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E.3.5 Debris Mixing

The debris constituents used in testing were first weighed in a dry state. The test debris
was thoroughly wetted with warm water and mixed with a power mixer prior to
introduction into the test flume. Fibrous debris was soaked in warm water prior to test

apparatus introduction to prevent agglomeration.

E.3.6 Debris Introduction

For the Phase 1 Debris Transport Test, debris was manually introduced into the flume

above the retaining basket.

For Phase 2 testing, the debris was primarily introduced through a debris injection
nozzle above the retaining basket using a trash pump and debris injection hopper (see
Figure E.3-7 and Figure E.3-8). The first step for hopper operation was opening a small
bypass flow from the recirculation piping downstream of the strainer. Opening the
bypass flow limits the addition of water from outside of the test environment and
maintains a conservative dilution level to prevent agglomeration. The debris insertion
trough was filled from below with the bypass flow, which then overflowed into the area
where the debris-laden water was pumped into the test apparatus through the trash
pump. The hopper was filled using approximately 40 gallons of water prior to debris
insertion into the trough. This provided a dilution ratio for fiber entering the retaining
basket of approximately 40 parts water to one part fiber by volume for the typical fiber
batch size of 0.35 pounds to prevent agglomeration (0.35 pounds of fiber is
approximately one gallon). After each debris constituent was added to the test
apparatus, the debris injection hopper was flushed with clean water. After the non-
chemical debris introduction, the trash pump was disassembled to verify debris was not
trapped inside the pump. Any debris that was found in the trash pump after
disassembly was mixed with water and placed in the test apparatus downstream of the

retaining basket.
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Figure E.3-7 Debris Introduction Nozzle
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Phase 1 testing demonstrated that the "dirt and dust” debris damaged the trash pump
seal. The dirt and dust was introduced through the retaining basket observation window
(see Figure E.3-9) in accordance with the test plan.
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Figure E.3-9 Dirt and Dust Introduction
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E.3.7 Downstream Debris Sampling

Three sampling ports are installed in the flume recirculation flow loop downstream of the
pressure taps used to measure strainer head loss. Each port is connected to a valve in
a three-valve array. Two pumps (main sampling pump and a back-up pump) are
calibrated to a desired flow such that the flow velocity in the three ports is representative
of the velocity in the recirculation flow loop. Samples are drawn during debris testing as
required by procedure. Samples are collected at a location downstream of the test
strainer and miniflow line tap and upstream of the main recirculation pump. Therefore,
the debris load collected in the bypass samples is representative of the test fluid that
would bypass the strainer and enter the ECCS. Prior to drawing a sample, the sampling
lines are flushed to remove any residual debris from the previous sample. Water not
collected by the sampling bottles (flush water) was captured in a bucket and

reintroduced into the test flume downstream of the retaining basket.
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E.3.8 Filter Housing Units

The fiber-only bypass tests collected fibrous debris downstream of the strainer using
two filter housing units (see Figure E.3-10). Each filter housing unit contained locations
for six filter bags. The one micron filter bags used during the test were weighed before
and after the bypass test to determine the net mass of fiber bypass. These procedures
were followed to weigh the bags pre- and post-test to verify that the mass increase
resulted from debris content and not moisture. The test plan specified the procedures
for weighing the filter bags. To switch filter housing units during the test, the upstream
valve of the unit with clean filter bags was opened to fill the unit. Next, the downstream
valve of the new unit was opened, allowing recirculated water to freely flow through both
units. Immediately after, the downstream valve of the old unit was closed, followed by
closing the upstream valve of the old unit to secure flow. The water inside of the old

tank was then drained beneath the filter bags and discarded to a waste tank.
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Figure E.3-10 Filter Housing Units

E.3.9 Water Management

The water management system consists of two parts, water removal and water addition.
The test apparatus water volume increased as the wetted debris was added to the test
apparatus. To maintain the prototypical strainer submergence, an overflow weir conduit
was cut into the back wall of the test flume (see Figure E.3-11). The conduit captured
the debris-laden water mix and filtered out the debris with one micron filter bags located
behind the rear wall of the flume (see Figure E.3-12). The debris captured by the filter
bags was flushed periodically to return the captured debris back into the test apparatus

downstream of the retaining basket.
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Figure E.3-11 Aft End of Flume Tank

Figure E.3-12 Overflow Weir Filter bags

As the debris bed clogged the retaining basket, the water level in the basket area
increased above the water level surrounding the strainer. The water volume increase in
the retaining basket decreased the available volume of water surrounding the strainer.

As the volume in the strainer area decreased below prototypical level, town water was
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added downstream of the retaining basket through the water addition piping (see
Figure E.3-13). The town water was directed against acrylic plates, trickling the flow
down directly in front of the basket, which does not disturb any potential debris bed that

formed on the strainer.

Figure E.3-13 Water Addition
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E.3.10 Test Strainer

The test strainer is prototypical of the U.S. EPR design. The strainer configuration used
for Phase 1 and Phase 2 testing is the same. Table E.3-1 and Table E.3-2 provide the
strainer scaling summary for Phase 1 and Phase 2 testing, respectively.

The basic geometry of the ECCS strainer is preserved for testing. Figure E.3-14 shows
the strainer drawing with the outline of the modeled portion. Dimensions B and C are
unchanged from the plant configuration. A small 0.75 ft portion on the bottom of the
strainer is comprised of skirt and support feet. This portion is not considered an active
screen area and is not included in the test strainer design. To maintain proper water

submergence above the strainer, the modeled IRWST water level in the test flume is



AREVA NP Inc. ANP-10293NP
Revision 4

U.S. EPR Design Features to Address GSI-191

Technical Report Page E-27

reduced from 10 ft to 9.25 ft. Dimension A is based on conservatively modeling the

sump exit location with respect to the strainer faces.

Figure E.3-14 Modeled Portion of Strainer
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Figure E.3-15 shows the layout of the strainer supports with respect to the strainer
sump cover. To conservatively represent the flow within the strainer, the test facility
represents the strainer face with the minimum clearance from the sump to the face of
the strainer. Dimension A is therefore determined by matching the distance from the
strainer face directly to the leading edge of the sump cover. The sump cover size is

scaled by flow area to the flow rate of the test flume.



AREVA NP Inc. ANP-10293NP
Revision 4

U.S. EPR Design Features to Address GSI-191

Technical Report Page E-28

Figure E.3-15 Strainer Support and Sump Cover (overhead view)
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The test strainer had a surface area of approximately 70.6 ft* when fully submerged.
The sump suction in the strainer contains a vortex suppressor prototypical to plant
design. The pressure downstream of the strainer was measured approximately ten
inches below the vortex suppressor. The filtering surface varied in the series of tests
performed in January and February 2011. Table E.3-3 shows the filter media used on
the strainer’s surface during testing and the approximate specifications of the filter

media.
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Table E.3-3 Strainer Filter Media
Test # Filter Opening Opening | Thickness Pattern Hole
Media Size (in) Shape (in) Spacing
(in)
Test 1 Perforated 0.045 Circle 0.016 Staggered 0.066
Plate
Test 1A Perforated 0.045 Circle 0.016 Staggered 0.066
Plate
Test 1B Wire Mesh 0.06 Square 0.020 N/A N/A
Test1C Wire Mesh 0.06 Square 0.020 N/A N/A
Test 1D Wire Mesh 0.08 Square 0.028 N/A N/A
Test 1E Wire Mesh 0.08 Square 0.028 N/A N/A
Test 2A Wire Mesh 0.06 Square 0.020 N/A N/A
Test 2D Wire Mesh 0.08 Square 0.028 N/A N/A
Test 2E Wire Mesh 0.08 Square 0.028 N/A N/A
Test 2F Wire Mesh 0.08 Square 0.028 N/A N/A
E.3.11 Test Retaining Basket

Two different retaining basket models were used for ECCS strainer performance

testing. Phase 1 testing uses a retaining basket modeled in accordance with the scaling

summary of Table E.3-1. Phase 2 testing uses a retaining basket modeled in

accordance with the scaling summary of Table E.3-2.

Retaining Basket Scaling Methodology - Phase 1 Testing

The U.S. EPR design utilizes four retaining baskets consisting of two single

compartment retaining baskets and two double compartment retaining baskets. A

scaled single compartment basket was used for Phase 1 testing. For the retaining

basket, a reference flow per unit area of wetted screen was determined. The flow per

unit area of screen is determined using the minimum wetted surface area of the single

compartment retention basket. The flow rate scale factor of approximately 9.37% was

applied to the postulated conservative flow scenario of 100% of the break flow entering

a single retaining basket. The flow rate together with the flow per unit wetted screen

area determines the retaining basket modeled screen area. Conservatively, the
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retaining basket is modeled to only be open on the side of the facility that is facing the
strainer. Arranging the test facility in this manner allows debris to travel freely from the
retention basket to the strainer. The test basket frontal area mesh consists of 0.083”
(2.1mm) openings, which is consistent with the U.S. EPR single and double
compartment basket design. Both the retaining basket and the strainer are elevated in
the plant. In the test flume these heights are not considered. This results in a
conservative scenario of debris transport to the active strainer and retaining basket
filtering surfaces. For the retaining basket, a low velocity area under the basket floor is
not represented resulting in less debris settling. For the strainer, lowering the strainer

face to the floor exposes the strainer to more floor transported tumbling debris.

The test facility retaining basket volume scaled by approximately 9.4%, matching the
conservative plant flow per unit volume described above. Dividing the scaled retaining
basket volume by the screened retaining basket area yields the test flume retaining
basket depth.

Retaining Basket Scaling Methodology — Phase 2 Testing
The U.S. EPR utilizes two retaining basket designs in the IRWST. These designs

consist of the single and double compartment retaining basket arrangements. The
scaled large compartment of the double compartment retaining basket was used for
Phase 2 testing. The double compartment retaining basket is separated into a large
and small compartment. The small compartment basket is designed to capture any
debris laden water that may enter the IRWST from the annular area of containment.
The large compartment basket receives flow from the heavy floor opening. The portions
of screened area that are scaled for the test apparatus include the large compartment’s
left, right, front, and bottom surfaces. For conservatism, the area between the large and
small compartment of the double compartment basket is not modeled. The retaining
basket area modeled was reduced by the 100 ft* margin identified by miscellaneous

debris.
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Table E.3-4, Retaining Basket (RB) Scaling Summary and Modeled Parameters
provides the retaining basket scaling summary and modeled parameters for the large
compartment of the double compartment retaining basket. The scaled volume ensures
that the retaining basket receives a prototypical flow per unit volume. The double
compartment retaining basket is positioned on pedestals 0.66 feet above the IRWST
floor. The bottom surface area of the basket is covered with a meshed screen of the
same perforation size as the remainder of the basket. Consistent with the retaining
basket design, the test basket is raised above the test floor with the bottom area
screened and scaled approximately 9.37%. Subtracting the scaled bottom portion of
the retaining basket from the scaled total surface area of the retaining basket provides
the scaled vertical portion of the test basket. Based on the test apparatus maintaining
1:1 vertical scale, the test basket is designed and constructed to reach 16.57 feet above
the test apparatus floor which is consistent with the plant design. The test basket width
is determined by dividing the ‘scaled vertical surface area’ by the ‘RB screened vertical
height’ in the test apparatus (excluding the pedestal height). The test apparatus
retaining basket length (screened basket front face to back wall) is determined by
dividing the ‘scaled RB volume’ by the ‘RB screened height’ and the ‘test apparatus RB
width’.

