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Figure E.4-1  RMI Test Debris   

 

E.4.2 Coatings 

For the U.S EPR containment strainer testing, coatings are categorized into two debris 

types:  

• coating chips   

• coatings as particulate 

During the debris transport test performed in December 2009, a small amount of coating 

chips were introduced to the test apparatus.  The majority of chips, when viewed with an 

underwater camera, appeared to cover the top 12 inches of submerged retaining basket 

screen where a higher velocity flow towards the strainer appeared to exist.  Chips that 

were not caught in the initial current near the water surface appeared to sink to the floor 

of the retaining basket.  Due to these observations, it was determined that the qualified 

epoxy coatings would be tested in both particulate and chip form for conservatism.  This 

conservatively increased the total epoxy coating source term by 34%.  The qualified 

epoxy coatings are represented as “acylic powder or walnut shell powder.”  This amount 
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of particulate coating was weighed and added to the flume.  The same amount of 

coating chips were weighed and added to the flume.         

For coatings acting as particulate debris, acrylic powder was used as a surrogate 

material for epoxy coatings and tin powder was used as a surrogate material for 

inorganic zinc coatings.  The acrylic powder has an average density of approximately 

77.4 lbm/ft3.  The acrylic coatings have a similar density, size and shape characteristics 

to plant containment coatings and are a suitable surrogate material.  The tin powder has 

a particle density of 445.3 lbm/ft3 as compared to 457 lbm/ft3 for inorganic zinc.  Since 

inorganic zinc is considered a hazardous material, tin powder was used as the 

surrogate material.  Figure E.4-2 depicts examples of coating chips used for testing.  

Figure E.4-3 and Figure E.4-4 depict examples of the acrylic powder and tin powder 

used in testing, respectively.  

Figure E.4-2  Coating Chips 
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Figure E.4-3  Acrylic Powder 

 

 

 

 

Figure E.4-4  Tin Powder  
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E.4.3 Fiber 

Fiber material used for testing is NUKON fiber.   NUKON fiber was tested as fines and 

shredded into fines using a debris shredder.  Figure E.4-5 depicts an example of the 

NUKON  fines fiber used for testing.  

Figure E.4-5   NUKON Fines Fiber  

 

E.4.4 Particulate 

The particulate debris used for testing is comprised of: 

• latent dirt and dust mix (prepared by Performance Contracting Incorporated)  

• coatings (particulate) 

• microtherm 

Figure E.4-6 depicts a sample of the latent dirt and dust mix.  Figure E.4-7 depicts a 

sample of microtherm.  
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Figure E.4-6  Latent Dirt and Dust Mix 

 

Figure E.4-7  Microtherm 
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E.4.5 Miscellaneous Debris 

During the Debris Transport Test conducted in December 2009, miscellaneous debris 

materials were added to the flume to document how these items responded to the test 

flow conditions.  The miscellaneous debris consists of various debris items expected to 

be found in containment.  The specific miscellaneous debris used for testing is listed in 

Section E.5.  

E.4.6 Chemical Debris 

The predicted chemical precipitates generated after a postulated LOCA in the U.S. EPR 

containment are calcium phosphate (Ca3(PO4)2) and sodium aluminum silicate 

(NaAlSi3O8).  Since NaAlSi3O8 is considered hazardous, aluminum oxyhydroxide 

(ALOOH) is used as a surrogate.  Because the characteristics of NaAlSi3O8 are similar 

to AlOOH, ALOOH is used for testing in lieu of NaAlSi3O8.   

E.5 Debris Quantities and Introduction Sequence 

E.5.1 Phase 1 Testing - Debris Transport Test No. 1 

For the Debris Transport Test, debris was manually added to the fume flow above the 

retaining basket.  Table E.5-1 provides the debris allocation and flume flow rate for the 

Debris Transport Test.  The following is the list of debris and approximate sizes 

introduced into the flume during the Debris Transport Test. 

