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Based on the cmriclusions of the U S  Nuclear Regulatory Commission study 
documerited in NURF:G/CR-I 2241 [Ref. I :I, plugging of emergency core cooling system 
(ECCX) strainers by loss-sf-coc)lc?nt-accidQnt (L0CA)-related debris is a potential safety 
issue for boiling water reaclors (SW Fls).  To address this safety issue, Performance 
Contracting, Inc. (PGI) devcrlopod and tested two prototype stacked-disk strainers. 
Referred to commercially unelrv the tratlcwiark Sure-flow strainer, the PCI strainer concept 
consists of a stack OB coaxial, perforated metal plate disks that are welded to a common 
perforated, iriternal core tube. This design maximizes the surface area of the perforated 
plate while keeping the circurnscxibed area to a minimum. 

To evaluate the hc?acl-loss perflormarrco of Sure-Flow strainers, several prototypes were 
fabricated arid tested by PCl and the Boiling Water Reactor's Owners Group (BWROG) 
over a period of 9 month:; [Ref, 21. One of the prototype:;, which is generally referred to 
as Stacked-Disk #i irr the BWWOG lltility Resolution Guidance (URG) [Ref. 91, was a40%- 
scale prototype with six disks, five troughs between the six disks, a 13-in. core tube, a 30- 
in. outside diameter, arid a 2.5-ft-long stacked-disk strainer. A larger prototype, which was 
referred to Stacked-Disk ##2, vvas ii 4-ft-long strainer with a core tube diameter of 26 in. and 
a stack outer diameter of 40 in. Both the BWROG and PCI tested the head-loss 
performurice of thest: strainers. "The testing procedure and the results of the testing are 
summarized in 13efs. 3-4. Arr t?ngineering correlation of the test data also was proposed 
by PCI but wilh several limitations. 

The !;ure-F'low strainer is not a "one-size fits all" type of standardized strainer. Instead, 
the conctlpt promoted by PCI is to use similarly designed strainer modules of various sizes 
and quantifies as necessary for each plant. The overall approach is that the individual 
plant first vvould detormine the anticipated debris loading and the strainer design criteria 
applicable Po that plant. PCI and  its associated contractors would determine the size and 
number of stacked-disk mod~~les necessary to meet the design criteria. For this approach 
to be succcssful, the PCI team of contractors needed a model that accurately predicts the 
head-loss performance of a germ-ic t2GI Sure-flow strainer. The ITS Corporation (ITS) 
adapted a generic head-loss model used in the NUREG/CR-6224 study [Ref. 71 and 
extended ii to the stacked-disk strainer geometry [Ref. 81. ITS developed a proprietary 
computer code named HLOSS to autorriale the head-loss calculations performed for each 
plant. 'll-ie overall technical approach f o r  insing the NUREGICR-6224 correlation to predict 
PCI §urwF:lovv strainer petforrnanrx was validated kiy comparing the correlation predictions 
with the head-loss data listed in IRefs. 2-4. 



‘1.2 Objectives of the LANL.. Te(>hnicial Review 

The PCI test data and the ITS head-loss rnodel were used by many licensees. 
Becaust: of this, NRC tasked LANL to perform an in-depth review of the P61 head-loss 
data and examine the validity of the ITS head-loss model(s). This report summarizes 
LANL’s findings. 
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2.6 FINIIINGS OF LANL REVIEW A N 0  ANALYSES 

2.1 PCl Strainer Testing Pr~3gram 

The head-loss testing data were obtained primarily for two prototypes, which are 
referred to I-ictre as thc PCl-1 and PCI-2 strainers. Table 1 provides the geometrical details 
of these strainers. 

Table 1. Geomeltrical &oils of the PCI Prototype Strainers. 

The head-loss data for these strairizxs were obtained for the following configurations. 

QI 

* Sirainer with Nuicon Fiber 
* 
QI 

Clean Strainer (to estimate frictiorial losses resulting from the plate, core tube, etc.) 

Slrainer with Nulton Fiber and Sludge 
Slrainer with Fleilectivo Metal Insulation (RMI) 

The head-loss data from theso tests are given in Tables 2 and 3 except for the clean- 
strainer head-loss data. The PCII tesl program followed the test procedures and quality 
iwxIran(:e (QA) plans clescribed in the It'3VVROG URG [Ref. 31. 

2-1 -1 Clean-Strainer Head il.~oss 
The clean-strainer head-loss data were obtained at two different facilities: (1) the 

Electric Power Research Institute (EPR)I facility used in the BWROG testing [Ref. 31 and 
(2) Fairbanks Morse 15ump Company /Ref. 51. These data are plotted in Fig, 1 along with 
Ihe clean-strainer head-loss data for other strainer rnodels examined by the BWROG (e.g., 
the 60-pciint strainer and the truncated cone). As evident from Fig. 1, the truncated cone 
and the ;Idvancod designs resulted in ahout the same clean-strainer head loss. 



Tabk 2. Strainer Head-Loss Data for PCE Sure-FEow. 
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Fig. 1 = Clean-Strainer Head-Loss for Various BWROG Strainer Designs [Ref. 31. 



