing all plant conditions that could lead to a 
maximum.   Then combinations of break locations, debris transport, debris distributions 
and approach velocities over the array of strainer assemblies etc. have to be searched to 
find how this maximum could occur, as is indicated by stating that "licensees should 
consider all aspects of the accident scenario", and listing some of them.      
 
1.3.2.1  "Licensees should consider large breaks with two or more different types of 
debris".   Shouldn't they consider all debris that is in their plant and is relevant?   Why 
two types? 
 
1.3.2.2   "Licensees should consider breaks where debris is most easily transported to the 
suction strainer".   Can this be evaluated quantitatively, or is it a matter of judgment? 
 
p. 19    1.3.2.3   "Licensees should consider medium and large breaks that have the 
greatest potential ratio of particulate to fibrous insulation debris by weight".   Why?   Is it 
always bad to have more particles?   Having no fibers at all in the ZOI would satisfy this 
requirement.  There are data from the core blockage tests that showed decreasing head 
loss with increasing particle loading for the same fiber loading and there is no reason to 
assume that this could not happen with some other "strainer".   (It must depend on the 
sequencing protocol, since one could first get the high head loss with some of the 
particles and adding the others later would seem incapable of decreasing the head loss 
thereafter).  
 
Since debris interceptors tend to collect larger and denser debris, such as coating chips 
and fibers, they increase the ratio of particles to fibers in the mix that gets to the strainers, 
which appears to be undesirable according to the above guidance. 
 
"and breaks that generate an amount of fibrous debris that, after its transport to the 
strainer, could form a thin layer that could subsequently filter sufficient particulate debris 
to create a relatively high head (called the "thin-bed" effect)".     
 
See the discussion under D above.   There seems to be no reason why the bed has to be 
"thin" in order for an anomalously high head loss to occur due to particles packing the 
spaces within the fibers.   The "thin-bed" effect is not understood, is technically 
undefined, and it is not known how to make it happen or avoid it.  
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Since debris interceptors reduce the amount of fiber, can they promote this thin-bed effect 
if the bed would otherwise be thick? 
 
1.3.2.6   "Licensees should consider locations that result in a unique debris source term".   
The word "unique" is strange.  What is wanted is presumably a comprehensive selection 
of sources that produce a large variety of possible mixes of debris.   
 
1.3.2.7   "If the LOCA blowdown does not generate a significant amount of fibrous 
debris, licensees should consider breaks that produce the greatest contribution of latent 
debris sources".    
 
I thought that the practice was to always use the upper bound of latent debris.   Assessing 
how much of it gets to the strainer with a particular break may be too complex, with 
neither precedent nor guidance available.   Latent debris is presumably very mobile and 
easily transported, so there is little basis for a limited zone of influence, since it will be 
washed down by slight amounts of water that cover almost all surfaces within 
containment.  Shouldn't it be treated the same as unqualified coatings? 
 
Also, is it expected that the licensee may ignore latent debris when there is a significant 
amount (how defined?) of fibrous debris, as implied here? 
 
 
Zone of influence 
 
1.3.3.1   "The size and shape of the ZOI should be consistent with experiments performed 
for specific debris sources".     Tests are at small scale.   How does one scale up to full 
scale?   Previously the approach was to determine the damage pressures that released 
debris and to derive those pressures from the ANSI jet model, now in limbo and not 
specifically mentioned in the guide. 
 
It should be mentioned that there is a different ZOI for different types of debris.  The text 
refers to "the" ZOI. 
 
Many earlier tests used air rather than a two-phase steam-water mixture in the jet.   The 
method of destruction, particularly of coatings, by impinging water droplets involves 
micro- waterhammer under the drops and is not simulated by single-phase gas tests.   
Stripping of blankets or insulation covers may be determined by the pressure field, but 
there should be some confirmation that air tests reproduce the results of two-phase tests. 
 
p.20   c.   "Licensees should use the pressure wave impulse and jet impingement 
generated during the postulated pipe break…"     The only way now available is probably 
the old ANSI model that is faulty and has yet to be replaced.   Specific guidance should 
be given. 
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 d.   "Test scaling is complicated".   How should a user interpret this remark?   Can 
it be done?   How?   Is there some guidance from NEI, PWROG or other group? This 
paragraph just lists "considerations". 
 
 e.   "If the evaluation uses simplified ZOI models…". 
 