Table E.3-5 shows the filter media used on the retaining basket surface during testing

and the specifications of the filter media.
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Table E.3-4 Retaining Basket (RB) Scaling Summary and Modeled

Parameters

Description Value? Unit
Scale 9.37 %
Total RB Surface Area 642.00 ft?
Scaled Total RB Surface Area 60.17 ft?
RB Floor Surface Area 120.38 ft?
Scaled RB Floor Surface Area 11.28 ft?
Plant Vertical RB Surface Area 521.62 ft?
Test Apparatus Vertical Surface Area 48.89 ft2
RB Vertical Height 16.57 ft
RB Pedestal Height 0.66 ft
RB Screened Vertical Height 15.91 ft
Test Apparatus RB Width 3.07 ft
Plant RB Volume 2024.00 ft®
Scaled RB Volume 189.71 ft3
Test Apparatus RB Length' 3.88 ft

Note': A retaining basket length of 3.7 feet is used instead of 3.88 feet.

This length creates the correct scaling for the surface area of the

retaining basket bottom.

Note?: Only surface areas and volumes are scaled.
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Table E.3-5 Retaining Basket Filter Media
Tost# | Basket | QPening | Opening | Thickness| payry | Spacing
Filtering Media (in)
Test 1 Perforated Plate 0.045 Circle 0.016 Staggered 0.066
Test 1A Wire Mesh 0.045 Square 0.018 N/A N/A
Test 1B Wire Mesh 0.06 Square 0.020 N/A N/A
Test 1C Wire Mesh 0.06 Square 0.020 N/A N/A
Test 1D Wire Mesh 0.08 Square 0.028 N/A N/A
Test 1E Wire Mesh 0.08 Square 0.028 N/A N/A
Test 2A Wire Mesh 0.06 Square 0.020 N/A N/A
Test 2D Wire Mesh 0.08 Square 0.028 N/A N/A
Test 2E Wire Mesh 0.08 Square 0.028 N/A N/A
Test 2F Wire Mesh 0.08 Square 0.028 N/A N/A

E.3.12 Flume Vertical Flow Water Management

The majority of the water flow downstream of the strainer was re-introduced to the test
flume with a nozzle delivery system. This was accomplished to represent the LOCA
return flow onto the heavy floor and into one of four retaining baskets through the heavy
floor openings. The plant design provides approximately 15.3 feet of water free-fall
before the water reaches the surface of the IRWST pool. The test flume represents an
adjusted 1:1 vertical scale of the U.S. EPR IRWST design. To conserve the vertical
scale in the test facility, the momentum produced by the water free-fall must be
preserved. The test facility ceiling limits the free-fall of water to approximately 8 feet.
Therefore, the velocity of the water exiting the nozzles above the flume pool is

increased to represent the plant’s actual water free-fall conditions.
E.4 Debris Description

Debris types for strainer performance testing consist of non-chemical and chemical
debris. The non-chemical debris types and amounts are based on the Debris
Generation Evaluation for the U.S. EPR (Appendix C). The chemical debris types and
amounts are based on the Chemical Effects Evaluation for the U.S EPR (Appendix D).
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The following sections discuss the debris types used for testing. Specific debris types,
quantities, and surrogate materials used in testing are documented in the debris
allocation tables in Section E.5.

E.4.1 Reflective Metallic Insulation (RMI)

During the Debris Transport Test conducted in December 2009, RMI debris pieces of 2
mil thickness and various sizes from 0.25 inch x 0.25 inch up to 4 inch x 4 inch were
shown to sink and settle on the bottom of the retaining basket. Due to the non-transport
characteristics of RMI under design flow conditions, RMI was not included in
subsequent tests. Removing RMI from subsequent tests also prevents the possibility of
RMI debris trapping fibrous debris in the retaining basket, thus resulting in less
conservative test conditions. Figure E.4-1 depicts typical RMI test debris.

Figure E.4-1 RMI Test Debris
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E.4.2 Particulate Debris

The particulate used in U.S. EPR strainer testing comprised of latent dirt and dust,

microtherm and coatings.

The U.S. EPR coatings debris source term consists of epoxy and inorganic zinc.
Surrogates used during strainer testing were acrylic for the epoxy and tin powder for the
inorganic zinc. The acrylic powder has an average density of approximately 77.4 Ibs/ft’.
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 Ibs/ft> (compared to 457 Ibs/ft> for inorganic zinc). Because
inorganic zinc is considered a hazardous material, tin powder was used as the

surrogate material.

During a debris transport test accomplished in December 2009, a small amount of
coating chips were introduced to the test flume retaining basket. 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 surface sank
to the floor of the retaining basket. These observations determined that the qualified
epoxy coatings could conservatively be tested in fine particulate and chip form. This
conservatively increased the total epoxy coating source term by 34 percent. The
coating chips comprised of acrylic paint chips that were 5/8 inch or less in length and
approximately 4 to 12 mils in thickness (see Figure E.4-2). The coatings were weighed

in a dry state, and then wetted and mixed before insertion into the test apparatus.
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Figure E.4-2 Coating Chips

E4.3 Fiber

Latent fiber is the only source of fiber generated in the U.S. EPR plant during a LOCA
(see Appendix C). The latent fiber surrogate form was heat treated NUKON® that was
shredded into fiber fines. The latent fiber was soaked in warm water and diluted before

test apparatus insertion.
E.4.4 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.4.5 Chemical Debris

The predicted chemical precipitates generated after a postulated LOCA in the U.S. EPR
containment are calcium phosphate (Ca3z(PO4)2), aluminum oxyhydroxide, and sodium

aluminum silicate (NaAlSi;Og). Since NaAlSi;Ogis considered hazardous, aluminum



AREVA NP Inc. ANP-10293NP
Revision 4

U.S. EPR Design Features to Address GSI-191

Technical Report Page E-37

oxyhydroxide (ALOOH) is used as a surrogate. Because the characteristics of
NaAlSi3zOg are similar to AIOOH, ALOOH is used for testing in lieu of NaAlSizOsg.

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.
e leather work glove
e plastic glove
e caution tag (6 inch x 3 inch plastic material)
e caution label (yellow ribbon 2.5 feet in length)
e white cloth (1 foot x 1.5 feet)
e 2 plastic tie wraps (1 foot and 2 feet long)
e % inch nylon rope (2 feet long)
e plastic chain link (1.5 feet long)
e plastic bag (1 foot x 2 feet)
e ear plugs (1 set connected with an elastic string)
e ear plugs (1 setin a plastic bag)
e Yaiinch x Yainch RMI
e ‘inch x %2 inch RMI
e 4inch x 4 inch RMI

e 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
Scaling Factor 9.37% Wt Conversions | Debris Scaled
Debris Type UM Quantity (Ibs / t® or flz) (Ibm) Units Debris Form / (Surrogate)
Fibers (Design Basis)
NUKON (Small Fines)  ft* n/a 24 n/a Ibm  Shredded Fiber (Binder Burnad Out)
Latent Fibers lbm n/a nia n/a Ibm Shredded Fiber
Total Fibrous Debris 0.0

RMI

Total RMI ft* 2098.87

RMI (1/4" x 1/4")  #* 111.24 0.0813 0.85 Ibm
RMI (172" % 1/2") it 444 96 0.0813 3.39 Ibm
RMI (1" & 2") ft* 1017.95 0.0813 7.76 lbm
RMI Larges (4" and 6") (Limited to 25% RMI total)  ft* 524.72 0.0813 4.00 Ibm
Total RMI Debris 15.99
Particulates
Latent Particulate; Dirt & Dust| Ibm n/a na nia Ibm PCI PWR Dirt Mix (85% of Latent Debris)
Microtherm  ft* n/a 15.0 n/a Ibm  Microtherm® Free Flow
Coatings (Ibs)
Qualified Coatings ' 1bm 459.82 94 43.10 Ibm  Acrylic Paint Chips (5/8" and smaller)
Qualified Coatings | 1om n/a 457 nia Ibm 10Z Powder (Tin Powder)
Ungualified Coatings  1bm n/a 94 n'a Ibm  Acrylic Powder or Walnut Shell Powder
Total Particulate Debris 43.10
Chemical Debris Concentrations
Sodium Aluminum Silicate (Unknown) lbm n/a n/‘a n/‘a Iom Chemical Surrogate - AIOOH
Calcium Phosphate (Unknown) lbm n/a n/a n/a Iom Chemical Surrogate - Caz(POy4)z
Aluminum Oxyhydroxide (Unknown) Ilbm n/a n/‘a n/a Ibom Chemical Surrogate - AIOOH
Total Surrogate Debris 0.0 lbom
Miscellaneous Debris
Labels, Stickers, Tape, Placards, Tags ~ ft* 100.00 na note 1 t*  Miscellanecus Debris
Flume Water Level ft 9.25
Scaling Factor % 9.37%
Target Flume Flow gpm 307.81

note 1: scaled miscellaneous debris is provided as a combination of various debris items

E.5.2 Phase 2 Testing — Head Loss Tests

Head loss testing sequentially batched the debris into the test apparatus consistent with
strainer testing guidance (Reference 3). The test loop recirculation pump was started
and the design flow rate established before debris was introduced. The test plan
detailed the timing of debris introduction and the data acquisition computer, and the log

book recorded actual debris introduction times for the tests.
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There was no time delay between the introductions of the various particulate debris
constituents. There was a minimum of two flume turnovers, or 28 minutes, between
fiber batch additions to observe any increase to the strainer or retaining basket
differential pressure. One flume turnover is the time it takes for the debris laden water
to circulate through the test flume one time. After the fiber was introduced, there was a
minimum of five flume turnovers before coating chip introduction. After the coating,
chips and a minimum of five flume turnovers the chemical debris addition began and

continued until the chemical was inserted into the test apparatus.

The fine particulate debris was introduced into the test apparatus based on density, with
the least dense (most transportable) debris inserted first. The order for debris

introduction, along with the measured amounts, was as follows:

Fine Particulate Debris

Batch 1: Microtherm (1.55 Ibm).

Batch 2: Acrylic powder particulate debris (35.60 Ibm).
Batch 3: Dirt and dust (12.20 Ibm).

Batch 4: Tin powder particulate debris (90.40 Ibm).

Fine Fibrous Debris

Batch 5: Fine NUKON® fibers (0.21 lbm).
Batch 6: Fine NUKON® fibers (0.34 Ibm).
Batch 8: Fine NUKON® fibers (0.34 Ibm).
Batch 9: Fine NUKON® fibers (0.34 Ibm).
Batch 10:  Fine NUKON® fibers (0.34 Ibm).

Batch 11: Fine NUKON® fibers (0.34 Ibm).
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Batch 12:

Note:

Fine NUKON® fibers (0.29 Ibm).

Batch 5 was added to the test apparatus directly between the

retaining basket and strainer a directed in the test plan.

Coating Chip Debris

Batch 13:

Acrylic coating chips (12.00 Ibm).

Chemical Precipitate Debris

Batch 14:

Batch 15:

Batch 16:

Batch 17:

Batch 18:

Batch 19:

Aluminum Oxyhydroxide (33 percent of plant concentration).
Calcium Phosphate (33 percent of plant concentration).
Aluminum Oxyhydroxide (33 percent of plant concentration).
Calcium Phosphate (33 percent of plant concentration).
Aluminum Oxyhydroxide (33 percent of plant concentration).