• leather work glove 

• plastic glove 

• caution tag (6 inch x 3 inch plastic material) 

• caution label (yellow ribbon 2.5 feet in length) 

• white cloth (1 foot x 1.5 feet) 

• 2 plastic tie wraps (1 foot and 2 feet long) 

• ¾ inch nylon rope (2 feet long) 
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• plastic chain link (1.5 feet long) 

• plastic bag (1foot x 2 feet) 

• ear plugs (1 set connected with an elastic string) 

• ear plugs (1 set in a plastic bag) 

• ¼ inch x ¼ inch RMI 

• ½ inch x ½ inch RMI 

• 4 inch x 4 inch RMI 

• coating chips (5/8 inches and smaller)     
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Table E.5-1  Debris Allocation and Flume Flow Rate for the Debris 
Transport Test 

 

E.5.2 Phase 2 Testing - Clean Strainer Head Loss Test No. 1 

For the Clean Strainer Head Loss Test, no debris was added into the test flume.  Table 

E.5-2 lists the five (5) flume flow rates for the Clean Strainer Head Loss Test.  



AREVA NP Inc.  ANP-10293 
Revision 1 

U.S. EPR Design Features to Address GSI-191   
Technical Report Page E-34  
 

 

Table E.5-2   Flume Flow Rates for the Clean Strainer Head Loss Test  

 

E.5.3 Phase 2 Testing - Design Basis Debris Loaded Strainer Head Loss Test 
No. 2 

For the Design Basis Debris Loaded Strainer Head Loss Test, debris introduction 

started by first adding the particulate debris to the flume.  The particulate debris 

introduction sequence was based on the most transportable particulate added first, 
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followed by the next most transportable debris.  Particulate debris was added into the 

flume via the debris introduction locations shown in Figure E.3-8 and Figure E.3-10.  

Table E.5-3 and Table E.5-4 provide the debris allocation and flume flow rate for Test 

No. 2.  The sequence for debris introduction and amounts is as follows: 

Fine Particulate Debris 

Batch 1: 100% of Microtherm (1.55 lbm) 

Batch 2: 100% of acrylic powder particulate debris (35.40 lbm) 

Batch 3: 105.5% of dirt & dust (21.10 lbm)  

Batch 4: 100% of tin powder particulate debris (90.00 lbm) 

Note: An additional 5% of dirt and dust was added to the test flume to account 

for any particulate debris lost in transit.  

Fine Fibrous Debris 

Batch 5: approximately 10% of the total fine NUKON fibers (0.5 lbm) 

Batch 6: approximately 90% of the total fine NUKON fibers (4.60 lbm) 

Note: Batch 5 was added to the test flume directly between the retaining basket 

and strainer.  Batch 6 debris introductions consisted of approximately 0.5 

lbm of fibrous debris per 33 gallon container to prevent fibrous debris 

agglomeration. 

 Coating Chips Debris 

Batch 7: 100% of the qualified epoxy coatings – chips (12.00 lbm) 

Note: Based on the results of a debris transport test conducted in December 

2009 it was observed that coating chips attached to the retaining basket 
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screen near the surface of the flume.  For conservatism, the qualified 

coatings debris source term was added to the flume in both particulate 

and chips form, essentially doubling that debris source term.  

Chemical Precipitate Debris 

Aluminum oxyhydroxide (AlOOH) and calcium phosphate (Ca3(PO4)2) were introduced 

to the flume over a 13 hour period.  The first three batches of ALOOH were added to the 

flume in approximately 5.8 gallon amounts.  The first three batches of Ca3(PO4)2 were 

added to the flume in approximately 13.4 gallon amounts.  After the first three batches 

of each chemical precipitant were added to the flume, the flume reached its prototypical 

chemical concentration.  After the first three batches, the ALOOH and Ca3(PO4)2 were 

added to the flume in approximately 4.4 and 10.2 gallon amounts, respectively, until 

100% of the scaled quantity by mass of chemical was introduced into the test flume.  

The purpose of the chemical batching was to prevent the flume from becoming overly 

concentrated with chemical debris and possibly causing the chemical to settle quicker to 

the flume floor.  Refer to Table E.5-4 for the chemical batching volumes.   