Table 3. Loaded-Strainer Hea~d--Ler!ss Data for Pel-1 Prototype Strainer [Ref. 31. 

The clean-strainor head loss plotted in Fig. 1 includes the acceleration head-loss 
componlsnt, and the connecting flangcr head loss. PCI developed an empirical correlation 
%or the strainer head Uoss by itself as lollows. 

where 
AH,, := clean-strainer heaid loss (ft-water), 
a := 8.0022, 
K, := 1024, 
K, := 8.8792, 
v := kiriematic viscosity (ftYs), 
V,, 
<I 

‘= entrance water vltzlociky (ft/s>, and 
== the yravilaticanal constant (:~?.2 ft/sZ)” 

This correlation appears to pc!rtvrrn woll and, in fact, is cornparable in head-loss prediction 
to the  hcad-loss valtres ~isecl in the Dresden strainer head-loss analyses. 

2.1.2 Strainer HeatJ-&.oss Data for Simulated Fibrous Debris 

[Refs. 3, 4, and 61. The following observations were made during the testing. 
Tables 2 and 3 summarize the head-loss data obtained for the PCI prototype strainers 

e With the exception of Test ID 95-4, the filtration efficiency measured for most of the 
trsts varied betvveen 7’5% arid !U% with one exception. In the case when the total 
debris loading for PCI-2 is 3 Ib (or 1.2. ft3) dispersed on a strainer surface area of 
approximately 170 ft’ the measured capture efficiency was 40%. For other debris 
loads where Ihe tied thickness varied between 0.25 in. and several inches, the 



mc?asured filtration cot!flicient was much higher (75% to 97(Y0). Of course, the 
higtmr efficiencies are also a reflection of the fact that the head-loss system is a 
closed-circuit system (in that the sludge is recycled several times). 

In solected experimcrits, IYJ rvreasured the actual volume of the debris and 
cciinipared it wilh a theoretical debris volume to draw conclusions regarding debris 
bed c:ornpressibility. E3asetl on this, it was determined that the NUREG/CR-6224- 
suggested cornpression equation perforrns fairly well for the Nukon debris in 
conj i,i nc tion with the stacked- disk st rairiers. 

PCI developed a purely ernpitical equation to predict the head-loss performance of the 
IXI strainer loaded with the fibrous debris and particulate debris. This equation is given 
a S 

This is a pure regression fit. The coefficients from the regression fit are as follows: A= 
8.7696, 13:--O.C)2292, C =: -0.5406, and D = 0.08916. PCI noted that the validity of the 
regression fit could not be assured kswause the fit does not relate head loss to 
iundamental strainer properties; such ai; strainer area vis-a-vis debris volume. 

2.1 "3 StraEner HeadM.Loss Data for Sirmulaled Fibrous and RMI sfebris 
The FCCII strainer underwent a series of tests to capture the effect, if any, of adding RMI 

lo the fibrous debris. lest 95-03 lased 2rj Ib of N u h s n  and 100 Ib of corrosion products on 
the F'CI-2 prototype, strainer. Test 96-02 is a repeat of Test 95-03 with the exception that 
approximately 808 ft' of HMI debris was added in addition to the Nukon and corrosion 
products. Table 4 presents the results for these tests. As evident from this table, addition 
of RMI does iricrease head loss at higher water velocities. The difference in measured 
head losses is 6 in. and 12 in., respectively, corresponding to flow rates of 7500 and 
10,000 gal./min. This clearly r:slablishes that the head-loss contribution of RMI should be 
carefully accounted for in thc NF%H,,,,,,, estirnaies. 

Table 4. Head-Lass Data from Tests 95-03 and 96-02. 



2.2 Analysis of Head-Loss Data 

2.2.1 Background 
The purpose of this sectiori is to explore how the NUWEG/CR-6224 correlation can be 

adapted lor PCI stacked-disk sttaiiners. 'The NUREG/CR-ti224 head-loss correlation was 
(leveloped based on experimental data obtained for flat-plate and truncated-cone strainers. 
In its original farm, it should be uscd only lor these type of strainers. However, it can be 
easily modified or adapted to predict head loss across more complex strainer shapes, such 
as General Electric and PCI :;t:l(;Cred-disk strainers. This adaptation was sought by the 
staff for several reasons. First, S L K ~  an adaptation would provide an bidependent tool that 
can be used try the staff to evaluate the performance of strainers installed at various 
operating BWW plants. Such a tool can bo very effective at evaluating licensee analyses 
(luring brief orr-site pliant reviews. Second, because the basic correlation was validated 
previously c)ver a wide range of operating pararneters (debris loads, sludge-to-fiber ratios), 
the adapted correlation can tie used by the staff to predict a strainer performance for a 
Fiararnetcv range beyond which that strainer was originally tested. Finally, this exercise 
;dso will provide the assuraricIe that the ITS-proposed method of correlating PCI strainer 
t lead-loss data is adequate. 