All ZOI models are simplifications, unless one uses CFD or full-scale tests with realistic 
plant geometry, break shape, etc.   It might help to provide guidance on which models are 
acceptable and what is "sufficient conservatism".   
 
 "Although, with sufficiently conservative inputs, a spherical model may be appropriate 
for estimating the loadings of debris within a ZOI, such a model does not account for 
nonuniform blowdown that could create damage in a particular direction at much greater 
distances from the break".    
 
Yes.  A spherical model is probably appropriate for pressure waves, but not for jets.  
Earlier guidance supported the spherical model in spite of its non-physical nature, 
perhaps because reflections from structures were expected to distort the free jet.   More 
specific guidance about acceptable jet models, with pointers about where to find details, 
would help, since an issue is raised here but no path to resolution is indicated. 
 
1.3.3.2   "combining a small quantity of calcium silicate with fibrous debris may not be 
valid".  Better to say, "is not valid", giving clear guidance. 
 
1.3.3.3    "All insulation,… within the ZOI should be considered". 
 
There are several ZOIs (not "the" ZOI) for different materials and structures of insulation.  
(e.g. "erosion of concrete" occurs over a smaller area than "stripping off paint"). 
 
1.3.3.4   "In addition to debris generated by jet forces from the pipe rupture, the analysis 
should consider….".    This presumably includes all latent debris.  See comments on 
1.3.2.7 above.   Are there ZOIs for these other sources of debris  (probably not; it is all 
counted)? 
 
p. 21      1.3.3.5   "The analysis should consider debris erosion that results from continued 
degradation of insulation and other debris when subjected to turbulence caused by 
cascading water flows..".      
 
What specific output is required from this "consideration"?   Is there a technical basis for 
predicting the changes in debris size and character that result?    This looks like an open-
ended question that makes the job of completing the entire analysis difficult.   It also 
influences justification of debris preparation for tests.    Is it reasonable to require 
evaluation of more elaborate mechanisms for modeling plant phenomena than can be 
reproduced in the prototypical strainer test protocols?  
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Debris Transport 
 
1.3.4.1   "The calculation of debris quantities transported to the ECCS strainers should 
consider all modes of debris transport".    
 
This is another open-ended statement that may baffle utilities with its implied complexity 
unless there is more specific guidance from NEI or some approved source.   If such 
guidance is available, it should be cited here.  (See comment re p. 29) 
 
1.3.4.2   "Debris that may float temporarily because of air entrapment". 
 
Can this be predicted?  It seems likely as the insulation is originally filled with air, but I 
do not know of a reliable technical base for analysis.   Do the jet impingement tests 
measure air entrapment?   Is it different when air jets are used?   Does it matter?   The 
debris used in prototypical tests is all chopped up to the individual fiber level that is 
unlikely to trap air, though some small bubbles may stick. 
 
Even if the debris does not contain enough air to float, it may still carry some entrained 
air to the strainers.  This does not seem to be part of the test protocol.   If floating matters, 
then probably this effect does too.   
 
Gas entrapment and floatation may also occur from chemical reactions, such as 
production of hydrogen from zinc or aluminum chips in the sump itself. 
 
1.3.4.3   "The analyses should also consider the potential for further decomposition of the 
debris as it is transported to the ECCS strainers".    Can "analyses " do this?   How broad 
a scope of experiments may be needed?   
 
Is agglomeration also possible?    Is there evidence that this effect is significant?  Is this a 
red herring, unnecessarily complicating the issue?  
 
1.3.4.4   "An acceptable approach to predict debris transport resulting from fluid flows 
caused by long-term recirculation or pool filling is to use appropriately verified CFD…". 
 