Calcium Phosphate (33 percent of plant concentration).

Batch 20 and after: Chemical addition per the test plan until the chemical is

introduced.

The first three batches of ALOOH were added to the flume in approximately 5.8 gallon

amounts. The first three batches of Ca3(PO4), were added to the flume in

approximately 13.4 gallon amounts. After the first three batches of each chemical

precipitate were added to the flume, the flume reached the chemical concentration that
is expected in the plant following LOCA. After the first three batches, the ALOOH and

Ca3(PO4), were added to the flume in approximately 4.4 and approximately 10.2 gallon

amounts, respectively, until 100 percent of the scaled quantity by mass of chemical was

introduced into the test flume. The chemical batching prevented the flume from

becoming overly concentrated with chemical debris, possibly causing the chemical to

settle more quickly to the flume floor.



AREVA NP Inc. ANP-10293NP

Revision 4
U.S. EPR Design Features to Address GSI-191
Technical Report Page E-41

Chemical addition comprised of approximately 40 total batches of each chemical
precipitate until 100 percent 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), batch introduction, with a five minute interval between the two
precipitates. One flume turnover (14 minutes) was allotted before the next batch of
ALOOH was introduced to the test flume. The chemical was introduced to the test
apparatus between the retaining basket and strainer. After chemical addition was

completed, there was a minimum of 15 flume turnovers before test termination.

The chemical amounts used for testing, based on early calculations, bound the values
identified in Appendix D. Since subsequent calculations yielded lower quantities, the
as-tested amounts were not updated. The amount for ALOOH was combined with the
value for sodium aluminum silicate. This is considered acceptable for testing as

ALOOKH is used as a surrogate for sodium aluminum silicate.
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Table E.5-2 Debris Allocation and Flume Flow Rate for Head Loss

Scaling Factor 9.37%
Debris Type

Fibers (Design Basis)
Latent Fibers

RMI
Total RMI
RMI (1/4" x 1/4")
RMI (1/2" x 1/2")
RMI(1" & 2")
RMI Larges (4" and 6") (Limited to 25% RMI total)

Particulates
Latent Particulate; Dirt & Dust
Microtherm

Coatings (Ibs)
Qualified Coatings
Qualified Coatings
Unqualified Coatings

Chemical Debris Concentrations
Sodium Aluminum Silicate
Calcium Phosphate
Aluminum Oxyhydroxide

Miscellaneous Debris
Labels, Stickers, Tape, Placards, Tags

Flume Water Level

Scaling Factor

Target Flume Flow

Wetted Screened Basket Surface Area
(Excluding Structure)

Un-Wetted Screened Basket Surface Area
(Excluding Structure)

Strainer Surface Area

Thin Bed Size
Required Fiber for 1/16" Bed on Wetted Retaining Basket
Required Fiber for 1/16" Bed on Wetted Retaining Basket
Required Fiber for 1/16" Bed on Wetted Retaining Basket
Required Fiber for 1/16" Bed on Wetted Retaining Basket
Required Fiber for 1/16" Bed on Strainer
Required Fiber for 1/16" Bed on Strainer

um

ARRRR

Ibm
ft3

Ibm
Ibm

kg
kg
kg

Sa==2 & =

ﬂ3
Ibm

Ibm

Tests

Wt Conversions = Debris Scaled
Quantity (Ibs / ft* or %) (Ibm)
22.50 n/a 2.1
Total Fibrous Debris’ 2.1
2119.03
112.31 0.0813 0.86
449.23 0.0813 342
1027.73 0.0813 7.83
529.76 0.0813 4.04
Total RMI Debris 16.15
127.50 n/a 11.95
1.00 15.0 1.41
126.50 94 11.86
958.70 457 89.86
250.00 94 23.43
Total Particulate Debris 138.50
77.0 (2.2 Ibs/kg) 15.91
81.0 (2.2 Ibs/kg) 16.74
0.00 (2.2 Ibs/kg) 0.00
Total Surrogate Debris! 32.65
100.00 n/a n/a
9.25
9.37%
307.81 /323 for later tests
27.50
17.90
70.60
0.005 1/16 th inch fiber bed
0.14
0.34 NUKON Density of 2.4 lbm/ft3
0.09
0.22 NUKON Density of 2.4 lbm/ft3
0.37
0.88 NUKON Density of 2.4 lom/ft3

Units

Ibm

Ibm
Ibm
Ibm
Ibm

Ibm
Ibm

Ibm
Ibm

Ibm

Ibm
Ibm

Ibm
Ibm

ﬁ2

Debris Form/ (Surrogate)

Shredded Fiber (Binder Burned Out)

Size distribution based on NUREG CR/6808
Size distribution based on NUREG CR/6808
Size distribution based on NUREG CR/6808
Size distribution based on NUREG CR/6808

PCI PWR Dirt Mix (85% of Latent Debris)
Microtherm® Free Flow

Acrylic Powder or Walnut Shell Powder
10Z Powder (Tin Powder)

Acrylic Powder or Walnut Shell Powder

Chemical Surrogate - AOOH
Chemical Surrogate - Ca3(PO,),
Chemical Surrogate - AOOH

Miscellaneous Debris
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Table E.5-3 Chemical Debris Additions and Flume Flow Rate for the
Head Loss Tests

Total Total T Flume Tum | 2 Flume Tum
Pump Flow  |Flume Depth Flume Volume | Pipe Volume | Volume | Volume |Flume Flow| One flume| Over FTO Over FTO
Pump Flow Rate During Chem. Batching _Pump Flow (gpm) @/sec) |® Cut@9.25)| (euf) (cut) (gal) (%)  |eycle (sec)|  (min) (min)
307.81 0.686 9.25 519.39 31.60 550.99 (4,121.70| 0.686 | 803.44 14.0 28.0
Or 323.0 for later tests
Qty
Scaled w/ Bump
Chemical Debris Concentrations um Quantity (lbs / ft* or ft’) Quantity Ups um
Chemical Bump Up Added for Soluability % 1.0% 9.37%
>hemical Bump Up to Eliminate Bag Filters % 1.4%
Sodium Aluminum Silicate max lbm 169.75 15.91 16.30 lbm
Aluminum Oxyhydroxide max lbm 0.00 0.00 0.00 Ibm
Calcium Phosphate max lbm 178.60 16.74 1715 lbm
Total Surrogate Debris 32.65 3345 lbm
8
T =3
o g 2
= o 4 t
5 55 & ” =
o % 0 S5 ° )
- 2 £e I~ b
] 235 £2 o H
a | 52 | 5% 5 23
] ® = s £ o = L
s | 22 | 30 2 s §
Plant Calculated Ibm| Scaled Test Ibm Cl i Plant Conc | Flume Conc um g 5 & E b= I.le ﬁ 5
Aluminum Oxyhydroxide 169.75 16.30 ALOOH| 0.000392 | 0.003955 |lbs/gal 1.61 0.5329 | 0.4037 39.40 552
Calcium Phosphate 178.60 17.15 Cal Phos| 0.000412 | 0.004161 |lbs/gal 1.70 0.5607 | 0.4248 39.40 197
Totals 348.35 33.45 Totals| 0.000804 | 0.008116 |lbs/gal 3.31 1.0936 | 0.8285 39.40 749
433,242 4121.7 |gal Batch Sizes
57,916 551.0 |ff 33.00% | 25.00% 12.48
Conversion of "grams / liter" to "lbs / gallon" 1 gram = 0.0022 Ibs
1 liter = 0.26417 gallons
19/l = 0.00835 Ibs / gallon
11 g/l = 0.0918 Ibs / gallon
59/l = 0.04173 Ibs / gallon

Batch Volumes
33% Batches @ 0.53 Ibm
25% Batches @ 0.40 Ibm
33% Batches @ 0.56 lbm
25% Batches @ 0.42 Ibm

5.81 gal of ALOOH mix
4.40  gal of ALOOH mix
13.44 gal of Cal Phosphate mix
10.18 gal of Cal Ph mix

E.5.3 Phase 2 Testing - Fibrous Debris Only Bypass Tests (Incremental
Addition)

Fibrous only bypass testing was performed in January and February 2011 using the
revised debris source term as determined by the debris generation calculation. The
fiber was introduced to the flume in small batches equal to the approximate amount of
fiber that could form a 1/16 inch fiber bed on the wetted retaining basket. The test
measured fiber bypass with 25 percent of the total fiber added to the test flume
assuming that approximately 23 percent of the debris enters one of the four retaining

baskets (approximately 2 percent will be inserted downstream of the retaining basket).
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Fiber bypassing the strainer was captured by multiple filter bags in one of two filter
housing units connected in parallel to the recirculation loop (see Section E.3.8).

Table E.5-4 shows the order for debris introduction and the measured amounts. After
every three batches, the recirculation flow was changed to the clean set of filters. There
was one flume turnover between fiber batch introductions. After every three batches,
the debris injection trash pump was disassembled to recover and re-add any debris
trapped within the pump housing. The flume recirculated for five flume turnovers after

the debris was introduced to verify the bypassed debris was captured in the filter bags.

Table E.5-4 Fibrous Debris Only Test Batching

Flber#Batch Fé?:«: (Bltz;l;:)h Area Inserted
1 0.06 Strainer Area
2 0.35 Retaining Basket
3 0.15 Retaining Basket
Change Filters
0.05 Strainer Area
5 0.35 Retaining Basket
6 0.15 Retaining Basket
Change Filters
7 0.05 Strainer Area
8 0.35 Retaining Basket
9 0.15 Retaining Basket
Change Filters
10 0.05 Strainer Area
11 0.35 Retaining Basket
12 0.14 Retaining Basket
End of Test
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Table E.5-5 Debris Allocation and Flume Flow Rate for the Fibrous
Debris Only Sample Bypass Test

Scaling Factor 9.37% Wt Conversions = Debris Scaled
Debris Type u/m Quantity (lbs / ft* or ftz) (Ibm) Units Debris Form/ (Surrogate)
Fibers (Design Basis)
Latent Fibers| |bm 22.50 n/a 2.1 " Ibm |Shredded Fiber (Binder Burned Out)
Total Fibrous Debris 211

RMI
TotalRMI f® | 2119.03
RMI (1/4" x 1/4") ft? 112.31 0.0813 n/a Ibm | Size distribution based on NUREG CR/680:
RMI (1/2" x 1/2") ft? 449.23 0.0813 n/a Ibm | Size distribution based on NUREG CR/680:
RMI(1"&2") ft? 1027.73 0.0813 n/a Iom |Size distribution based on NUREG CR/680:
RMI Larges (4" and 6") (Limited to 25% RMItotal)  ft? 529.76 0.0813 n/a Iom |Size distribution based on NUREG CR/680!
Total RMI Debris 0.0
Particulates
Latent Particulate; Dirt & Dust| lbm n/a n/a n/a Ibm PCIPWR Dirt Mix (85% of Latent Debris)
Microtherm  ft® n/a 15.0 n/a Iom  Microtherm® Free Flow
Coatings (lbs)
Qualified Coatings| Ibm n/a 94 n/a lom  Acrylic Powder or Walnut Shell Powder
Qualified Coatings| Ibm n/a 457 n/a Iom 10Z Powder (Tin Powder)
Unqualified Coatings ' Ibm n/a 94 n/a Ibm | Acrylic Powder or Walnut Shell Powder
Total Particulate Debris 0.0