The chemical addition was comprised of approximately 40 total batches of each 

chemical precipitate until 100% of the chemical debris source term was introduced to 

the flume.  The batching process comprised of one ALOOH batch introduction followed 

by one Ca3(PO4)2 batch introduction, with a five minute interval in between the two 

precipitates.  One flume turnover (14 minutes) was allotted before the next batch of 

AlOOH was introduced to the test flume. 

The following observations were made during the Design Basis Debris Loaded Strainer 

Head Loss Test: 

• Visual observation of the strainer area at various times during the design basis 

test showed no signs of vortexing around the strainer. 

• With a fiber bed restricting flow on the wetted retaining basket, the coating chips 

were propelled directly to the open retaining basket screen.  The chips quickly 
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created a bed on the retaining basket as the water level increased leading to 

basket overflow. 

• During the initial basket overflow, some coating chips flowed into the strainer 

area.  The strainer head loss did not change from this occurrence. 

• The retaining basket successfully retained debris and prevented any change in 

strainer head loss.   

• Following the testing, drain down of the test apparatus revealed little debris at the 

strainer.   
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Table E.5-3  Debris Allocation and Flume Flow Rate for the Design 
Basis Debris Loaded Strainer Head Loss Test 
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Table E.5-4  Chemical Debris Additions and Flume Flow Rate for the 
Design Basis Debris Loaded Strainer Head Loss Test   

 

E.5.4 Phase 2 Testing - Fibrous Debris Only Sample Bypass Test No. 3 and 3A  

For Test No. 3, the fiber was introduced to the flume in two batches.  The first batch 

consisted of the mass of fiber that could potentially create a thin bed on the retaining 

basket and strainer surface.  This first batch amount is 3.3 lbm.  The second batch 

consisted of the remaining fibrous debris.  Two flume turnovers totaling 28 minutes were 

allotted between fiber batch introductions.  The first 0.5 lbm of batch 1 was introduced 

between retaining basket and the front of the strainer.  All other batches were added to 

the flume via the debris introduction tank and debris pump.  Strainer head loss was 

negligible throughout the entire test.  Table E.5-5 provides the debris allocation and 

flume flow rate for Test No. 3 and 3A.  The sequence for debris introduction and 

amounts is as follows: 
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 Fibrous Debris 

Batch 1: (3.4 lbm for Test No. 3 and 3.3 lbm for Test No. 3A). 

Batch 2: Fine NUKON fibers (1.7 lbm for Test No. 3 and 1.8 lbm for Test No. 

3A). 

After Test No. 3 was complete, the water in the test flume was slowly drained.  A visual 

inspection of the strainer showed no fibrous debris on the strainer screen.   

Test No. 3A was performed using the same procedure and debris amounts used for 

Test No. 3.  Strainer head loss was negligible throughout Test No. 3A and visual 

observations after the test showed the strainer was free of debris. 
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Table E.5-5  Debris Allocation and Flume Flow Rate for the Fibrous 
Debris Only Sample Bypass Test  
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E.5.5 Phase 2 Testing - Debris Loaded Strainer Head Loss Thin Bed Test No. 4 

For Test No. 4, the particulate debris introduction sequencing was based on the most 

transportable particulate added first, followed by the next most transportable debris.  

The Microtherm and acrylic powder particulate debris was added to the flume with the 

debris introduction tank and trash pump.  The ‘dirt and dust’ and tin powder were added 

through the observation window using the debris introduction chute.  Next, the first thin 

bed batch was introduced through the debris introduction tank and trash pump.  The 

first thin bed batch corresponded to the fiber amount that may potentially lead to a thin 

bed on the strainer and the retaining basket.  The second batch of fiber was added to 

the test flume 1 hour and 2 minutes after the completion of the first batch once the 

retaining basket measured head loss stabilized.  Table E.5-6 and Table E.5-7 provides 

the debris allocation and flume flowrate for Test No. 4.   The sequence for debris 

introduction and amounts is as follows: 

Fine Particulate Debris 

Batch 1: 100% of Microtherm (1.55 lbm) 

Batch 2: 100% of acrylic powder particulate debris (35.40 lbm). 