This is one of the few places in this long list of things to be considered where an 
acceptable approach is indicated and a suitable reference to details given.   I am unsure 
that CFD can predict settling, deposition, sliding along the floor, and reentrainment of 
debris.  Attempts to model snowdrift formation, for example, have had difficulties. 
 
p. 22   1.3.4.7   "In lieu of performing detailed blowdown and washdown debris transport 
analyses, licensees can conservatively assume that all debris entering or originating in the 
sump or suppression pool is transported to the ECCS strainers". 
 
This looks like the way out of a lot of difficulties for plants with little debris.   However, 
the statement needs revision.  Blowdown and washdown are mechanisms that transport 
debris from containment to the sump; therefore, assuming something about what happens 
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to "all debris entering or originating in the sump" does not bypass consideration of those 
modes of transport.   Is the intent to say that all debris produced by blowdown or existing 
from any other causes may be assumed to reach the ECCS strainers? 
 
1.3.4.8    "The effects of floating or buoyant debris on the integrity of the ECCS strainers 
and on the strainer head loss should be considered." 
 
The test protocols say nothing about buoyant debris and I have seen little of it during 
tests.   How is this matter handled in practice? 
 
"For strainers that are not fully submerged". 
 
Elsewhere in the guide it is implied or stated that strainers should be fully submerged.  Is 
this an issue? 
 
"temporarily float;  that debris may then be transported to the vicinity of the ECCS 
strainers by surface currents and then sink on top of the strainers". 
 
Is this open-ended speculation about a possible phenomenon, or are there methods and 
guidance about how to handle it?  Does it matter?  If all the air is not released when the 
debris falls, how does it affect the strainer head loss and downstream effects? 
 
1.3.4.9   "Credit for the performance of debris interceptors".   See earlier comments about 
p.19 and later comments when discussing p.27 about less debris possibly promoting a 
thin bed. 
 
Coating Debris 
 
The opening statement refers to several source documents, which is good. 
 
1.3.5.1   "Licensees should use a ZOI for coatings that is determined by applicable testing 
and plant-specific analysis".  
 
How do they model the blowdown jet?   Air tests of coating removal should not be 
allowed since water droplets are likely to be more effective. 
 
Latent Debris 
 
p.  23 
1.3.6. a.   "Latent debris in containment during operation may contribute significantly to 
head loss across ECCS strainers". 
 
Is this speculation or supported by evidence?   Can the small amounts involved, 
particularly of fibrous material, really affect head loss on strainers with areas of several 
thousand square feet? 
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Useful references to NEI documents are provided.    This pattern should be followed 
throughout the guide, when possible. 
 
1.3.7.  a.   Ref. 27 is cited for evaluating the flowpaths upstream of the PWR containment 
sump "which could limit flow to, and possibly starve, the suction strainer".   Is this really 
an issue for latent debris which is limited in size and amount?   A reference is provided 
here, but not for the much more likely upstream effects on drains from blowdown debris 
(page 12). 
 
Downstream effects 
 
1.3.8.  a.   Is the fine debris that gets through the strainer really likely to block nozzles 
and valves?  Is this an issue?   Getting into bearings and seals, or clogging filters for 
bearing cooling, seems more likely to be important (see 1.1.1.10). 
 
p.  23 
 
1.3.8..b.   Strainer bypass debris is discussed here.   It "should be determined during 
strainer head loss tests, as discussed in Section 1.3.12.g".   However, the discussion there 
does not give much by way of guidance, though some effects are discussed.    It says, 
"Licensees may sample the flows downstream of the test strainer".  "should" would be 
better than "may".   The staff should probably also give more idea of what it looks for in 
the completeness of these tests, the expected outputs from them, and how they are used to 
estimate total bypass in a plant where conditions may vary greatly over the strainer 
surface.   Tests that seek a maximum in head loss may be unsuitable for determining a 
maximum in debris bypass. 
 
p. 25   1.3.9.6.   "the possibility of dynamic loading on the strainers".    It would be 
worthwhile to specifically mention chugging and condensation oscillation loads on 
strainers in BWR wet wells. 
 