PhenomenologicaI 1 Jnderstandlhg of Debris Deposition on Stacked-Disk Strainers 
The basic idea of stacked-disk strainers is to rnaximize the perforated plate area for a 

given projected size of the strainer (also known as the circumscribed size). The head loss 
caused by these strainers is significantly controlled by such factors as (a) the gap volume, 
(b) the plate surface area, and (e) the change in deposition area with debris loading. The 
importance of these iactors can bc explained by considering the schematic presented in 
Fig. 2. This schematic shows the debris build-up on a PCI stacked-disk strainer. 

Initially, the debris would acc:urnulate nearly uniformly on the strainer plate surface. At 
this extreme, the strainer surface area available for deposition would be very close to the 
total perforated plate area. -Tt.ius, head loss should be able to be predicted by treating the 
plate as a flat plate with a flow area eqirnl to the total plate area. The flow velocity and bed 
Ihicknes:; then would be as follows. 

The resulting head loss cim be calculated using the NUREWCR-6224 correlation or 
similar eo rrelat ions. 

On the other extreme, when the loads are very high, the gap voluwie first would be filled 
mrripletely, and the rcmaining debris would be deposited on the circumscribed area of the 
strainer. For this portion of thlc debris buildup, once again, the NUREG/CR-6224 
correlation can be ussd with the velocity arid thickriess evaluated using circumscribed area 
instead 121 plate area. For moderate loads, sorne sort of interpolation scheme that 
gradually decreases flow arcit CRIII be sought. 



One of Ihe key parameter:; necessary to apply this criterion is the compressibility of 
fibrous debris beds. NRC memurerrients have shown that beds tend to be highly 
cornpres:;ible when subjected to large twad loss across them. NUREG/CR-6224 provided 
the following relationship that car1 be used  to calculate actual bed density as a function of 
t h e  pressure drop across the  tied: 

The following section prt~vides the head-loss equations used to perform these calculations. 

Fig. 2. Schemalie Illli.rstra.Uioii of Debris Bed Eluildup on Stacked-Disk Strainers. 



2-22 Application of Modified NIUREG/C~IR-6224 Correlation to PCI Strainers 

different debris bed thic:knesscs. The general head loss equation used is 
The following methodology was used to calculate head loss across the debris bed for 

All the sytnbols are descxibed in Appendix B to NlJREG/CW-6224. Units are in FPS; 
~ O W ~ V ~ Y ,  AH is in ft-water and AI.. is in inches. 

"Thin-Bed Approximetiion (Vf/V!gap s 0.30) 

In this CEISC?, 
For thin beds, the whole plate surface area provides a location for debris deposition. 

Intermeidkite Bed WpproximmaPion (4 .I) > V,/V,,, > 0.30) 
For iriterrnediate loadings, the area available for deposition gradually decreases and 

the velocity within tho bed gradually increases. An approximate formula for evaluating 
head loss is 

'This relation simply provides a rrieans for calculating head loss using a volume-averaged 
velocity ihrough the beti 

'Thick-Bi,ptJ Approxirnatlon (Vfl!Jap > I .O) 
Head 10:;s from a "rick bed is a sum of head loss resulting from the fully loaded strainer 

and a calc:ulatecl csnlribution from the circurriscribed portion using the following closure 
re I at ions h i ps . 



Although these equations appear complex, they can be salved easily. The results of the 
comparison are presented in Figs. 3 and 4. As shown in these figures, the NUREC/CR- 
€3224 correlation can prcxlict the head-loss data for PCI strainers fairly accurately (within 

Figure 3 presents ii point-by-point ccrrnparison of NUREG/CR-6224 model predictions 
with the experimenlal data. A11 lhe pcrinls were within +25'/0 bounds, indicating good 
agreemerid belween the correlation and the test data. This agreement confirms that the 
head loss caused by deposition of debris on stacked-disk strainers can be simulated 
adequately by accurately acr:ouriting for the change in the flow cross section. This 
comparison also suggests that the PCI approach is probably accurate, although we cannot 
rnake suc:h a positive conclusion until we exarnine how the approach was implemented in 
the HLO!;S computer code. 

Figure 4 presents a plot of effective strainer area as a function of the volume of debris 
being deposited. This c:uwc (:an be used to input ,the strainer area into the BLOCKAGE 
computer code. 

6 

:xperiwrental Data (in-water) 

Fig. 3. Point-By-Point Cornparism 0% Model Predictions with Test Data. 



Y h  n c I us i e, ns 
The review concluded that PCI was acceptable methods for obtaining head loss data. 

t-lowever, the data cannot be directly used in the plant specific analyses because the 
strainer clesign is not “oric? size fits all.” The correlation proposed by PCI is not valid for 
application because it is not based on Iuridarrienlal parameters. 

The review also demonstrated that NUFEG/CR-6224 is an effective method for predicting 
PCI strainer perforrnnnce. tlence this correlation can be used in the NWC review of 
in tl ivi d u a I i i c:e ri see E; u b nn i t t a Is 
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Fig. 4. Change in Effective Strainer Surface Area as a function of the Volume of Debris Deposited. 