Batch 3: 105.5% of dirt & dust (21.10 lbm)  

Batch 4: 100% of tin powder particulate debris (90.00 lbm) 

Fine Fibrous Debris 

Batch 5A: approx. 10% of total fine NUKON fibers (0.5 lbm) 

Batch 5B: approx. 57% of total fine NUKON fibers (2.9 lbm) 

Batch 6: approx. 33% of total fine NUKON fibers (1.7 lbm) 
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Note: Batch 5A was added to the test flume between the retaining basket and 

strainer.  Batch 6 debris introductions consisted of approximately 0.5 lbm 

of fibrous debris per 33 gallon container to prevent fibrous debris 

agglomeration. 

Coating Chip Debris 

Batch 7: 100% of the U.S. EPR Qualified Epoxy Coatings – Chips (12.00 

lbm) 

Note: Based on the results of the debris transport test conducted in December 

2009, it was observed that coating chips attached to the retaining basket 

screen near the surface of the flume.  For conservatism, the qualified 

coatings debris source term was added to the flume in both particulate 

and chips form, essentially doubling that debris source term. 

Chemical Precipitate Debris 

Aluminum oxyhydroxide (AlOOH) and calcium phosphate (Ca3(PO4)2) were introduced 

to the test flume over a 9 hour period.  The first three batches of ALOOH were added to 

the flume in approximately 5.8 gallon amounts.  The first three batched of Ca3(PO4)2 

were added to the flume in approximately 13.4 gallon amounts.  After the first three 

batches of each chemical precipitant were added to the flume, the flume reached its 

prototypical chemical concentration.  After the first three batches, the ALOOH and 

Ca3(PO4)2 were added to in approximately 4.4 and 10.2 gallon amounts, respectively, 

until 100% of the scaled quantity by mass of chemical was introduced into the test 

flume.  The purpose of the chemical batching was to prevent the flume from becoming 

overly concentrated with chemical debris, thus causing the chemical to settle quicker to 

the flume floor.  Refer to Table E.5-7 for the chemical batching volumes.   

 Approximately 40 total batches of each chemical precipitate were added to the test 

flume until 100% of the chemical debris source term was introduced to the flume.  The 

batching process comprised of an ALOOH introduction followed by a Ca3(PO4)2 
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introduction, with a five minute interval in between the two precipitates.  One flume 

turnover (14 minutes) was allotted before the next batch of AlOOH was introduced to 

the test flume.  However, the batching process was expedited after the first 15 total 

batches.  The batch timing changed to 3 minute intervals between chemicals and only 

½ flume turnover (7 minutes) between batches. 

The following observations were made during Test No. 4:   

• Visual observation of the strainer area showed no signs of vortexing around the 

strainer. 

• The fiber bed created by the first batch alone created a greater head loss across 

the basket.  The second fiber batch addition brought the basket to within one foot 

of overflow.   

• The chips rapidly created the overflow condition of the retaining basket.  A large 

quantity of chips overflowed to the strainer area.  The strainer head loss 

remained stable.  

• After the test, flume drain down showed little debris on the strainer screen.   
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Table E.5-6  Debris Allocation and Flume Flow Rate for the Thin Bed 
Test 
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Table E.5-7  Chemical Debris Additions and Flume Flow Rate for the 
Thin Bed Test  

 

E.6 Test Results  

E.6.1 Debris Transport Test 

The Debris Transport Test determines the transportability of reflective metallic insulation 

(RMI), coatings (in the form of paint chips), and miscellaneous debris including other 

miscellaneous debris.  Section E.5.1 lists the debris types used for the Debris Transport 

Test.  The test results conclude the debris was captured and contained within the 

retaining basket.  Table E.6-1 details the Debris Transport Test results. 
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Table E.6-1  Debris Transport Test Results 

Debris Type Debris Transport Response  
leather work glove * floated on the surface of the water 

plastic glove * floated on the surface of the water 
caution tag (6 inch x 3 inch plastic 
material) 

settled on retaining basket floor 

caution label (yellow ribbon 2.5 feet in 
length) 