1.3.10   Chemical effects.   Specific references describing the general approach are cited, 
which is good. 
 
1.3.11  b. and c.   I doubt if the "worst case" is limited to either "when a layer of fiber just 
thick enough to fully cover the strainer accumulates" or "the maximum debris loading 
case".   There are many other possibilities that should be explored.  The maximum may 
occur for a particular combination of debris constituents, when introduced in a particular 
way and sequence at a particular temperature. 
 
A "thin, dense debris bed" may cause unusually high head loss but it does not necessarily 
"maximize" it.   More fibers and particles arriving later and depositing on the thin bed 
would increase the head loss further and the overall bed would look "thick". 
 
It is also best not to focus on the maximum loading case, since tests show head loss does 
often not monotonically increase with loading. 
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p. 26    
 
1.3.11.1   "Debris accumulation on the ECCS strainers for the head loss evaluation should 
be based on the amount of debris generated and the formation of different combinations 
of fibers and particulate mixtures (e.g. minimum bed of fibers supporting a layer of 
particulate debris, as well as maximum debris loading)".   
 
 I suggest removing the statement in parentheses, as these cases are not necessarily the 
worst.  Indeed, I understand that no "thin-bed effect" has been found in extensive 
prototype testing so far.   The objective should be to explore realistic possibilities 
sufficiently to establish enough confidence in predicting actual behavior.  
 
1.3.11.2   "Unless otherwise shown experimentally, licensees should assume that debris is 
uniformly distributed over the available strainer surface". 
 
How would such an assumption be used?   The actual measured head loss in prototypical 
tests is used to assess plant behavior, without necessarily knowing the distribution of 
debris, which does not appear uniform in many tests of complex strainers, such as those 
with a pocket geometry.   It would seem that the specified assumption would only be 
useful if one were to predict the head loss analytically, which is not recommended in this 
guide  (1.3.11.4  "Analytical or empirical head loss correlations should not be used to 
validate plant-specific debris head losses"). 
 
Distributing the fiber and coatings components uniformly is non-conservative for 
predicting particulate debris bypass, since this component will probably pass through 
areas that have no fibers on them.    If fibers and coatings settle more readily than small 
particles, they may concentrate on the lower surfaces of the strainer and leave the upper 
levels open. 
 
There is a practical question about how debris deposition and head loss vary around the 
circumference of a large strainer array that almost fills the periphery of the containment.   
This is not determined by prototypical tests of a single strainer unit.   The guide appears 
silent on this significant issue, which is not "shown experimentally" in the tests. 
 
It is conceivable that debris would preferentially deposit on strainer surfaces near the 
regions where washdown occurs.  In more remote regions the smaller amounts of debris 
could lead to a "thin-bed".   So it is not necessarily conservative to assume uniform 
coverage. 
 
1.3.12  Prototypical head loss testing 
 
a.   "The methodology to predict key inputs to the head loss testing has been 
conservatively developed". 
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Thoughts about what is conservative evolve.   The specified sequence of addition of 
various types of debris was thought to be conservative, based on a few tests on strainers 
with simple flat plate geometry.   Tests on fuel assemblies have sometimes shown the 
prescribed approach of adding the particles first does not always lead to the greatest head 
loss.   It is better to explore a range of realistic possibilities, since there are uncertainties 
in knowing what is conservative for a specific strainer design. 
 
It is good that NEI guidance is cited. 
 
b.   "The objective of prototypical head loss testing is to determine the potential peak or 
bounding head loss that could occur across a suction strainer debris bed during a 
postulated LOCA scenario". 
 
The conditions around the strainer assemblies in a plant are unlikely to be uniform.  If the 
head loss has a double-dip character, being large with a thin-bed and large with a thick 
bed of the maximum debris load tested, but lower in between (as maintained in this 
guide), then non-uniform distribution around the circumference of the array could 
produce significantly more head loss than a uniform distribution.  Is the intent to assume 
the maximum possible head loss on every unit, even if this is physically impossible, since 
with a given amount of debris, it is likely that all units cannot have a thin-bed, or the bed 
that gives the maximum head loss with more than the average amount of debris?   Does 
the test loading stop with the average maximum loading (i.e. dividing the debris up 
uniformly around the individual strainer units) even though some strainer units may have 
much more than the average loading in the plant?    What is "conservative with respect to 
the plant" when debris loadings are not uniform among strainer assemblies? 
 
p.  27 
 
c.   "The test specifications should be designed to determine the worst-case head loss 
from all of the possible types of debris beds that could accumulate, given the bounding 
quantities of debris (i.e. thin-bed…)". 
 