Chemical Debris Concentrations

Sodium Aluminum Silicate, Ibm n/a n/a n/a Iom |Chemical Surrogate - AOOH
Calcium Phosphate Ibm n/a n/a n/a lom Chemical Surrogate - Ca3(POy,),
Aluminum Oxyhydroxide Ibm n/a n/a n/a Ibm |Chemical Surrogate - AOOH
Total Surrogate Debris 0.0 Ibm

Miscellaneous Debris

Labels, Stickers, Tape, Placards, Tags| ft* 100.00 n/a n/a f® | Miscellaneous Debris
Flume Water Level ft 9.25
Scaling Factor % 9.37%
Target Flume Flow gpm 307.81 /323 for later tests
Strainer and Basket Surface Area 130.77

ﬂZ
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E.6 Test Results
E.6.1 Phase 1 Tests

This section presents the results of the Phase 1 testing. The Phase 1 tests used a 0.08
inch wire mesh on the strainer and the retaining basket and were performed at a higher

fiber debris source term.
E.6.1.1 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.6-1 summarizes the clean strainer head loss results for the target

flow rates.
Table E.6-1 Clean Strainer Head Loss Test Results
Target Measured Measured Measured Meas_ured
C . Temperature Strainer
Flow Basket Flow Mini-Flow Total Flow o
(gpm) (gpm) (gpm) (gpm) CF) Head Loss
(ft. H,0)
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

E.6.1.2 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. Table E.6-2 shows the maximum

and average measured head losses recorded during the test period. During this test,
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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.6-2 Maximum and Average Measured Head Loss for the
Design Basis Debris Loaded Strainer Head Loss Test

Measured

Basket Head Strainer
Hour Total Flow T?,mp asket miea Head Loss
(gpm) (°F) Loss
(ft of water) (ft of water)
Average N/A 316.8 115.9 6.27 0.377
Maximum | 00.13 328.0 118.2 0 0.414

Figure E.6-1 shows the strainer and retaining basket head loss data recorded during
Test No. 4. As indicated in Figure E.6-1, the strainer head loss remains constant during
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 foot measured increase
in retaining basket head loss occurs over 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.
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Figure E.6-1 Strainer and Retaining Basket Head loss Data for the
Design Basis Debris Loaded Strainer Head Loss Test
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E.6.1.3 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 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. 2.
After Test No. 2 was terminated, the debris introduction pump was dismantled and a
small amount of fibrous debris was found in the pump’s internals. As a result, Test No.

2 was invalidated and the test was repeated as Test No. 2A.

Test No. 2A used the same procedures used in Test No.2. Table E.6-3 shows the head
loss data measured during the Fiber Debris Only Sample Bypass Test No. 2A. The

debris loaded head loss for Test 2A is not used as a design basis head loss because
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only one debris constituent was introduced for the test and chemical effects were not
present. After the fibrous debris was introduced to the test flume, the debris
introduction pump was dismantled to verify that remnants of fiber did not remain in the
pump internals. A small amount of debris was discovered and reintroduced to the test

flume through the observation window after the pump was dismantled.

Table E.6-3 Head Loss Data for Fibrous Debris Only Sample Bypass

Test No. 2A
Measured
Total Basket Head Strainer
Flow | Temp Loss Head Loss
Time Procedure Action (gpm) (°F) (ft. of water) (ft. of water)
1st batch of fiber
09:02:42 added 318 114 0.0 0.375
09:20:18 1st batch completed 317 113 0.0 0.376
2nd batch of fiber
09:48:21 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 2A. These samples are analyzed for
percent bypass and used for downstream effects analysis. 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.6-4 summarizes the bypass test
results. Results of testing and analysis conclude a total fibrous debris bypass
percentage of 34.4 percent. The bypass was determined using a scanning electron

microscope measurement technique.
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Table E.6-4 Bypass Test Results
TEST 3A LENGTH Diameter Flow | Smpl
Sample | Time | Fibers |Long | Med | Short | Long | Med | Short | Thick | Med | Thin | Rate | Size
(min) | (persmpl) | (%) | (%) | (%) | (um) | (pm) | (pm) | (um) | (um) | (um) | (gpm) | (mL)
B N/A 94 8% |52% | 40% | 900 | 300 | 80 10 6 3 |2809| 25
1 0 90 16% | 66% | 18% | 1200 | 350 80 10 7 3 285.4 25
2 4 1501 8% [61% | 31% | 1100 | 300 90 12 7 4 290.4 25
4 14 11150 3% |53% | 44% | 1200 | 250 | 90 11 7 3 [2819] 25
5 19 22360 2% | 54% | 44% | 850 | 250 90 10 6 3 288.3 25
6 24 20707 2% |49% | 49% | 1100 | 250 | 90 10 7 3 |2876| 25
9 39 10747 4% | 48% | 48% | 950 | 300 80 12 7 3 288.1 25
10 44 10467 2% | 47% | 51% | 850 | 250 | 90 10 6 4 |2850| 25
11 49 9300 2% | 46% | 52% | 1100 | 250 80 11 7 3 288.6 25
12 54 8080 2% | 40% | 58% | 850 | 300 80 10 7 3 291.0 25
17 106 137 4% | 52% | 44% | 1300 | 250 | 90 12 7 3 [2909]| 25
22 176 108 3% |[65% | 32% | 950 | 250 80 11 7 3 287.0 25
27 246 163 8% | 59% | 33% | 900 | 250 80 11 7 3 288.5 25

E.6.1.4 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. Figure E.6-2 shows the strainer and retaining

basket head loss for the debris loaded. Based on testing results, there was no

formation of a thin bed on the strainer. When draining the flume after test termination,

the strainer screen appeared nearly free of debris.
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Figure E.6-2 Strainer and Retaining Basket Head Loss Data for the
Thin Bed Test
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E.6.2 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.6-5 details the Debris Transport Test results.
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Table E.6-5 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 settled on retaining basket floor
material)
caution label (yellow ribbon 2.5 feet in * floated on the surface of the water
length)
white cloth (1 foot x 1.5 feet) * floated on the surface of the water
2 plastic tie wraps (1 foot and 2 feet settled on retaining basket floor
long)
%a 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 * floated on the surface of the water
elastic string)
ear plugs (1 set in a plastic bag) * floated on the surface of the water
Yainch x %2 inch RMI settled on retaining basket floor
Y2 inch x %2 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.6.3 Clean Strainer Head Loss Test

Table E.6-6 presents the various clean strainer head losses recorded throughout the
tests. This data represents the average raw data collected prior to debris introduction.
The target flow rate was increased for Tests 1D, 1E, 2E, and 2F because of an input

change to use the pump run out flow for the flow rate.
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Table E.6-6 Clean Strainer Head Loss Test Results
Test # Target Average Time Average Head Strainer Filter
Flow Rate Flow Rate | Recorded Loss (ft of Media
(gpm) (gpm) (min) water)

Test 1 307.8 316.5 8.2 0.33 0.045" Perf

Test 1A 307.8 312.8 6.6 0.41 0.045" Mesh

Test 1B 307.8 313.1 6.1 0.38 0.06" Mesh

Test 1C 307.8 318.1 14.5 0.42 0.06" Mesh

Test 2A 307.8 311.7 5.1 0.32 0.06" Mesh

Test 1D 323.0 325.9 11.5 0.43 0.06" Mesh

Test 1E 323.0 329.9 5.1 0.43 0.08" Mesh

Test 2D 323.0 327.6 5.6 0.42 0.08” Mesh

Test 2E 323.0 327.4 16.0 0.42 0.08" Mesh

Test 2F 323.0 326.2 57 0.42 0.08" Mesh

E.6.4 Test 1: Thin Bed Head Loss Test

Test 1 was performed on January 4, 2011 using 0.045 inches perforated plate on the
filtering surface of both the strainer and retaining basket. Figure E.6-3 shows the raw
data collected throughout the test. The test duration was 4.9 hours. The particulate
debris was added to the test flume, followed by the first batch of fiber (0.21 pounds).
The first batch of fiber was inserted downstream of the retaining basket. The second
batch of fiber (0.34 pounds) immediately followed the first batch and was introduced to
the retaining basket. The strainer differential pressure increased within 15 minutes of
adding the initial fiber. The next batch of fiber was not added until two hours and 30
minutes after the initial batch, when the strainer differential pressure stabilized at 1.6
feet of water. After the next batch of fiber (0.34 pounds), the strainer differential
pressure rose to 6.3 feet of water at a flow rate of 307.1 gpm with 1.3 pounds of fiber
remaining for addition. At this point, the test was terminated because of excessive
differential pressure across the strainer. There was no change to the retaining basket
observed or recorded throughout the test. Drain down of the test flume after termination
revealed that the strainer had a thin bed (approximately 1/16th inch thick) form on the

entire strainer. The retaining basket appeared free of debris.
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Measured Head Loss (ft of water)

.0

Figure E.6-3 Test 1 Raw Data
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E.6.5 Test 1A

Test 1A was performed on January 6, 2011 using 0.045 inches of perforated plate on
the retaining basket and 0.045 inches wire mesh on the strainer. Figure E.6-4 shows
the raw data collected during the test. The test duration was 4.3 hours. The particulate
debris was added to the test flume, followed by the first batch of fiber (0.21 pounds).
The first batch of fiber was inserted downstream of the retaining basket. The second
batch of fiber (0.34 pounds) immediately followed the first batch and was introduced to
the retaining basket. After two flume turnovers and no change to strainer differential
pressure, the third batch of fiber was introduced. The strainer differential pressure
increased within 10 minutes of adding the third batch of fiber (0.89 pounds of total fiber
in flume). The fourth batch of fiber was not added until one hour and 47 minutes after
the third batch, when the strainer differential pressure stabilized at 2.9 feet of water.
After the fourth batch of fiber, the strainer differential pressure rose to 5.8 feet of water
at a flow rate of 311.8 gpm with 1.0 pound of fiber remaining for addition. At this point,
the test was terminated because of excessive differential pressure across the strainer.
There was no change to the retaining basket observed or recorded throughout the test.
Similar to Test 1, drain down revealed a thin debris bed covering the strainer. The

retaining basket appeared free of debris.
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Figure E.6-4 Test 1A Raw Data
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E.6.6 Test 1B

Test 1B was performed on January 13 through 14, 2011 using 0.06 inch wire mesh on
the filtering surface of the strainer and retaining basket. Figure E.6-3 shows the raw
data collected during the test. The test duration was 33.8 hours. The particulate debris
was added to the test flume, followed by the batching of the fibrous debris. There was
no change to strainer or retaining basket differential pressure after the fine particulate
and fiber was added to the test apparatus. The retaining basket began to rise 30
minutes after the coating chips were introduced. The retaining basket continued to rise
over the next four hours to approximately 6.5 feet above the strainer pool area, but it did
not overflow. Prior to chemical addition, there was no measurable increase in the
strainer differential pressure, and the retaining basket measured head loss decreased to
6.0 feet. After several chemical batch additions with no change to retaining basket or
strainer head loss, the chemical batching rate was increased and documented in the
test plan. Floating debris was removed, mixed with water, and re-added throughout the
test to verify there was no debris floating. The maximum recorded strainer differential
pressure during the last 15 flume turnovers was 0.394 feet of water at a flow rate of
321.6 gpm. The test terminated with the retaining basket head loss of 6.1 feet of water.
The strainer and retaining basket headloss had stabilized to a rate of change less than

one percent over the previous 30 minute time interval.
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Figure E.6-5 Test 1B Raw Data

I I I 1 1 I 1 I I [ |
1 l l | | 1 1 1 1 1
1 l l | l 1 1 1 1 1
N WU {{pU R U N U O N U | DU S f—_— .
1 1 [ i I 1 1 1 I i
1 l 1 | I [ 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 | I 1 1 1 1 1
1 l l | l 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
L - -1 1oL LR--1
[ [ [ i I [ | [ I I
1 1 1 1 1 1 1 1 1
m 1 1 1 1 1 1 1 1 1
l l | l 1 1 1 [ 1
_m} 1 1 1 1 1 1 1 1 1
= 1 1 1 1 1 | ! 1 1
M_.I_. JESPUY S N PV SR Sy PP SUPNDS NI SR Y R
1 1 1 1 1 1 1 1 1 1
ME 1 1 1 | 1 1 1 1 1 1
W L A l l l | l 1 1 1 [ 1
[5] = 1 1 1 1 1 1 1 1 1 1
= 1 1 1 | 1 1 1 1 1 1
m.m 1 l l | l 1 1 1 1 1
Q= 1 | | 1 1 1 | 1 1 1
= i r TTTTATT T T T T AT T TT T T TTATTTT T TR T
o 1 1 1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 1 1 1
1 1 1 1 | 1 1 1 1 1 1
1 1 l l | l 1 1 1 [ 1
1 1 1 ] ] 1 1 | 1 1 1
T r B e i il niilh shitils Sty Eebit miatet o fininte o
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 | | 1 1 1 1 1
1 1 l l I l 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 | 1 1 1 1 1 1
[ [ 1 | l | l [ | [ [ 1
mr=--T b Bk Enldedal nbellhs e it Bty ealbd bt shfints St Bttt melinll o aliity o
1 1 1 1 1 1 | 1 1 1 1 1 1
1 1 1 1 1 1 I I 1 1 1 1 1
1 1 1 1 1 1 | 1 1 1 1 1 1
1 [ 1 l l l | l 1 1 1 [ 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 l 1 | 1 1 1 1 1 1
F===t-—fFd--—d-——-F—-—t-——q-— - - - ——pF-——ft—-—f-—— = - - — - - —T
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 | 1 1 1 1 1 1
1 [ 1 1 l l I l [ 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 | 1 1 1 1 1 1
1 1 1 l l | l 1 1 1 1 1
F———t+-———Hdf -—dA-———F—-—t-——Hd—— - A= - ——F ———t———4 - ——A————F - ——-HE - —
1 1 1 1 1 | 1 1 1 1 1 j
1 [ 1 l 1 I I 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 | 1 1 1 1 1 1
1 [ 1 l l | l [ 1 [ [ 1
1 1 1 1 1 1 1 1 1 1 1 1
Fe-—t-——q-- F===t-==q——-A—-——pF-——-f--—t-——q-—-—pF---Hf -
1 1 1 1 1 | l 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 | | 1 1 1 1 1
1 1 1 1 1 l I l 1 1 1 [ 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 | 1 1 1 1 1 1
I H H H H H H H H H H
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 | I 1 1 1 1 1
1 Ll“_ | 1 1 I l 1 1 1 1 1
1 = 1 1 1 1 1 1 1 1 1 1
| Q - | 1 ! 1 ! | | 1 |
[ =Rty ] ] ] ] ] | | ] ]
Fe-——F-|m M A=kt ==+ = ¥ ===t y—y—t—y= r—y—y— —y—y—y— = y—y—r N
1 ] 1 1 1 1 1 1 1
1 MQ I I = ] I T —— L 1
1 -5 1 1 = 1 1 1 1 [ [
| ] | 1 =0 1 1| W L .
1 ..m_..m 1 l =1y I = 1 1 |
1 = 1 1 P 1 E = 1 1 1
L[ R PR S M Femde -5 2 SR B &
i i I =] i o - . s
1 T 1 1 1 1 1 1]
I I I I ge I es|s5E]
1 1 1 1 ,.Wa.r\ 1 AE=N == 1
1 1 1 1 | 1 -~ 1 1 1
1 [ 1 1 | l Slm o [ I
ML it oL [l . i 5
| | | 1 | 1 | I e.m 1 1
1 [ 1 1 1 1 1 1 8L . N |
Lo N A A [ gl [
1 1 1 1 1 1 1 1 1 - R |
1 1 1 1 1 1 1 1 1 lmo I_ﬁ_
1 1 ] 1l 1l il 1l 1 1 1l = 1 ]
T T T T T = T
9 v 9 w 9 w 9 9 9 w o Q2 w o
[ w w [yl o =t =t (o] [a2] (o] [} ..B( - =] (=]
(1=gem Jo YY) s507 pESH painseay hua m
=
£35
&8
=
=

25 5.0 75 10.0 125 150 17.5 200 225 250 275 30.0 325

0.0

Time (Hours)

|=—Retaining Basket === Strainer |

MNote: The spikes in measured head loss occur at the instances where the differential pressure cells were bled



AREVA NP Inc. ANP-10293NP
Revision 4

U.S. EPR Design Features to Address GSI-191

Technical Report Page E-59

E.6.7 Test 1C

Test 1C was performed on January 19 through 20, 2011 using 0.06 inch wire mesh on
the filtering surface of the strainer and retaining basket. Figure E.6-6 shows the raw
data collected during the test. The test duration was 31.2 hours. The particulate debris
was added to the test flume, followed by the batching of the fibrous debris. There was
no change to strainer or retaining basket differential pressure after the fine particulate
and fiber was added to the test apparatus. The retaining basket began to rise 30
minutes after the coating chips were introduced. The retaining basket continued to rise
over the next five hours to approximately 6.3 feet above the strainer pool area, but it did
not overflow. Prior to chemical addition, there was no measurable increase in the
strainer differential pressure, and the retaining basket measured head loss had
decreased to 6.1 feet. After several chemical batch additions with no change to
retaining basket or strainer head loss, the chemical batching rate was increased and
documented in the test plan. Floating debris was removed, mixed with water, and re-
added throughout the test to verify there was no debris floating. The maximum
recorded strainer differential pressure during the last 15 flume turnovers was 0.417 feet
of water at a flow rate of 317.8 gpm. The test terminated with the retaining basket head
loss of 6.2 feet of water. The strainer and retaining basket head loss had stabilized to a

rate of change less than one percent over the previous 30 minute time interval.
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E.6.8 Test 1D

Test 1D was performed on January 26 through 27, 2011 using 0.08 inch wire mesh on
the filtering surface of the strainer and retaining basket. Figure E.6-7 shows the raw
data collected during the test. The test duration was 34.6 hours. The particulate debris
was added to the test flume, followed by the batching of the fibrous debris. There was
no change to strainer or retaining basket differential pressure after the fine particulate
and fiber was added to the test apparatus. The retaining basket began to rise 35
minutes after the coating chips were introduced. The retaining basket continued to rise
over the next four hours to approximately 2.4 feet above the strainer pool area. Prior to
chemical addition, there was no measurable increase in the strainer differential
pressure, and the retaining basket measured head loss had decreased to 2.1 feet. After
several chemical batch additions with no change to retaining basket or strainer head
loss, the chemical batching rate was increased and documented in the test plan.
Floating debris was removed, mixed with water, and re-added throughout the test to
verify there was no debris floating. The maximum recorded strainer differential pressure
during the last 15 flume turnovers was 0.427 feet of water at a flow rate of 325.8 gpm.
The test terminated with the retaining basket head loss of 2.1 feet of water. The strainer
and retaining basket head loss had stabilized to a rate of change less than one percent
over the previous 30 minute time interval. After termination, the test flume was drained
and revealed that approximately 90 percent of the top of the strainer was covered with
debris. The front face of the strainer was free of debris. The retaining basket had a thin
debris bed up to the level where it was clogged. Hundreds of holes penetrated the
retaining baskets debris bed when the water level was completely emptied in the area of

the strainer.
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Figure E.6-7 Test 1D Raw Data
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E.6.9 Test 1E

Test 1E was performed on February 1 through 2, 2011 using 0.08 inch wire mesh on
the filtering surface of the strainer and retaining basket. Figure E.6-8 shows the raw
data collected during the test. The test duration was 32.1 hours. The particulate debris
was added to the test flume, followed by the batching of the fibrous debris. There was
no change to strainer or retaining basket differential pressure after the fine particulate
and fiber was added to the test apparatus. The retaining basket began to rise 33
minutes after the coating chips were introduced. The retaining basket continued to rise
over the next five hours to approximately 2.2 feet above the strainer pool area. Prior to
chemical addition, there was no measurable increase in the strainer differential
pressure, and the retaining basket measured head loss had decreased to 2.1 feet. After
several chemical batch additions with no change to retaining basket or strainer head
loss, the chemical batching rate was increased and documented in the test plan.
Floating debris was removed, mixed with water, and re-added throughout the test to
verify there was no debris floating. The maximum recorded strainer differential pressure
during the last 15 flume turnovers was 0.423 feet of water at a flow rate of 330.2 gpm.
The test terminated with the retaining basket head loss of 2.4 feet of water. The strainer
and retaining basket head loss had stabilized to a rate of change less than one percent
over the previous 30 minute time interval. Drain down revealed the same observations
as Test 1D.
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Figure E.6-8 Test 1E Raw Data

U.S. EPR Design Features to Address GSI-191

AREVA NP Inc.
Technical Report

325

300

275

17.5 200 225

Time (Hours)

150

|[=——Retaining Basket ==Sirainer |

50 7.5 10.0 125

25

0.0

T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 I 1 1
1 1 1 1 1 1 1 1 1 1 ] [ 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 | 1 1
1 1 1 I 1 1 I 1 I I i [ [
IR T P RN SRRy ST PN MNP SRR 1. PPN WP (NN SUPU | P
1 [ 1 1 1 1 1 1 ] ] 1 1 [
1 1 1 1 1 1 1 1 ] 1 ] [ 1
1 1 1 1 1 1 1 1 1 1 1 1 1
R R T R R T H S T T S S
1 1 1 | 1 | 1 1 ‘\l“ 1 1 1 1
1 1 1 1 1 1 1 1 R S ] 1 1
F==-T—-—A-——-~—--F-=—=—7-—--°9--—-I~ “qr-g- T ——-r---Th
1 1 1 1 1 1 1 = 1 1 1 1 1
o HEs RO
1 1 1 1 1 1 1 dﬂ 1 1 1 1 1
1 1 1 1 1 1 = [ 1 1 1
1 1 1 1 1 1 1| =T e [ ] 1 1
S P ('] - RPN U SRR L S —
1 1 1 1 1 1 1 w - 1 1 I 1 1
1 1 1 1 1 1 1 £ w i 1 i [ 1
1 1 1 1 1 1 1 1 1 ] 1 1
1 1 1 1 1 1 1 £ 1 1 1 1 I
1 1 1 | 1 1 1 m.!\ 1 1 1 1 I
1 1 1 1 1 1 3 1 1 I 1 1
| oLl L L S [ | S
1 1 1 1 1 1 1 1 f 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 ] ] ] 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
T T T T T T T T T T T T
1 1 1 l 1 1 1 1 i 1 i [ [

1 1 1 1 1 1 1 1 1 1 1 1 1
F=——-t—-—d-——-m—-—F-——t——-q—-——-——-F———t——-tf-—d4-——-F—- -1 —— 1
1 1 1 1 1 1 1 1 1 1 ] 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 I 1 I I 1 1
1 l 1 l 1 1 1 1 i 1 i [ 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 | 1 1
PSRN IS DD [P DI [FNPUDN PR PN IR (SIS |_||||_.|-L1.||-
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 I 1 I 1 I 1 I 1 1
1 1 1 1 1 1 i 1 i i [ 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 | 1 1 1
1 1 1 1 1 1 1 1 1 ] 1 1
1 1 1 1 1 1 1 1 1 1 1 1
f===-T—-—A-—=—-——--F-=——7—=—-q---——-—-r~—-—-1-—fF1---— a----r---1 T

1 l 1 1 1 1 1 1 i i [ 1

1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 | 1 1

1 1 1 1 1 1 1 1 1 ] 1 1

1 1 1 1 1 1 1 1 1 1 1 |l

1 1 1 1 1 I 1 I | I 1 1
R S A S R P S| T

1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 | 1 1

1 1 1 1 1 1 1 1 1 ] 1 1

1 1 1 1 1 1 1 1 1 1 1

A b = i P

| | | 1 1 | 1 cm | 1 1
L R I I i R I MD - TTTaATTTTrTT T 77

1 1 1 1 1 1 1 i ] 1 1

1 1 1 1 1 1 1 M.b, I 1 1

1 1 1 1 1 1 1 i 1 1

1 1 1 1 1 1 1 =] ] 1 1

1 1 1 1 1 1 1 = o ! 1 !

1 1 1 1 1 1 1 it I 1 1
e il bt e ttd 5 —-———F— -t —— 1

1 1 1 1 1 1 1 =2 1 1

1 1 1 1 1 1 i 1 1

1 1 1 1 1 1 1 m 1 1

o _ i

1 1 1 1 1 1 1 d 1 o !
R ] I N Sy J—

1 [ 1 I 1 i i e _ i 1

1 1 1 1 1 1 1 =0 1 1 1

| | I | I | I E2 8~

| I | | i I ] Q|22 ]

I I I I 1 1 1 grm .mg 1 1

1 1 1 1 1 1 1 ! I 1 1

[ 1 1 1 1 1 1 B3 %0 1
Fr-——-Tr—-—-=—"-~-=-=-=-|1=-—--"~-"r=-—=-r=-——="Q=-"=-==|=-—-=--= alm A = r=== -

o b b I8=||g8 L

I I 1 I 1 1 1 o ml.h.\ |

1 1 1 1 1 1 1 [

1 1 1 1 1 1 1 T

1 1 1 1 1 1 1 1 1 ﬁ

| } } } } } } } } T }
=2 ) Q ol Q £ < o a o = = k] a
hd w [{=] o o =t =t ™ (3] o~ (o'} - (=1 =1

(423eMm JO YY) 507 peSH paJnseay

Particulate Debris
Introduction (hour 0.15)

Note: The spike in measured head loss occur at the instances where the differential pressure cells were bled



AREVA NP Inc. ANP-10293NP
Revision 4

U.S. EPR Design Features to Address GSI-191

Technical Report Page E-65

E.6.10 Test 2A

Test 2A was completed on January 11, 2011 with 0.06 inch mesh on the retaining
basket and strainer. This test used filter bags to capture any debris that bypassed the
retaining basket and strainer. The differential pressure recorded across the retaining
basket and strainer did not change during the test. This was an expected result
because particulate debris was not included to induce a solid debris bed. Floating fiber
was continually swept off the top of the test flume, mixed with water, and reintroduced to
the test flume along the downstream face of the retaining basket. Table E.6-7 shows

the filter bag weights before and after the test.



AREVA NP Inc.

U.S. EPR Design Features to Address GSI-191

Technical Report

ANP-10293NP
Revision 4

Page E-66

Table E.6-7 Test 2A Pre and Post Filter Bag Weights

Filter Bag # Pre Test Post Test Net (g)
Weight (g) | Weight (g)

30 295.51 322.47 26.96
31 285.81 306.17 20.36
32 267.86 295.59 27.73
33 259.04 291.54 32.50
34 261.86 279.85 17.99
35 287.94 308.43 20.49
36 297.80 315.63 17.83
37 294.80 329.89 35.09
38 294 .28 316.58 22.30
39 279.81 314.20 34.39
40 252.18 272.19 20.01
41 251.54 290.64 39.10
42 255.24 280.76 25.52
43 257.41 290.70 33.29
44 253.37 282.14 28.77
45 261.57 296.46 34.89
46 294.99 313.31 18.32
47 288.51 322.15 33.64
48 280.75 301.07 20.32
49 284.67 321.67 37.00
50 274.65 297.40 22.75
51 281.71 315.72 34.01
52 279.43 301.36 21.93
53 284.14 322.18 38.04

Table E.6-8 shows the bypass fraction calculated after 25 percent, 50 percent, 75

percent, and 100 percent of debris was added to the flume. After the fiber addition, the

flume was recirculated for five additional turnovers to verify the filter bags captured the

fiber.
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Table E.6-8 Test 2A Fiber Bypass

Filter Bags | Test Order | Net Bypass | Net Bypass | Total Fiber Bypass
(9) (lbm) in Flume Fraction
(lbm) (%)
30-35 First 146.03 0.3219 0.56 57.5%
36-41 Second 314.75 0.6939 1.11 62.5%
42-47 Third 489.18 1.0785 1.66 65.0%
48-53 Fourth 663.23 1.4622 2.20 66.5%

E.6.11 Test2D

Test 2D was completed on January 24, 2011 with 0.08 inch wire mesh on the retaining
basket and strainer. The Test 2D fiber only bypass test was terminated after the initial
fiber introduction to the retaining basket because of water discoloration. The
discoloration was caused by particulate debris trapped in the debris introduction system.
The test was terminated because the particulate debris would have been captured by

the filter bags, yielding inaccurate bypass results.

E.6.12 Test 2E

Test 2E was completed on January 25, 2011 with 0.08 inch wire mesh on the retaining
basket and strainer. This test used filter bags to capture any debris that bypassed the
retaining basket and strainer. The differential pressure recorded across the retaining
basket and strainer did not change during the test. Floating fiber was continually swept
off the top of the test flume, mixed with water, and reintroduced to the test flume along
the downstream face of the retaining basket. Drain down of the test flume after the test
revealed that approximately 50 percent of the strainer was covered with a thin layer of
fiber. The top two to three inches of retaining basket screen was covered with fiber at
the test water level. Additionally, there was one clump of fiber that was freed from
below a support once the water level dropped to less than eight feet. The clump of fiber

was approximately four inches by 10 inches by one inch.
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Table E.6-9 Test 2E Pre and Post Filter Bag Weights

Filter Bag # Pre Test Post Test Net (g)
Weight (g) | Weight (g)

150 262.95 280.10 17.15
151 251.81 297.53 45.72
152 261.76 279.50 17.74
153 259.07 278.13 19.06
154 264.41 281.88 17.47
155 261.80 302.49 40.69
156 254.49 297.81 43.32
157 264.86 286.86 22.00
158 249.29 288.80 39.51
159 259.98 281.07 21.09
160 256.17 298.14 41.97
161 256.97 275.37 18.40
162 260.54 292.15 31.61
163 251.43 272.31 20.88
164 258.23 294.29 36.06
165 258.42 281.54 23.12
166 262.13 296.62 34.49
167 250.98 263.68 12.70
168 255.30 300.76 45.46
169 261.57 285.29 23.72
170 247.45 292.04 44.59
171 255.87 282.99 2712
172 253.54 278.75 25.21
173 250.17 275.55 25.38
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Table E.6-10 shows the bypass fraction calculated after 25 percent, 50 percent, 75
percent, and 100 percent of debris was added to the flume. After the fiber addition, the
flume was recirculated for five additional turnovers to verify that the filter bags captured
the fiber.

Table E.6-10 Test 2E Fiber Bypass

Filter Bags | Test Order | Net Bypass | Net Bypass | Total Fiber Bypass
(9) (lbm) in Flume Fraction
(lbm) (%)
150-155 First 157.83 0.3480 0.56 62.1%
156-161 Second 344.12 0.7587 1.11 68.3%
162-167 Third 502.98 1.1089 1.66 66.8%
168-173 Fourth 694.46 1.5310 2.20 69.6%

E.6.13 Test 2F

Test 2F was completed on January 31, 2011 with 0.08 inch wire mesh on the retaining
basket and strainer. This test used filter bags to capture any debris that bypassed the
retaining basket and strainer. The differential pressure recorded across the retaining
basket and strainer did not change during the test. Floating fiber was continually swept
off the top of the test flume, mixed with water, and reintroduced to the test flume.

Table E.6-11 shows the filter bag weights before and after the test. Drain down of the
test flume after the test revealed that approximately 50 percent of the strainer was
covered with a thin layer of fiber. The top two to three inches of retaining basket screen
was covered with fiber at the test water level. Additionally, there was one clump of fiber
that was freed from below a support once the water level dropped to less than eight

feet. The clump of fiber was approximately six inches by 4 inches by one inch.
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Table E.6-11 Test 2F Pre and Post Filter Bag Weights

Filter Bag # V\II);%:\-:?;) vl;;s;f‘}l;e(zt) Net (g)
223 24947 267.48 18.01
222 248.47 287.64 39.17
221 256.07 278.51 22.44
220 250.47 286.26 35.79
219 250.73 268.89 18.16
218 254.53 291.22 36.69
217 265.28 280.99 15.71
216 254.55 273.11 18.56
215 256.23 279.55 23.32
214 257 .47 293.11 35.64
213 255.76 289.46 33.70
212 263.39 299.87 36.48
211 259.02 293.85 34.83
210 254.71 273.14 18.43
209 257.49 282.32 24.83
208 256.79 292.74 35.95
207 257.26 279.93 22.67
206 265.81 301.76 35.95
205 252.38 273.17 20.79
204 253.68 294.00 40.32
203 253.89 277.73 23.84
202 254.51 271.07 16.56
201 249.15 287.43 38.28
200 254.84 293.90 39.06

Table E.6-12 shows the bypass fraction calculated after 25 percent, 50 percent, 75

percent, and 100 percent of debris was added to the flume. After the fiber addition, the

flume was recirculated for five additional turnovers to verify that the filter bags captured

the fiber.
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Table E.6-12 Test 2F Fiber Bypass
Filter Bags Test Order Net Bypass Net Bypass Total Fiber Bypass
(9) (lbm) in Flume Fraction (%)
(lbm)
218-223 First 170.26 0.3754 0.56 67.0%
212-217 Second 333.67 0.7356 1.11 66.3%
206-211 Third 506.33 1.1163 1.66 67.2%
200-205 Fourth 685.18 1.5106 2.20 68.7%

E.7 Conclusions
E.7A1 Debris Transport Test

The results of the Debris Transport Test are provided in Section E.6.2. 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 Head Loss Testing

Table E.7-1 summarizes the head loss testing performed in January and February
2011. Test 1 and 1A demonstrated that small hole size openings on the strainer
created excessive head losses across the strainer with only small amounts of fiber
introduced to the test flume. Test 1 and 1A also demonstrate the conservative method
of challenging the strainer with incremental fiber addition. Test 1B, 1C, 1D, and 1E did
not show an increase in strainer differential pressure and only recorded a retaining
basket rise after the addition of paint chips. Though the top of the strainer was
significantly covered with debris during the last four tests, the front face remained
mostly free of debris as observed during drain downs. Tests 1B through 1E were
performed using the entirety of the design basis debris source term. As a result, Test 4
(design basis debris loading strainer head loss test) was not required. Test 1C and 1E

were performed to confirm repeatability.
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Table E.7-1 Head Loss Testing Summary

Test # Retaining Strainer Strainer Basket

Basket Head Loss Rise (ft)
(ft of water)
Test 1 0.045" Perf | 0.045" Perf 6.3 0
Test 1A 0.045" Perf 0.045" 5.8 0
Mesh

Test 1B 0.06" Mesh | 0.06" Mesh 0.394 6.1

Test 1C 0.06" Mesh | 0.06" Mesh 0.417 6.2

Test 1D 0.08" Mesh | 0.08" Mesh 0.427 2.1

Test 1E 0.08" Mesh | 0.08" Mesh 0.423 2.4

E.7.3

Bypass Testing

Table E.7-2 summarizes the bypass testing performed in January and February 2011.

The summary shows that using 0.06 inch wire mesh does not significantly reduce the

amount of bypass compared to the 0.08 inch wire mesh. The bounding bypass fraction
from testing was 69.6 percent bypass. The fiber bypass test with full fiber addition (Test

3) was not required because the basket did not overflow because of thin bed testing.

Table E.7-2 Bypass Testing Summary

Test # Retaining Strainer First 25% Total
Basket Bypass Bypass
Test 2A 0.06" Mesh | 0.06" Mesh 57.5% 66.5%
Test 2E 0.08" Mesh | 0.08" Mesh 62.1% 69.6%
Test 2F 0.08" Mesh | 0.08" Mesh 67.0% 68.7%

Figure E.7-1 shows the repeatability of the bypass test results. It also shows that the

bypass fraction observed increased linearly after each addition. In other words, each

incremental addition had a similar bypass fraction. The difference between the two

mesh sizes was not significant with respect to bypass fraction. The final configuration

selected was 0.08 inch wire mesh on the strainer and retaining basket.
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Figure E.7-1 Bypass Fraction per Fuel Assembly
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E.7.4 Filter Media Results

Ten tests were conducted over a five week period to test the various filter media for the
retaining basket and strainer. Testing concluded that both 0.06 inch wire mesh and
0.08 inch wire mesh on the strainer and retaining basket provide sufficient margin with
regards to strainer differential pressure. Tests 1D, 1E, 2E and 2F comprise the design

basis testing for this configuration
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Appendix F
Downstream Effects Evaluation for the U.S. EPR

F.1 Introduction

Pressurized Water Reactor (PWR) containment buildings are designed to contain
radioactive materials releases and facilitate core cooling in the event of a postulated
loss-of-coolant accident (LOCA). The cooling process requires water discharged from
the break to be collected in the in-containment refueling water storage tank (IRWST) for
recirculation by the emergency core cooling system (ECCS). The IRWST contains
numerous devices (weirs, strainer baskets, and screens) that protect the components of
the ECCS from debris that could be washed into the IRWST. Fibrous debris could form
a mat on either the basket screen or the strainer that would collect particulates, keeping
them from being ingested into the ECCS. However, while the fiber bed is forming, or if
the fiber bed does not completely cover the screens, particulates and some fibrous
material may be ingested into the ECCS and subsequently flow into the reactor coolant
system (RCS).

Concerns have been raised about the potential for debris ingested into the ECCS to
affect long-term core cooling when recirculating coolant from the containment sump
(NRC Generic Letter 2004-02 (Reference 1)). The fuel assembly bottom nozzles are
designed with flow passages that provide coolant flow from the reactor vessel lower
plenum into the region of the fuel rods. During operation of the ECCS to recirculate
coolant from the IRWST, debris in the recirculating fluid that passes through the sump
screen may collect on the bottom surface of the fuel assembly bottom nozzle, causing a
flow resistance through this path. The collection of sufficient debris on the fuel
assembly bottom nozzle is postulated to impede flow into the fuel assemblies and core.
Other concerns have been raised with respect to the collection of debris and post-
accident chemical products within the core itself. Specifically, the debris has been

postulated to form blockages at intermediate spacer grids, thereby reducing the ability
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of the coolant to remove decay heat from the core. Similarly, chemical precipitants
have been postulated to plate-out on fuel cladding, again resulting in a reduction of the

ability of the coolant to remove decay heat from the core.

AREVA NP undertook a program to provide analyses and data on the effect of debris
and chemical products on core cooling for the U.S. EPR plant when the ECCS is
actuated. The objective of the program was to demonstrate reasonable assurance that
sufficient long term core cooling (LTCC) is achieved for U.S. EPR plant to satisfy the
requirements of 10 CFR 50.46(b)(5) with debris and chemical products that might be
transported to the reactor vessel and core by the coolant recirculating from the IRWST.
The debris composition includes particulate and fiber debris, as well as post-accident
chemical products. This evaluation considered the design of the U.S. EPR plant, the
design of the open-lattice fuel, the design and tested performance of the strainer
baskets and sump screens, the tested performance of materials inside containment,
and the tested performance of fuel assemblies in the presence of debris. Specific areas

addressed in this evaluation include:
e Collection of debris on fuel assembly bottom nozzle or intermediate spacer grids,

e Production and deposition of chemical precipitants and debris on the fuel rod

cladding.

The collection of debris in the fuel assembly bottom nozzle or at the spacer grids may
be addressed by fuel assembly testing. The purpose of this testing, described in
Section F.3, is to determine the mass of debris that can be deposited at the core
entrance or at spacer grids that will not impede long-term core cooling flows to the core.
These acceptance criteria will be used in part to demonstrate adequate flow for long-

term decay heat removal.

An evaluation of the deposition of chemical precipitates and debris on the fuel rods was
performed by applying U.S. EPR-specific design parameters to the U.S. EPR LOCA
Deposition Analysis Model (EPRDM). This calculation, described in Section F .4,

provides a conservative evaluation of:
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1. The deposition thicknesses on fuel rod surfaces due to chemical and debris

deposition.

2. The cladding temperatures under the buildup for up to 30 days following a LOCA.

F.2 Background

Immediately after the break opens, the RCS fluid is expelled as a jet to containment.
The energy from this jet impacts structures near the break and generates debris through
destruction of coatings and insulation. The amount of debris generated depends on the
break location and size. The limiting amount of debris is generated by a full-area pipe
break (refer to Section C.6.5). The discussion and transient descriptions in this
document focus on large break LOCAs. Debris generated in smaller breaks is bounded
by that of the large break LOCAs. The debris falls to the heavy floor and, depending on
the size and density, transports to one of four holes in the heavy floor where it passes
over the weirs around the openings, through the trash racks, to the retention baskets
and, possibly, into the IRWST.

Within the first minute following the break, the ECCS actuates. The medium head
safety injection (MHSI) and low head safety injection (LHSI) draw suction from the
bottom of the IRWST. This ECCS flow in combination with the accumulator flow
replaces the RCS liquid lost through the break and arrests any clad heatup. After the
ECCS injection begins, the core level is recovered and the RCS is refilled to the break
location. In the long term for any RCS pipe break, the two-phase mixture level is above
the top of the core. The core decay heat is removed by ECCS injection. The core flow
and vessel level depend on the break location, ECCS injection rate and configuration,

and RCS cold leg liquid levels.

The ECCS in the U.S. EPR design operates in two configurations:

1. Cold leg injection.

2. Simultaneous hot and cold leg injection.
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Depending on the break location, each configuration introduces debris to the core
region at different locations and at different rates. Regarding the effect of debris

ingestion on long-term core cooling, two periods of interest for the U.S. EPR are:

1. From debris arrival up to the time hot leg injection (HLI) is initiated at 60 minutes
(Section F.2.1).

2. From the time of HLI at approximately 60 minutes up to the termination of core

steaming (Section F.2.2).

F.2.1 Cold Leg ECCS Injection Period (from Debris Arrival to 60 Minutes)

In this first period from debris arrival until the switchover to HLI at approximately 60
minutes, the removal of core decay heat occurs as part of long-term core cooling. The

minimum allowable core flow removes the decay heat energy.

During cold leg injection, MHSI and LHSI only inject into the cold legs. For cold leg
pump discharge (CLPD) breaks (Figure F.2-1 and Figure F.2-2), the pumped ECCS
injected into the intact cold legs provides liquid to make up for core boil-off. The ECCS
liquid keeps the downcomer full to at least the bottom of the cold leg nozzles; any
excess ECCS flows out of the broken cold leg through the break and back into the
containment sump. The core mixture level is controlled by the manometric balance
between the downcomer liquid level, the core level, and RCS pressure drop needed to
pass the core generated steam to the break location. The situation is similar for cold leg
pump suction (CLPS) breaks, although the downcomer liquid level may be higher

depending on the relationship of the pump spillover elevation to the bottom of the CLPD

piping.

For a break in the hot leg (Figure F.2-3), all the ECCS flow must pass through the core
| to exit the break. The core mixture level will be at least to the bottom of the hot leg

nozzle elevation, and the core flow rate will equal the ECCS flow rate.

In either case, debris that enters the RCS will approach the core from the downcomer

| and RV lower plenum. Further, in order for the debris to be transported through the
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RCS, it must be fairly well mixed in the ECCS fluid and be close to neutrally buoyant.
Therefore, the debris is homogeneously mixed with the ECCS fluid such that the
fraction of debris reaching the core inlet is proportional to the ratio of flow reaching the

core inlet to the total ECCS flow rate.
F.2.2 Hot Leg ECCS Injection Period (after 60 Minutes)

The post-reflood peak containment pressure occurs at approximately 60 minutes into
the transient when the LHSI HLI is initiated to suppress steaming from the core
(Reference 17, Section 9). In accordance with NUREG-0800 (Reference 18, Section
6.2.1.1.A), containment pressure steadily decreases to below half the peak pressure at
24 hours after the accident. The boron precipitation analysis concluded that the
required time to switch to HLI to prevent boron precipitation is later than one hour into
the transient (Reference 19, Section 2.4.7). HLI at 60 minutes prevents boron
precipitation. In this second period, from the time of HLI, the phenomenon of interest is

the circulation of ECCS water within and throughout the core.

Sixty minutes after the break, the operator realigns the operating LHSI trains from
injecting solely into the cold legs to the HLI mode, in which 75 percent of the LHSI water
is injected into the respective hot legs. This realignment mitigates the possible build up
of boric acid in the core, condenses steam in the upper plenum, and circulates ECC
water throughout the core. In this configuration, MHSI and a portion of LHSI continue to
inject into the cold legs. Consequently, ECC water is provided simultaneously to the
cold and hot legs. This mode of operation is also known as HLI. The core flow patterns

for this injection configuration are illustrated in Figure F.2-4.

An assessment of fluid mixing in the reactor during HLI shows the following: with the
initiation of HLI, the cold ECCS water mixes with the steam-water mixture in the RV
upper plenum and in the hot legs and flows down into the core region. If the RV mixture
level is lower than the bottom of the hot leg, the cold water will interact with the steam in
the upper plenum and in the hot leg resulting in substantial steam condensation. If the
mixture level is in the hot leg and the stratified liquid level height is above the centerline

of the hot leg then the ECCS water jet has less chance for steam-water interaction. In
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either case, as the water falls into the upper plenum, it spreads on top of 15 to 20
percent of the fuel assemblies per hot leg injection location and mixes with the re-
circulating hot water and flows downwards. As the water flows down into the core
region through the relatively low power periphery fuel assemblies, it suppresses the
boiling in these fuel bundles as well as provides cross flows into the neighboring
bundles. The downward flowing liquid region continues to grow until the steam

production in all the bundles eventually ceases.

Following a cold leg break, the initiation of HLI at 60 minutes induces a reverse flow in
the downcomer such that ECCS injected to the cold legs flows directly to the break.
The only flow to the core is from the top via HLI. Debris that reaches the RCS will

approach the core from the top.

Following a hot leg break, the HLI from the intact hot leg(s) mixes with steam and flow
into the core as described above. The flow in the broken loop exits the break in the hot
leg before reaching the core. Therefore, the net ECCS flow to the top of the core will be
less than that seen for the cold leg break, where all of the HLI reaches the top of the
core. Atthe same time, the ECCS injected to the cold legs can enter the core in the
usual core flow direction. Debris that reaches the RCS will approach the core from both

the top and bottom.

In both cases, in order for the debris to be transported through the RCS, it must be fairly
well mixed in the ECC fluid and be close to neutrally buoyant. Therefore, the debris is
homogeneously mixed with the ECCS fluid such that the ratio of debris reaching the
core inlet or exit is proportional to the fraction of flow reaching the core inlet or exit to
the total ECCS flow rate.
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Figure F.2-1: Core Flow Patterns Following a Cold Leg Break During
Cold Leg Injection
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Figure F.2-2: Core Flow Patterns Following a Cold Leg Break During
Cold Leg Injection (Another View)
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Figure F.2-3: Core Flow Patterns Following a Hot Leg Break During
Cold Leg Injection
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Figure F.2-4 Core Flow Patterns Following a Cold Leg Break During
Simultaneous Injection
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F.3 Debris Accumulation at Core Inlet or Intermediate Spacer Grids

Fuel assembly (FA) testing addressed the collection of debris in the fuel assembly

bottom nozzle or at the spacer grids. The purpose of this testing is to justify acceptance
criteria for the mass of debris that can be deposited at the core entrance or spacer grids
and not impede long-term core cooling flows to the core. These acceptance criteria will

be used to demonstrate adequate flow for long-term decay heat removal.

F.3.1 Approach

Darcy’s equation (also referred to as the Darcy-Weisbach equation) suggests a flow
squared relationship between the pressure drop and the flow rate for flow through or

around an obstruction in the flow field.

K o’

where AP = differential pressure (psid)

K = form-loss coefficient
A = area upon which the form-loss coefficient is based (ft?)
o = flow rate (Ibm/s)

p = density (Ibm/ft’)
g. = gravitational constant (32.2 Ibm-ft/Ibf-s?).

2
A" 288-p-g, (Equation F-1)
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F.3.2 Calculations

Cold-Leg Safety-Injection Period
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Simultaneous Hot and Cold-Leg Safety-Injection Period

F.3.3 Containment Conditions

The containment conditions determine the pumped safety injection (Sl) flow rate, the SI

temperature, and the pressure for use with fluid properties.
F.3.3.1 High Containment Pressure, SI Temperature

The following calculations provide the containment pressure as a function of time for

both the cold leg injection period and the simultaneous hot and cold leg injection period.

Cold Leg Pump Suction and Discharge Breaks

In a cold leg pump discharge break, the blowdown phase of the large break LOCA
(LBLOCA) is similar in duration to a cold leg pump suction break and produces a similar
containment pressure response (U.S. EPR FSAR, Tier 2, Section 6.2.1.3). However,
the reflood and post-reflood phases of the cold leg pump discharge event are less
limiting than the pump suction break. As such, the containment pressure response for

the cold leg pump suction break is used in the evaluation of a cold leg break (maximum
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pressure as calculated for a suction break). Figure F.3-1 provides the containment

pressure response for the cold leg pump suction break.

Hot Leg Break

A break in the hot leg piping is shown to produce the highest containment pressure
(U.S. EPR FSAR, Tier 2, Section 6.2.1.3). As such, the containment pressure response
for the hot leg break is also used in this evaluation. Figure F.3-1 provides the
containment pressure response for the hot leg break (HLB), which has a peak pressure

of 71 psia.
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Figure F.3-1 Peak Containment Pressure Calculation Comparison
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Figure F.3-2 IRWST and RHR Liquid Temperature Calculation
Comparison
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F.3.3.2 Low Containment Pressure, Sl Suction Temperature

During Cold Leg Injection (from debris arrival up to 60 minutes)
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An estimate of the low containment pressure up to the time of the switchover to
simultaneous hot and cold leg injection at 60 minutes uses the containment pressure

calculation from three extended LBLOCA cases.

The results for the first 200 seconds presented in Figure F.3-4 suggest that the more
conservative calculation ("min. vol. max. temp." and "max. vol. min. temp."), which uses
an updated U.S. EPR ICECON model (ANP-10278P, Rev. 1, Reference 13), lies less
than 15 psi below the three extended cases shown. At the time of switchover to
simultaneous hot and cold-leg safety-injection, the extended cases show containment
pressures of approximately 40 psi. Based on the 15 psi difference described above,
using a containment pressure of 25 psia (40-15) for the entire cold leg injection period

provides a conservative estimate of a minimum containment pressure.

To determine the effect of containment pressure on the downcomer void fraction
assumption (Assumption 12), the results from the extended cases are compared to the
results from the lower containment pressure cases. As shown in Figure F.3-5 and
Figure F.3-6, downcomer void fraction is not sensitive to the range of pressures
examined—approximately 30 psia to 45 psia at 900 seconds. While the two lower
curves ("min. vol. max. temp." and "max. vol. min. temp.") stop at 200 seconds, they are

expected to continue with the same shape as the other curves.
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During Hot Leg Injection (>60 minutes)
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Figure F.3-3 Effect of Sampling Range on ICECON Containment
Pressure Calculation




AREVA NP Inc. ANP-10293NP
Revision 4

U.S. EPR Design Features to Address GSI-191

Technical Report Page F-20

Figure F.3-4 Comparison of ICECON Containment Pressure
Calculations
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Figure F.3-5 Comparison of Downcomer Void Fraction Calculations
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Figure F.3-6 Comparison of Downcomer Void Fraction Calculations—
with Fitted Line

F.3.4 Pumped Safety Injection Flow Rate
F.3.4.1 Effect on Debris Arrival Time

During the cold leg injection period, from debris arrival to 60 minutes, the pumped safety
injection flow rate determines the debris arrival time into the core. Debris arrives at first
opportunity, and all the debris that passes through the sump screens in the period of
interest for each break and ECCS configuration is treated as if it arrives in the RCS at
the first opportunity (Assumption 4). The debris laden fluid flows through the ECCS
piping to the RCS and back through the break to the heavy floor. The time for debris to
reach the RCS is estimated as the time it takes to turn over the liquid in the IRWST one
time. While some amount of mixing might occur in the IRWST, it is assumed that no

mixing occurs and all the fluid in the initial IRWST volume must pass through the
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system before debris arrives. This provides a reasonable estimate of the debris arrival

time to the RCS, because:

1. Debris and fluid must accumulate on the heavy floor to a certain level before

debris is introduced to the retaining baskets.

2. As the debris falls into the retaining baskets, it is only drawn through the basket

screens by the suction of the ECCS pumps.

3. The distance from the retaining baskets to the sump screens is 12 to 20 feet, and

there is little opportunity for mixing in this region.

The pumped safety injection flow is a function of the RCS pressure. From the
perspective of determining an ECCS flow rate, the RCS pressure is approximately equal
to containment pressure during the period of interest: greater than approximately 15
minutes after event initiation. As such, a high containment pressure yields a lower
pumped Sl flow rate relative to a low containment pressure. However, the differences in
time of debris arrival into the core associated with containment pressure differences are
small relative to differences in timing that result from the assumed number of operating

trains of pumped SI.
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Figure F.3-7 Debris Arrival Time Estimate

F.3.4.2 Effect on Amount of Debris Delivered to the Core

Assuming that the debris is homogeneously mixed in the ECCS fluid and that it is near
neutrally buoyant; the fraction of the debris that reaches the core inlet is proportional to
the ratio of ECCS flow that reaches the core inlet (Assumption 2). For example, if 70

percent of ECCS flow reaches the core, then only 70 percent of the debris reaches the

core.

The methodology, in this document accounts for multiple sump turnovers within the
period of interest, such that in the case of CLB/HLI, 100 percent of the total debris

reaches the upper plenum.
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F.3.4.3 Effect on Available Driving Head

A siphon situation exists in the steam generator when the smallest tube in the steam
generator fills-up with water and spills-over. However, it is assumed that the siphon
cannot hold in the relatively large area of the steam generator plenum such that the
siphon breaks at the bottom of the steam generator tubesheet (Assumption 6). That is,
the volumetric flow rate delivered by the pumped Sl is insufficient to maintain the steam
generator tubes water-solid. As such, the siphon breaks at the bottom of the steam

generator tubesheet.

F.3.5 Assumptions

F.3.5.1 Assumptions Applying to All Break and ECCS Configurations

1. The test loop continually recirculates debris, thus providing multiple opportunities
to catch debris on an obstruction and restrict flow. Depending on the break
location and ECCS configuration, this is not likely to occur in the core. For
example, following a hot leg break with cold leg injection, the fluid passes through
the core and returns to containment where it must be re-filtered by the retention

baskets and strainers before it re-enters the RCS.

2. Debris is homogeneously mixed with the ECCS fluid such that the fraction of
debris reaching the core is proportional to the ratio of flow reaching the core to the
total ECCS flow rate. For the debris to be transported through the RCS, it must
be fairly well mixed in the ECCS fluid. Further, the transport of debris is
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dependent on the ECCS injection configuration, break location, and debris
buoyancy. For example, for cold-leg breaks with cold-leg safety injection in the
period of interest for GSI-191, after core recovery, water can bypass directly to the
break, supplying the core with only the water required to make up for boiloff.
Debris that is positive in buoyancy will stay within the flow field at the top of the
downcomer and proceed out the break. Debris that is negative in buoyancy will
sink to the bottom of the vessel and accumulate. For this debris accumulation to
be a concern, there must be enough of it to fill the lower head/lower plenum. Most
of the neutrally buoyant debris will flow to the break because the dominant flow is
toward the break. However, some of it could migrate to the lower plenum. The
behavior of breaks within the pump suction piping is similar to cold leg pump

discharge breaks except that the driving head for ECCS liquid is slightly greater.

For breaks in the hot leg, all of the ECCS flow passes through the downcomer
and the core to the break. The velocities in the downcomer correspond to the
ECCS charging rate. Debris that is negative in buoyancy will tend to sink to the
bottom of the vessel and accumulate. Debris with neutral or slightly positive
buoyancy will be carried with the ECCS flow to the lower head. Debris that is
positive in buoyancy will tend to remain in the upper downcomer but, after
accumulation, will be dragged to the lower plenum/lower head. Similar behavior is
expected in the upper plenum during HLI. This assumption is used to determine

the quantity of debris that reaches the core.