* floated on the surface of the water 

white cloth (1 foot x 1.5 feet) * floated on the surface of the water 
2 plastic tie wraps (1 foot and 2 feet 

long) 
settled on retaining basket floor 

¾ inch nylon rope (2 feet long) settled on retaining basket floor 
plastic chain link (1.5 feet long) * floated on the surface of the water 

plastic bag (1 foot x 2 feet) * floated on the surface of the water 
ear plugs (1 set connected with an 

elastic string) 
* floated on the surface of the water 

ear plugs (1 set in a plastic bag) * floated on the surface of the water 
¼ inch x ¼ inch RMI settled on retaining basket floor 
½ inch x ½ inch RMI settled on retaining basket floor 
4 inch x 4 inch RMI settled on retaining basket floor 

coating chips (5/8 inches and smaller)  * most floated on the surface 

* These debris items were observed to float on the surface of the water and lay against 

the retaining basket screen due to the direction of the test flume flow.     

E.6.2 Clean Strainer Head Loss Test 

The Clean Strainer Head Loss Test determines the head loss of the clean strainer for 

five different flume flow rates.  For this test, the measured flow rates, head losses, and 

water temperatures were averaged over the test duration once the desired flow rate was 

achieved.  Table E.6-2 summarizes the clean strainer head loss results for the target 

flow rates.  Figure E.6-1 provides a plot of the measured clean strainer head loss versus 

the average total flow rates for the Clean Strainer Head Loss Test.      
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Table E.6-2  Clean Strainer Head Loss Test Results 

Target 
Flow 
(gpm) 

Measured 
Basket 

Flow (gpm) 

Measured 
Mini-Flow 

(gpm) 

Measured 
Total Flow 

(gpm) 
Temperature 

(°F) 

Measured 
Strainer 

Head Loss 
(ft. H2O) 

230.9 204.8 28.9 233.7 116.2 0.246 
269.3 247.6 28.9 276.5 118.1 0.313 
307.8 286.9 28.8 315.7 119.3 0.385 
346.3 326.5 28.8 355.3 120.7 0.464 
384.8 363.4 28.4 391.8 119.9 0.539 

 

Figure E.6-1  Clean Strainer Measured Head Loss vs. the Average 
Total Flow Rates  

y = 2.12E-06x2 + 5.40E-04x + 3.55E-03
R2 = 1.00E+00

0.200

0.225

0.250

0.275

0.300

0.325

0.350

0.375

0.400

0.425

0.450

0.475

0.500

0.525

0.550

220 235 250 265 280 295 310 325 340 355 370 385 400

Averaged Total Flow Rate (gpm)

M
ea

su
re

d 
H

ea
d 

Lo
ss

 (f
t o

f w
at

er
)

 



AREVA NP Inc.  ANP-10293 
Revision 1 

U.S. EPR Design Features to Address GSI-191   
Technical Report Page E-49  
 

 

E.6.3 Design Basis Debris Loaded Strainer Head Loss Test 

The Design Basis Debris Loaded Strainer Head Loss Test determines the debris bed 

head loss for the U.S. EPR design basis accident.  The maximum and average 

measured head losses recorded during the test period are presented in Table E.6-3.  

During this test, the maximum head loss occurred prior to the completion of particulate 

addition and before fiber and chemicals were added to the test apparatus.       

 

Table E.6-3  Maximum and Average Measured Head Loss for the 
Design Basis Debris Loaded Strainer Head Loss Test 

 Hour Total Flow 
(gpm) 

Temp 
(°F) 

Measured 
Basket Head 

Loss  
(ft. of water) 

Strainer  
Head Loss  

(ft. of water) 

Average N/A 316.8 115.9 6.27 0.377 
Maximum 00.13 328.0 118.2 0 0.414 

  