This repetition of the importance of the "thin-bed" in several paragraphs seems to indicate 
that tests should be prolonged indefinitely until a thin-bed is actually found.   Is this a 
"Moby Dick" search for the ultimate worst-case, though it may be highly improbable?    
At what point should one give up the search? 
 
If a thin bed is bad, why are curbs and interceptors recommended, and settling credited if 
justified, to reduce the amount of debris that might otherwise form a thicker bed?    
 
Without clearer understanding and definition, the thin-bed specter can spook the 
rationale in several parts of this guide.      
 
What are "beds with stratified debris"?   Is there some reference describing what is 
meant?   Should the beds be examined to look for this effect? 
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Since debris deposition is likely to vary among assemblies, by how much should the 
debris loading in tests be increased above the average amount that is determined by 
dividing the total debris load by the total area of the strainers, or decreased below the 
average in search of a thin bed? 
 
d.    "Licensees that want to scale the results of head loss tests conducted using colder 
water temperatures should ensure that boreholes, bed degradation, open strainer area, or 
other phenomena that could affect the head loss response of the debris bed do not have a 
non-conservative effect when temperature is scaled". 
 
What is non-conservative for head loss may be conservative for debris bypass and vice 
versa.  How does one trade off conflicting effects from phenomena such as boreholes? 
 
Temperature is usually assumed to affect viscosity, but there appears to be no way of 
predicting other effects, such as those mentioned above  (there is no way yet to predict 
the occurrence of boreholes, let alone the effect of temperature on them) and others, such 
as the ability of the bed to compress, chemical bonding effects in the bed, sliding of 
particles through the bed etc. without a large number of tests at realistic temperatures.  In 
view of many uncertainties, eventually the staff may need to require the use of realistic 
temperatures in the prototypical tests. 
 
"Open strainer area" seems to conflict with the earlier advice (1.3.11.2) to assume 
uniform debris distribution over the strainer. 
 
e.  "Licensees may need to extrapolate the results of head loss testing for a time period 
matching the mission time of the ECCS". 
 
What is involved?   What specifically changes and permits extrapolation within the 
restrictions given earlier about scaling head loss?   Can long-term chemical effects be 
extrapolated? 
 
p. 28    Figure 2 
 
This conceptual schematic provides a useful road map and illustrates the structure of the 
recommended approaches in a way that is otherwise hard to abstract from the text.   It 
may be useful to put it up front in the guide and use it to structure the following text.  
This may also help avoid repetitions or conflicting advice.   Why is it placed here, when 
discussion of the phenomena continues after it? 
 
Under "Prototypical or Conservative Test Procedure", I would emphasize the prototypical 
aspect, since one does not always know with much confidence what will turn out to be 
conservative.   How does one know that debris preparation, addition and sequencing are 
conservative or prototypical? 
 
The Test Matrix contains "Thin-Bed Loading", perhaps implying that this phenomenon 
must be evidenced in the tests for them to be successful.   Also, Procedural Variations 
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and Repeat Tests are good but licensees have been reluctant to perform them.  How 
extensive do they need to be?   What are Lesser Variations? 
 
Under Debris Load, what is a Minimum Filtering Bed?    The load and composition 
should be varied over a realistic range, not concentrated on some maximum or minimum 
conditions. 
 
Under Licensee Recirculation Hydraulic Parameters, Temperature appears and it feeds 
into the Test Matrix, suggesting that it should be a parameter in the tests. 
 
The box labeled Head Loss Measurement should be Plant Head Loss Assessment.   
Measurements have been completed in the Test box. 
 
Upstream Evaluation belongs between Debris Transport and Debris Load as it influences 
how much of the debris gets to the strainer. 
 
NPSH evaluation is presumably the required NPSH, or perhaps the NPSH apart from the 
strainer head loss.  Then NPSH margin refers to the difference between the required 
NPSH (from submergence, piping etc.) and the strainer head loss.   An interesting 
question is whether CAP can be used to account for unacceptable head loss, or must the 
strainer or insulation be modified? 
 
p. 29   f.   "Licensees should conduct tests in a manner that ensures complete transport of 
debris to the test strainer". 
 
This appears to assume that more debris, more or less uniformly spaced, is conservative.  
But it may not be so from the point of view of a thin-bed head loss over part of the 
strainer or from the point of view of strainer bypass when larger components concentrate 
near the bottom of the strainer. 
 
"Agitation with stirrers" may unrealistically remove entrained air or otherwise change the 
debris characteristics (1.3.4.3 asks for consideration of further decomposition of debris as 
it is transported.  See also 1.3.3.5 for "degradation when subjected to turbulence".  Does 
the stirring and other means of debris preparation suitably represent this?). 
 
This paragraph lists many effects.  It ends with "Because of the practical inability to 
simultaneously scale multiple, complex phenomena associated with debris transport in a 
rigorous way, licensees should apply conservatism to tests that model both transport and 
head loss".   Yes, but how do they know what is conservative?   Will this be done in a 
discursive, qualitative way or by exploring the quantitative influence of various 
simultaneous phenomena? 
 
If effects in the tests are faced with "the practical inability to simultaneously scale 
multiple complex phenomena..", doesn't this apply even more to the less controlled 
phenomena in the plant that the licensee is asked to assess (see earlier comment E).   
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g.   "Licensees may sample the flows downstream of the test strainer to determine the 
amount of debris passing through the strainer". 
 
This is a weak statement.  Better say, "Licensees should determine the amount of 
debris…".    It is needed for the assessment of downstream effects. 
 
Since large amounts of water flow through thousands of square feet of strainers, the 
downstream debris may be very dilute.   A grab sample may not detect it adequately.  
Periodic sampling may not be effective if  "boreholes" erratically open and are closed up.   
Continuous sampling, or even a second filter for all of the flow, may be desirable.   Also, 
since the debris layer is probably not uniform, sampling needs to cover enough of the 
total area of the strainer to obtain an adequate total.  It would be useful to give more 
explicit guidance, based on experience from tests.    The paragraph describes possible 
effects but does not give advice about what to do.   
 
Tests designed to produce a conservative head loss, by stirring the mix and distributing 
fiber over the whole strainer for example, may not be suitable for obtaining a 
conservative measure of bypass, perhaps where parts of the strainer are not covered with 
fibers.    Should the "separate strainer pass-through tests" be designed with a different 
protocol to obtain a conservative measure of debris bypass? 
 
i.   "A conservative assumption is that all of the LOCA debris is present on the strainer at 
the beginning of recirculation".    
 
This seems reasonable, but may be based on judgment with no supporting evidence.   
Particles that originally pass through the strainer may be recirculated through the reactor 
and sump and could later clog up pores in the fiber mat, perhaps on the top layer where 
they would create more pressure drop than if distributed uniformly by the suggested 
assumption.   Results are known to depend on the sequence of arrival of debris 
components. 
 
p. 30 
 
j.   "significant variation for the same debris loading",  "should ensure that head loss tests 
have been demonstrated to be sufficiently repeatable". 
 
Yes.   Little of this has been done in tests I have read about. 
 
k.   "Variations in the sequence and rate of debris introduction can potentially affect the 
head loss".   
 
Yes, by orders of magnitude in one series of tests at PNNL. 
 
"The most transportable debris should be added first and the least transportable last".   
This suggests an effort to be realistic, rather than looking for the absolute worst case that 
may produce a high head loss but be highly unlikely to occur. 
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This recommendation appears to conflict with the advice elsewhere in this guide to stir 
the debris into a homogeneous mix before it flows to the strainer, and also with the 
advice to search for the worst case.   The staff perhaps needs to think seriously about 
whether the tests should be as realistic as possible, or should search for some extreme 
conservative limiting case (ACRS may have thoughts on this). 
 
2.  Regulatory positions specific to PWRs 
 
Figure 3 provides a useful road map and structure for this section. 
 
2.1.1   "The ECCS strainers should be located on the lowest floor elevation in the 
containment …to maximize the pool depth relative to the strainers". 
 
This appears to conflict with earlier advice to put them on a pedestal and slope the floor 
downwards away from them to a drain.  Presumably some tradeoffs are made in meeting 
these design objectives. 
 
"protect the strainer inlets"?    The "inlet" is usually almost the whole floor of the sump?   
"Protect" means intercept some debris before it gets to the strainer? 
 
"A curb… to prevent high-density debris from being swept along the floor into the 
sump". 
 
Which floor is this?   Debris is also swept along the sump floor?  Later discussion of 
turbulence in the pool suggests that it is the sump floor that is meant.   Curbs may be 
more useful at higher levels in containment? 
 
p. 31 
 
"some types of debris could transport across the containment pool floor to the suction 
strainer by sliding or tumbling".   Mentioning a possible phenomenon does not provide 
guidance about whether and how to assess it. 
 
p. 32   Figure 3 provides a useful overview.   It would help if the items in the boxes were 
more directly coupled to the structure and content of the text. 
 
p.  32   Useful references on chemical effects. 
 
3.3.1   "the consideration of chemical effects for BWRs requires additional evaluation".  
Any guidance on this?   Any sources?   Is this work in progress? 
 
p. 34   Figure 4 
 
What is the difference between "Debris Pressure Drop" and "Head Loss Incurred across 
Debris Bed". 
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p. 35   Figure 5 
 
The boxes describe "events that may affect debris blockage".   Does this mean that 
licensees should assess all of them?   Do some boxes or items need further explanation in 
the text (e.g. "continued resuspension", "deposition on structures")? 
 
p.  36     Section D  IMPLEMENTATION 
 
"The acceptable guidance may be a previous version of this regulatory guide".   Have no 
staff positions (e.g. ZOI modeling, use of analysis to predict head loss) changed as a 
result of experience?    
 
This section is probably necessary as part of the regulations.  It does appear to weaken 
the impact of the guide since everything is voluntary and the many statements in the 
guide starting with "the licensee should" are not to be interpreted literally. 
 
Appendix A     Hydraulic Performance of Water Sources 
 
This appendix provides useful information, but why is the particular topic selected for 
inclusion in an appendix.  Other equally important topics are mentioned in the text and 
the reader is left to search for more complete information in a variety of sources without 
being provided with tables or figures reproduced from such documents.   
 
Figure A-1 has general applicability.   It might be better to put it in the main text and use 
it to structure the discussions there.  The appendix focuses on air ingestion (deaeration is 
discussed, but little guidance given), and a few mechanisms of strainer failure.  
 
p.  A-3   The Froude number is presented as a criterion for vortex formation.   The Froude 
number represents the balance between gravity and dynamic effects (fluid momentum 
flux or kinetic energy).   At a pipe inlet it describes "drawdown" of the air-fluid interface, 
which may lead to ingestion.   It has nothing directly to do with vortex formation, that 
requires vorticity in the fluid or a suitably unbalanced oncoming flow.  The guidelines in 
Table A-1 appear very conservative from the point of view of drawdown and must 
inherently describe some sort of vortex creation determined by a parameter other than the 
Froude number. 
 
In view of the above, it may be advisable to require model tests representing the nature of 
the oncoming flow, vortex formation around obstacles, etc.   CFD might be shown to be 
able to predict the onset of vortexing. 
 
p.  A-8   Discussion of strainer failure would seem to belong in the main text. 
 
Section A-4.2    The details of possible phenomena with partially submerged screens 
(strainers?) are interesting.  Are they included here because there is no available reference 
on the same topic (although the staff told us there was no new information in the guide)?   
No other subject is treated with this degree of detail in the guide. 
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