The strainer and retaining basket head loss data recorded during Test No. 2 is graphed 

in Figure E.6-2.  As indicated in Figure E.6-2, the strainer head loss remains constant 

throughout the test.  The retaining basket overflows after the addition of coating chips, 

and then remains constant until the final batch of chemical debris is added to the test 

flume.  Following the final batch of chemical debris, an approximate 1.3 inch measured 

increase in retaining basket head loss occurs over a period of 3.6 hours.  Towards the 

end of the test there was a slight increase in the recorded retaining basket head loss 

caused by evaporation of water in the test apparatus.   Following the test, the flume was 

drained revealing an essentially clean strainer screen.  Figure E.6-3 shows the strainer 

screen following flume drain down.   
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Figure E.6-2  Strainer and Retaining Basket Head loss Data for the Design Basis Debris Loaded 
Strainer Head Loss Test 
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Figure E.6-3  Strainer Screen After Flume Drain Down Following the 
Design Basis Debris Loaded Strainer Head Loss Test 

 
 
 

E.6.4 Fibrous Debris Only Sample Bypass Test  

The Fibrous Debris Only Sample Bypass Test establishes the transport characteristics 

of fibers introduced incrementally up through the maximum design basis fiber load.  This 

test also evaluates how a fibrous debris bed forms on the retaining basket and strainer.  

Debris bypass testing was performed during this type test to provide debris bypass 

results for downstream analysis.   

The Fibrous Debris Only Sample Bypass Test was originally performed as Test No. 3.  

After Test No. 3 was terminated, the debris introduction pump was dismantled and a 

small amount of fibrous debris was found within the pump’s internals.  For this reason, 

Test No. 3 was invalidated and the test was repeated as Test No. 3A.     

Test No. 3A used the same procedures used in Test No. 3.  The head loss data 

measured during the Fiber Debris Only Sample Bypass Test No. 3A is shown in Table 

E.6-4.  The debris loaded head loss shown for Test 3A is not used as a design basis 

clean strainer  
screen  
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head loss since only one debris constituent was introduced for the test and chemical 

effects were not present.  After all of the fibrous debris was introduced to the test flume, 

the debris introduction pump was dismantled to verify remnants of fiber did not remain 

in the pump internals.  A small amount of debris was discovered and re-introduced to 

the test flume through the observation window after the pump was dismantled.   

 

Table E.6-4  Head Loss Data for Fibrous Debris Only Sample Bypass 
Test No. 3A  

Time Procedure Action 

Total 
Flow 
(gpm) 

Temp 
(°F) 

Measured 
Basket Head 

Loss  
(ft. of water) 

Strainer 
Head Loss 

(ft. of water) 

09:02:42 
1st batch of fiber 

added 318 114 0.0 0.375 
09:20:18 1st batch completed 317 113 0.0 0.376 

09:48:21 
2nd batch of fiber 

added 314 115 0.001 0.388 
09:51:39 2nd batch completed 319 115 0.015 0.385 
13:21:56 test termination 312 120 0.091 0.391 

Fiber bypass sampling was conducted during Test 3A.  These samples are analyzed for 

percent bypass and used for downstream effects analysis.  A total of thirteen samples 

were drawn and analyzed.  The results of the analysis quantify the amount of fibrous 

debris that penetrated the strainer during testing.  Table E.6-5 provides a summary of 

the bypass test results.  Results of testing and analysis conclude a total fibrous debris 

bypass percentage of 34.4%.  
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Table E.6-5  Bypass Test Results 

 
 

E.6.5 Debris Loaded Strainer Head Loss Thin Bed Test 

The Debris Loaded Strainer Head Loss Thin Bed Test determines if a higher head loss 

is possible with a thin bed of fibers, particulate, and chemical debris present, rather than 

with the design basis quantity of debris.  For the Debris Loaded Strainer Head Loss 

Thin Bed Test, a plot of the strainer and retaining basket head loss is presented in 

Figure E.6-4.  Based on results of testing, there was no formation of a thin bed on the 

strainer.  Upon draining the flume after test termination, the strainer screen appeared 

nearly free of debris.  Figure E.6-5 shows the strainer screen following the flume drain 

down.      
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Figure E.6-4  Strainer and Retaining Basket Head Loss Data for the Thin Bed Test 
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Figure E.6-5  Strainer Screen After the Flume Drain Down Following 
the Thin Bed Test  

 
 

E.7 Conclusions  

A total of five type tests were performed to evaluate and confirm the ECCS strainer 

performance.  The following conclusions are provided. 

E.7.1 Debris Transport Test 

The results of the Debris Transport Test are provided in Section E.6.1.  The test results 

demonstrate that the test debris was entirely captured and contained within the retaining 

basket.  Therefore, it is concluded that there are no adverse effects to the ECCS 

strainer operation.   

E.7.2 Clean Strainer Head Loss Test 

The Clean Strainer Head Loss Test results are presented in Table E.6-2.  A plot of the 

measured clean strainer head loss versus the measured testing target flow rates 

clean strainer 
screen  
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presented in Figure E.6-1.  The test results demonstrate that  the clean strainer has  

minimal head loss.  The strainer head loss associated with the scaled design basis test 

flow of 307.8 gpm is approximately 0.385 feet.  During this test, the strainer showed no 

visual observations of vortexing.    

E.7.3 Design Basis Debris Loaded Strainer Head Loss Test  

The Design Basis Debris Loaded Srainer Head Loss Test results are presented in Table 

E.6-3 and Figure E.6-2.  Based on Table E.6-3, the maximum strainer head loss was 

0.414 feet of water as compared to the clean strainer head loss of 0.385 feet.  During 

testing, the retaining basket was challenged with the design basis debris source term 

and effectively prevented the fibrous debris from reaching the strainer.  Following the 

test, the flume was slowly drained of water to reveal an essentially clean strainer.  The 

design basis test debris load had a negligible impact on the ECCS strainer head loss.   

E.7.4 Fibrous Debris Only Sample Bypass Test 

The Fibrous Debris Only Sample Bypass Test was performed as Test No. 3A.   The 

maximum measured retaining basket and strainer head losses for Test No. 3A are 

presented in Table E.6-4.  The test results demonstrated that the strainer head loss was 

negligible.  Bypass samples were taken during Test 3A to analyze the percent bypass 

fraction for downstream effects analysis.  Table E.6-5 details the bypass test results.  
Results of testing and analysis yield a total fibrous debris bypass percentage of 34.4%.  

E.7.5 Debris Loaded Strainer Head Loss Thin Bed Test 

The results of the Debris Loaded Strainer Head Loss Thin Bed Test are similar to the 

test results of the Design Basis Debris Loaded Strainer Head Loss Test.  A plot of the 

strainer and retaining basket head loss is presented in Figure E.6-4.  The retaining 

basket successfully protected the strainer from fibrous debris.  With the absence of fiber 

at the strainer, it was not possible for a thin bed to form on the strainer.  Following the 

test, drain down of the flume revealed a strainer screen that was nearly free of debris.       
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In summary, the ECCS strainer performance testing demonstrates the effective and 

reliable performance of the U.S. EPR design for GSI-191.   The retaining basket 

effectively functions to limit and prevent most debris from reaching the ECCS strainer.  

The strainer design, complemented by the design mitigation features of the retaining 

basket, provides significant head loss margin for the ECCS strainer.  Testing 

demonstrates that the strainer head loss is conservatively less than 0.5 feet of water as 

compared to a strainer design head loss of approximately 5.0 feet.    

ECCS strainer testing conservatively challenged the “defense in depth” design of the 

U.S. EPR with the addition of over 100% of the design basis debris source term to one 

of the four sets of retaining basket/strainer combinations in the U.S. EPR design.    

E.8 References 

1. NEI 04-07 Vol. 1 (Methodology), “Pressurized Water Reactor Sump Performance 

Evaluation Methodology,” December 2004. 

2. NEI 04-07 Vol. 2 (Safety Evaluation), “Pressurized Water Reactor Sump 

Performance Evaluation Methodology,” December 2004. 

3. “NRC Staff Review Guidance Regarding Generic Letter 2004-02 Closure in the 

Area of Strainer Head Loss and Vortexing” March 2008.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice




