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1.0 INTRODUCTION

This report describes the U.S. EPR™ design with respect to Generic Safety Issue (GSI)
191. GSI-191 is concerned with the potential for post-accident debris blockage that
could interfere with the capability of the recirculation mode of the emergency core
cooling system (ECCS) during long-term reactor core cooling. NRC Regulatory Guide
(RG) 1.82 (Reference 1) describes acceptable methods and guidelines for evaluating
the adequacy of plant design features and ECCS performance, including a framework
for licensees to develop, demonstrate, and implement a comprehensive resolution to
GSI-191. Nuclear Energy Institute (NEI) 04-07 (Reference 3) provides methodology
and guidance for addressing and resolving GSI-191 issues. This report assesses the
U.S. EPR design with respect to RG 1.82, NEI 04-07, and the related generic letter
(GL), 2004-02 (Reference 2).

Specifically, this report:

1. Describes the design features of the U.S. EPR that limit the impact of post-
accident debris accumulation on ECCS sump performance.

2. Describes the U.S. EPR debris source and generation.

3. Describes the chemical effects and head loss testing associated with debris

transport.
4. Presents the supporting bases for the U.S. EPR design relative to GSI-191.
5. Presents an overview of related regulations and guidance.

6. Provides a review of RG 1.82 and GL 2004-02 conformance.

The U.S. EPR sump design is robust with respect to post-accident debris accumulation

and ECCS recirculation sump strainer blockage because of the following features:
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1.

The U.S. EPR will have limited post-accident debris relative to current light water
reactors (LWR). Reactor coolant system (RCS) piping and components will be
insulated with reflective metal insulation (RMI). There will be no fibrous or micro-

porous insulation and no calcium-silicate insulation used on the RCS.

The three-tiered debris retention design of the U.S. EPR ECCS recirculation
system, including the safety injection system (SIS) and the in-containment
refueling water storage tank (IRWST), is an effective solution to post-accident
ECCS pump strainer clogging. The combination of weirs, trash racks, and
retaining baskets are effective in retaining most of the debris, while also
preventing a hold-up of inventory away from the containment sump, per NEI 04-07
guidance. As a result, very little debris will reach the ECCS strainers. The ECCS
strainers have large screen surface areas to accommodate the small amount of

debris that will reach them.

The U.S. EPR design conforms to the applicable RG 1.82 requirements as detailed in
Table A.1 of Appendix A.

The features of the U.S. EPR that mitigate the risk of post-accident debris clogging the

ECCS strainers are:

A general layout of the plant that reduces the zone of influence (ZOl).

The absence of a containment spray system (CSS) for design basis accident

mitigation that would contribute to debris transport.

Judicious selection of insulating materials. The insulated piping within the ZOI
will be RMI. (ZOI = 2D)

Multiple barriers that significantly limit the amount of post-accident debris from
reaching the ECCS strainers without a hold-up, which would prevent water from

reaching the sump due to debris buildup:

- Weirs around the heavy floor openings that promote settling of debris.
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Trash racks above the heavy floor openings to prevent large debris from
being transported to the IRWST.

Retaining baskets below the heavy floor openings that capture the remaining

debris contained in weir overflow.

Large volume and large area IRWST that results in relatively low flow

velocities, which permits settling of the debris.

Large surface area ECCS strainers with small screen mesh sized to minimize
debris bypass that may potentially affect any downstream clogging of fuel or

critical equipment.

The U.S. EPR sump system design has been validated by a comprehensive testing

program which demonstrated:

e Retention capacity and effectiveness of the retaining baskets.

e Strainer retention capacity and large margins relative to the head losses across

the strainers, for a given volume of debris.

In summary, this report concludes that the U.S. EPR reactor design provides an

innovative and comprehensive solution to post-accident debris blockage that addresses
the concerns of GSI-191 and incorporating the guidance of NEI 04-07. The U.S. EPR
design conforms to RG 1.82 as detailed in Table A.1 of Appendix A.
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2.0 U.S. EPR DESIGN FEATURES
21 IRWST

A key feature of the U.S. EPR design important to resolving post-accident debris
blockage is the IRWST. The IRWST is functionally equivalent to the external refueling
water storage tank found in the current fleet of PWRs. The IRWST contains a large
volume of borated water that is monitored for a homogeneous concentration, level, and
temperature. The IRWST serves as a water source, heat sink, and return reservoir for
ECCS. The IRWST is an open pool within a partly immersed building structure. The
walls of the IRWST have an austenitic stainless steel liner covering the immersed
region of the building structure. The liner prevents interaction of the boric acid and
concrete structure and provides water tightness. Locating the IRWST inside
containment and immediately below the RCS loop vaults permits integrating design
features that collectively represent an effective solution for preventing post-accident

debris blockage and ECCS sump clogging.
2.2 Defense-in-Depth Strategy

The U.S. EPR design takes advantage of the in-containment physical arrangement to
develop a tiered “defense-in-depth” strategy against ECCS sump suction clogging
without preventing sufficient inventory from reaching the sump due to post-accident
debris accumulation as shown in Figure 2-1. The return water discharged from a loss of

coolant accident (LOCA) drains to the containment heavy floor and flows to the IRWST.
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Figure 2-1 U.S. EPR ECCS Sump Blockage Mitigation Design
Features
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This tiered “defense-in-depth” strategy includes:

e Alarge area, low flow velocity region in each of the four RCS loop vaults that

promotes debris settling.

o A set of four protective weir/trash rack structures to retain large debris in the RCS

loop vault.

- The weir (curb) is approximately 2 inches high, to facilitate water pooling and

debris settling in the RCS loop vault areas.

- The trash rack is a 4x4 inch heavy-duty screen that fully encompasses the
floor opening and prevents large debris from entering the retaining basket

below.
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e Four retaining baskets in the IRWST. Each retaining basket is located under
each weir/trash rack port to catch and retain any small debris that is carried

through the trash racks by ECCS recirculation flow.

e Large area, low flow velocity region within the IRWST promotes settling of fine

debris that passes through the retaining baskets.

e Four large surface area three-dimensional flat screen sump strainers in the
IRWST, each protecting one of the four ECCS pump suction sumps located in
the floor of the IRWST.

Additional features associated with these barriers that contribute to the overall

effectiveness of the system include:

e Retaining basket area sized to overlap trash rack portal area so that ECCS

recirculation flow falls within the retaining basket.

e An approximately 1.6 ft gap between the top of the retaining basket and the
bottom of the heavy floor permits the double compartment retaining basket to
overflow into the IRWST should the retaining basket be filled with debris. The
single compartment retaining baskets overflow into the annular space as the
basket fills.

¢ Retaining basket screen mesh size is equivalent to the strainer screen mesh
size; both are sized to minimize fine debris that may bypass the strainer and

obstruct downstream clearances in the ECCS flow path.

¢ Inverted side screens on the sump suction strainers to promote gravitational

release of debris beds in low flow or no flow conditions.

e Retaining baskets and ECCS strainers sized so that each set is sufficient to

accommodate the anticipated debris load resulting from the worst-case LOCA.

e RCS insulation materials selected to minimize the quantity of insulation debris
known to be highly deleterious to post-loss of coolant accident (LOCA) ECCS

function.
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23 Details of the U.S. EPR ECCS Sump Blockage Mitigation Design Features

Figure 2-2, Figure 2-3, and Figure 2-4 show the locations of the weir/trash rack
structures, the retaining baskets, and the sump strainers in relation to the RCS and the
IRWST. Figure 2-5 and Figure 2-6, respectively, show the design of the trash rack

structure and the sump strainer structure.

Figure 2-2 Elevation View of ECCS Sump Blockage Mitigation
Features
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Figure 2-3 IRWST Cut-away View
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Figure 2-4 Weir and Trash Rack Locations Above the Heavy Floor
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Figure 2-6 ECCS Sump Strainer Structure (typical of 4)

2.3.1 Weirs and Trash Racks

There are four openings in the RCS loop area “heavy” floor that open to the IRWST
below. Each opening is approximately 50 ft in area and is protected by a weir and
trash rack assembly. The weir is a 2-inch high concrete curb around the perimeter of
the floor opening that permits pooling of LOCA return water and promotes debris
settling in the RCS loop vault area. The trash rack is a box-like mesh structure
approximately 22 inches tall that consists of a 4x4 inch rigid metal grid that envelopes
the floor opening. Each of the floor openings is aligned with the retaining basket located
below. In addition to the protection offered by the trash racks, the 6.6 ft depth of the
floor openings also provides jet impingement protection by limiting the angle of any jet

that could pass through the opening unimpeded.

The weirs and trash racks prevent most of the LOCA-generated debris from passing
through the four heavy floor openings to the IRWST below. LOCA-generated debris

that passes through each trash rack will fall into a retaining basket.
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In conformance with the guidance in NEI 04-07, the debris-settling effect of the weir will
prevent medium- and large-sized debris from completely covering the trash rack.

Therefore, inventory hold-up due to the trash rack is minimized.
2.3.2 Retaining Baskets

A retaining basket is positioned under each of the four heavy floor openings. The
retaining baskets collect and retain debris that pass through the trash racks. The
retaining baskets are constructed of austenitic stainless steel. The mesh size of the
retaining baskets (nominal opening 0.08 x 0.08 inches) is the same size as the down

stream ECCS sump strainer mesh size.

The perimeter of the upper portion of the retaining basket extends approximately 1.5 ft
beyond the perimeter of the heavy floor opening. This extension prevents debris that
passes through the trash racks from bypassing the retaining basket and reaching the
sump strainers. There is a gap of approximately 1.6 ft between the top of each basket
and the heavy floor to provide a flow path for return water in the event the basket
becomes filled with debris. Because the retaining baskets use the IRWST wall to form a
portion of the basket boundary, a tightness device is installed to prevent debris from
bypassing the strainer at these interface locations. Because the tightness device is a
part of the retaining basket, its design requirements, including filtering capability, are the

same as those of the retaining basket.

The volume of each retaining basket can accommodate the debris generated from the
limiting break. Water level in the basket is self-regulating and increases as the lower
portion of the basket becomes filled with debris. Water overflow over the top of the

retaining basket would occur after the debris have been captured.

However, prior to overflowing, the single compartment baskets will flood the annular
space when the level reaches the annular space weir. This limits the potential level rise
in the single compartment baskets. Once the water overflows into the annular space, it

is routed to the other baskets and back into the IRWST via openings in the annular
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space walls. These openings include a gutter (see Section 2.3.4) to route the water into
the IRWST. Because of this arrangement, the single compartment will have a surface
area that is effectively bypassed from filtering. The unbypassed area for the single
compartment basket (=600 ft?) is less than the total filtering surface of the entire large
compartment of the double compartment basket (minimum 721 ftz). However, the other
single compartment basket will communicate with the other retaining baskets (e.g., the
single compartment basket and the two small compartments of the double compartment
basket) via the gutter and annular space in the event that the basket clogs. This will
effectively increase the available filtering area significantly above the filtering area of the

large compartment of the double compartment basket.

Two of the four retaining baskets are split into two compartments: a large one (minimum
volume of approximately 1589 ft> and minimum surface area of approximately 721 ft2)
dedicated to the flow from the heavy floor, a smaller one (minimum volume of
approximately 530 ft® and minimum surface area of approximately 269 ft?) dedicated to
the flow from the annular space. The latter compartment is lower and its height is
designed to minimize water retention in the annular space. The minimum volume of the
two other baskets is approximately 1589 ft® each with a minimum surface area of

721 2.

Per NEI 04-07 guidance, each retaining basket qualifies as a possible area of concern,
potentially having the capacity to restrict flow to the containment sump. However, a
review of the design features explained above (basket sizing and water overflow) shows

these features are sufficient to prevent hold-up of inventory.
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233 IRWST (ECCS) Sump Strainers

The ECCS sump strainers are arranged above each of their respective sumps. The

following aspects are taken into account to size the IRWST strainers:
e Nature of the debris (e.g., fiber, RMI, particulates, paint chips).

e Maximum quantity of debris that can reach one strainer during the recirculation
phase after a large break loss of coolant accident (LBLOCA) when considering

the effectiveness of the retaining basket.
e A conservative head loss across the strainer of approximately 2.18 psi at 104°F.
e The zone of influence of the break.
e ECCS recirculation flow.

e Maximum head loss across the strainer with consideration of ECCS pump NPSH

margin and the mechanical strength of the strainer.

e Ample strainer surface area to prevent excessive strainer head loss.

A conservative approach is used for sizing the ECCS strainer. Based on the above
conservative input and assumptions, the minimal design surface area of approximately
690 ft? is selected for the ECCS strainer. The installed strainers will have about 10%
more surface area (approximately 760 ft?) to provide additional margin. The strainer

sizing has been validated by testing.

The screen filters retain debris to prevent pump/equipment malfunction and clogging of
the smallest restrictions in the core. The screen design reflects a flat grid configuration
with a nominal opening size of 0.08 x 0.08 inches to limit passage of debris through the

strainer.

Strainer testing demonstrated conservatism in the dimensioning of the strainer.

Because most of the debris is trapped in the retaining basket, a limited amount of debris
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will reach the ECCS strainers. The small amount of debris reaching the strainer results

in a very small head loss through the strainer.

A review of the unique design features of the sump strainers, such as the angled
exterior walls, vortex suppressors & mesh size, and in particular, their sizing, and
subsequent testing, demonstrate conformance with NEI 04-07 guidance. The sump
strainers will not significantly restrict the flow of liquid upstream of the containment

sump.
234 Retaining Basket Gutter System

The lower annular space communicates with the IRWST through seven openings via
gutters. These gutters seal off the two areas with a water seal in the IRWST to maintain
a two-zone containment. The gutters are attached to the IRWST wall at the openings
by anchoring bolts to the IRWST wall. The gutters protrude from the wall approximately
12 inches, and then turn 90° down into the IRWST water to a level of -9.2 ft. The
minimum IRWST level during normal operating conditions is -8.5 ft, keeping the annular
space separated from the IRWST (see Figure 2-1). The gutters are stainless steel,

including the anchoring material.

The IRWST wall openings and associated gutters allow each basket to communicate
with the other three baskets through the annular space. In the event that a single
compartment basket begins to clog, it overflows into the annular space at the level of
the IRWST wall opening. This limits the increase in level in the clogged basket and
allows the overflow to be routed to the other three baskets. This overflow is then filtered
by the other three baskets. This effectively increases the filtering area for the clogged

single compartment basket.

The double compartment baskets are designed to have a flow path into the IRWST at
the annular space level via the small compartment. This is designed to alleviate

excessive flooding in the annular space from the single compartment baskets. Due to
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the low fiber source term in the U.S. EPR design, the small compartment of the double

retaining basket is unnecessary.
24 RCS Insulation

The judicious selection of insulating materials for piping and equipment inside
containment is important in limiting post-accident debris. The U.S. EPR design
approach is to extensively use RMI for the RCS piping and major components, including
the reactor vessel, the steam generators, reactor coolant pump casings, and the hot,
cold, and crossover legs. Insulated piping in the zone of influence will be insulated with
RMI. (2Ol =2D)
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3.0 APPLICABLE U.S. EPR DESIGN BASES

The design of the U.S. EPR ECCS recirculation system coupled with the judicious
selection of and control of insulating materials and other debris generating material
effectively addresses strainer clogging. This conclusion is based on U.S. EPR
evaluations and substantiated by physical testing that demonstrates the overall system

effectiveness.

The design is such that for the postulated event, the LOCA transported debris will not
cause a significant loss of NPSH for the ECCS pumps. This is based on the following

assumptions:

1. a conservative LOCA debris estimate developed from the guidance of RG 1.82
Rev. 3 and NEI 04-07.

2. all LOCA related debris is transported to the IRWST and all of this material is

deposited into one retaining basket.

These assumptions form the underlying technical basis for the U.S. EPR strainer

design.

Results of the strainer test program validate the design of the U.S. EPR ECCS

recirculation system.

3.1 Technical Basis for the ECCS Sump Recirculation Design Features

The technical basis for the ECCS sump recirculation design features is provided by the
studies, summarized below. The results of these studies demonstrate the effectiveness

of the sump recirculation design features.
3.11 Debris Transport

Though the U.S. EPR design incorporates multiple LOCA return flow paths and a tiered

defense-in-depth debris retention system, a conservative approach is applied in the
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debris transport evaluation, in that credit is not taken for all design features. For
evaluation purposes all LOCA related debris is assumed to be transported to one heavy
floor opening (with weir and trash rack) and is assumed to all enter one retaining

basket. No credit is taken for debris settling prior to entering the retaining basket. The
debris entering the retaining basket is filtered by the retaining basket screen. Some
debris passes through the retaining basket filter and is transported to one strainer where
it is filtered. The ECCS strainer head loss is based on the accumulation of debris on the

single strainer, as shown by testing.
3.1.2 Debris Source Term

A debris generation evaluation was performed to establish the debris source term for
the U.S. EPR. The details of this evaluation are documented in Appendix C. The
evaluation utilizes the guidance of NRC Regulatory Guidance 1.82 Rev. 3 and
information presented in Nuclear Energy Institute (NEI) 04-07. This assessment
analyzes seven break locations for a postulated LOCA, tabulates the debris generation
totals for each break, and identifies the limiting breaks with respect to the most debris
generated. The debris generation totals for the limiting pipe breaks serve as a basis for

development of the U.S. EPR sump performance program and validation testing.

The debris source term is based on the maximum amount of debris generated by the
limiting breaks. For the U.S. EPR design, seven break locations were evaluated for
potential limiting debris loads. The following limiting break is identified for the U.S EPR:

e RCS hot leg 3 at pressurizer surge line connection
The RCS hot leg 3 at the pressurizer surge line connection produces the most RMI

debris. This debris amount serves as input to the debris source term. Table 3.1-1

summarizes the total debris source term for the U.S. EPR.
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Table 3.1-1 Total Debris Source

Material Amount
RMI (ft?) 2119.03
Microtherm® (ft°) 1.00
Qualified Epoxy Coatings (Iby,) 126.30
Qualified 10Z Coatings (Iby,) 958.70
Unqualified Coatings (Iby) 250.00
Latent Debris (Iby,) 150.00
Miscellaneous (ft?) 100.00

The bases and assumptions for the debris types and amounts are explained in
Appendix C and serve as input to the U.S. EPR Chemical Effects Evaluation and the
U.S. EPR ECCS Strainer Performance Testing as detailed in Appendix D and Appendix

E, respectively.
3.1.3 Chemical Effects

Generic Letter 2004-02 requests the maximum head loss across the ECCS sump
strainers postulated from debris accumulation be evaluated. This evaluation requires
assessment of chemical effects. As part of the evaluation of IRWST strainer clogging
for the U.S. EPR plant, the chemical effects were evaluated to identify specific
compounds and quantities of materials that may precipitate within the containment
sump pool following a LOCA. This evaluation is comprised of the following integrated

studies:
e Chemical Effects Testing

Chemical Effects Testing involves testing of simulated post-break conditions to
identify chemical effects arising from the interaction of debris materials and
buffering agents used to raise the pH of the fluid in the IRWST. The test results
provide the data required to calculate the chemical debris generated as a result
of a design basis LOCA. The calculation of the chemical debris quantities is

performed in the IRWST Sump Chemistry Modeling study.

e |IRWST Sump Chemistry Modeling
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Using the data and results from Chemical Effects Testing, IRWST Sump
Chemistry Modeling calculates and identifies the specific compounds and
quantities of materials that may precipitate within the U.S. EPR reactor

containment sump pool following a LOCA.

Appendix D details the methodology and results of the U.S. EPR Chemical Effects
Evaluation. The results of this evaluation serve as a basis for development and input to
the U.S. EPR ECCS Strainer Performance Testing as detailed in Appendix E.

Based on chemical effects studies and ECCS strainer performance testing, the amount
of chemical precipitate formation will not result in significant impact to strainer head loss

and ECCS operation.

314 ECCS Strainer Performance

ECCS strainer testing was conducted to demonstrate strainer performance following a
postulated loss of coolant accident (LOCA). Testing is based on guidance specified in
NEI 04-07 Volumes 1 and 2 (Reference 3) and the March 2008 testing guidance
(Reference 4). The U.S. EPR Debris Generation Evaluation (Appendix C) and the U.S.
EPR Chemical Effects Evaluation (Appendix D) serve as a basis and input to the

strainer testing.

ECCS strainer testing conservatively challenged the “defense in depth” design of the
U.S. EPR IRWST design by using only one of the four sets of retaining basket/strainer
combinations that exist in the IRWST design. Testing determined the strainer head loss
based on prototypical water flow and debris mix conditions expected in the U.S. EPR
containment following a postulated LOCA. Testing also evaluated strainer response to
thin bed conditions, debris transport response, and provided bypass sampling for

downstream analysis. A total of five tests were performed. These tests include:
e Debris Transport Test

e Clean Strainer Head Loss Test



AREVA NP Inc. ANP-10293NP
Revision 4

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

Technical Report Page 3-5

e Design Basis Debris Loaded Strainer Head Loss Test
e Fibrous Debris Only Sample Bypass Test

e Debris Loaded Strainer Head Loss Thin Bed Test

ECCS strainer performance testing demonstrated the effective and reliable performance
of the U.S. EPR design for GSI-191. The strainer design, complimented by the design
mitigation features of the retaining basket, provides an abundance of head loss margin
for the ECCS strainer. Testing concludes the strainer head loss is conservatively
limited to less than 0.5 feet of water as compared to a strainer design head loss of
approximately 5.0 feet. The observed head loss was zero feet because of debris. In
addition, testing revealed no thin bed formation on the strainer. Fiber-only bypass

testing also yielded acceptable results.

The details of U.S EPR ECCS strainer performance testing are provided in Appendix E.
3.2 Other Considerations

3.2.1 NPSH Assessment

An NPSH assessment of the ECCS system was performed. Results of this
assessment conclude the system will satisfactorily function with the strainer design
head loss of approximately 5 feet. Based on the results of strainer testing, the actual
strainer head loss for the design basis LOCA is less than 0.5 feet with a water
temperature of 120°F. The strainer testing head loss of approximately 1/10th of the

design strainer head loss ensures adequate NPSH margin for the ECCS pumps.

3.2.2 Strainer Vortexing, Submergence, Flashing, and Deaeration Assessment

Vortexing

An evaluation was performed of the potential for IRWST vortexing using the
methodology of ANSI Standard 9.8-1998 (Reference 5), Sections 9.8.6 and 9.8.7. To

minimize free surface vortices for the U.S. EPR inlet sump for the low head safety
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injection (LHSI) and medium head safety injection (MHSI) pumps, the recommendation
in ANSI Standard 9.8-1998 was followed, which recommends a minimum submergence
of ~50 in. The U.S. EPR-designed submergence is ~147 in., so there is no vortexing
potential for the U.S. EPR sump design. The calculated minimum submergence is
based on maximum LHSI/MHSI combined flow and higher-than-expected fluid

temperature, both of which are conservative and provide additional vortexing margin.

Submergence / Flashing

The strainer height is 7.8 feet. The IRWST minimum level for ECCS pump NPSH is
10.0 feet. This results in a strainer submergence of 2.2 feet under LOCA conditions.
The maximum strainer head loss is 0.88 psi at 212°F. This converts to an equivalent
head of 2.1 feet of head loss. The strainer submergence level exceeds the associated
head loss. If the surface pressure is conservatively assumed at the saturation pressure
of the IRWST water temperature, the local static pressure after the strainer will not be

less than the saturation pressure, and flashing will not occur across the strainer surface.

During testing, the maximum observed head loss across the strainer is less than 0.5

feet, which provides additional margin to flashing.

Deaeration

The strainer submergence post LOCA is greater than the observed head loss under
loss of coolant conditions. Since solubility of gas in water is directly proportional to the
fluid pressure, the increase in solubility of air due to the static pressure increase of the
water above the strainer is more than enough to compensate for the decrease in
solubility of air due to the head loss across the strainer. Therefore, deaeration of fluid
will not occur. The design head loss value is a conservative value aimed primarily at
minimizing the calculated NPSH for the ECCS pumps, and does not imply deaeration

even though it may be greater than the strainer submergence.
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3.2.3 IRWST Cleanliness

The IRWST serves as a water source, heat sink, and return reservoir and contains a
large volume of borated water that is monitored for a homogeneous concentration, level,
and temperature. The IRWST is an open pool within a partly immersed building
structure. The walls of the IRWST have an austenitic stainless steel liner covering the
immersed region of the building structure. The liner prevents interaction of the boric

acid and concrete structure and provides water tightness.

During normal operations and refueling, there is the potential for debris to enter the
IRWST and settle on its submerged surfaces. This “latent, resident” debris could
become re-entrained post-accident. To maintain the cleanliness of the IRWST, the
IRWST water inventory and access to the IRWST areas will be controlled and
monitored. The fuel pool purification system (FPPS) is utilized to maintain the purity of
the IRWST water inventory. IRWST programmatic controls for foreign material
exclusion (FME) and tank cleaning will be implemented. A cleanliness control program

will limit debris within containment.

3.24 Strainer Mechanical Integrity

The ECCS strainers are designed to accommodate an approximate 5.0 feet pressure
differential. The maximum pressure drop across the strainers is less than 0.5 feet as
shown by strainer performance testing. The strainers are Seismic Category |, safety-

related components.

3.2.5 Water Holdup

The water holdup mass in the Reactor Building is examined during various phases of
the LBLOCA transient, including time of blowdown, refill/reflood, post-reflood, peak
containment pressure, and half peak containment pressure time. There are different
categories analyzed for water holdup, including condensate on walls and ceilings, water

retained in steam and droplet phase in the containment atmosphere, and water retained
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on floors. Water is also retained in a retaining basket assumed to be clogged and in the
RCS.

Condensation on vertical walls and ceilings is assumed to be at a uniform film thickness
and distribution throughout the Reactor Building. For a LBLOCA, the mass of droplets
in the containment atmosphere is only significant early in the transient during blowdown.
Steam mass inside the containment atmosphere is evenly distributed throughout the
containment free volume and is based on containment vapor partial pressure and

saturation temperature.

The mass of retained water on the heavy floor and lower annular area is based on the
height of each respective weir plus an additional dynamic head height based on the flow
rate onto each floor. The flow on the heavy floor consists of condensation from rooms
above the heavy floor and liquid break flow leaving the RCS. Water on the heavy floor

returns to the IRWST via the four trash racks.

Wall openings are provided in the SGBD room walls at four locations, two in each wall,
to route the surge line break fluid out of the SGBD tank room and onto the heavy floor.
During a LBLOCA, water may flow from the heavy floor into the SGBD and PRT rooms.
In the water retention analysis, the SGBD and PRT rooms (UJA11018 and UJA11019)

are considered to be flooded at the same depth as the heavy floor.

The four openings between the SGBD and PRT rooms and the loop areas are free
openings (0.618 feet? each) (Figure 3-2). The minimum opening height from the floor
for each 0.618 feet® opening is approximately 1.05 feet (Figure 3-3). There are no
devices in the openings, allowing bidirectional flow. A 20 inch (1.67 feet) (Figure 3-1)
high berm around the SGBD system tank prevents flooding into the compartment below.
The two doors leading into the annular regions from room UJA11018 will contain a
flooding berm of at least 20 inches (1.67 feet) high to preclude flooding into the annular
area. Obstructions to drainage of water such as toe-plates will be specifically designed
to allow drainage to the IRWST.
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Debris generation is limited to reflective metallic insulation (RMI) and latent debris.
There is no fibrous insulation in the ZOI in the U.S. EPR containment design. However,

fibrous insulation may be used outside the ZOlI.

The maximum level of flooding on the heavy floor and the floors of the SGBD and PRT

| rooms in the water retention analysis is 0.79 feet, which occurs during blowdown of a
LBLOCA. The flooding level for a pressurizer surge line break was not evaluated
because the LBLOCA is more limiting for water retention. The maximum level of water

| retention (0.79 feet) is lower than the level of berms (1.67 feet), and no water will flood
out to the annular space or to the room below the SGBD tank room. Door operation in
the SGBD tank room is not required to release or contain the water level because the

| flooding level, 0.79 feet, from the LBLOCA is below the 1.67 feet height of the berms at
each door.
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Figure 3-1 20" Berm around SGBD Tank
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Figure 3-2 Openings that Communicate to the Heavy Floor Area
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Figure 3-3 Profile of the 4 openings
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The flow to the lower annular area consists only of condensation flow, although it is
possible for the pressure during blowdown to force water from the IRWST into the lower
annular service area. The exact amount of IRWST water that could be displaced
depends on different, interrelated factors for each break scenario. The water retention
analysis was a worst-case evaluation, assuming that the annular area would instantly fill
to the weir height with IRWST liquid. This worst-case scenario only impacts the early

phases of the transient.

There are no RCS breaks outside the equipment compartment that can affect the
annular area. The only high-energy line breaks that will affect the annular area are a
feedwater line break and a main steam line break, but in those cases, ECCS

recirculation is not required for event mitigation.

In addition to the heavy floor and the lower annular area, water is retained on the floors
of several rooms where condensation will occur but will not return to IRWST. These
rooms contain walls or curbs that completely hold up water, or doors that partially hold

up water.
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The total amount of water holdup is used to calculate the IRWST level for evaluation of
NPSH requirements and for the debris distribution evaluation for GSI-191 requirements.
The maximum amount of water holdup for a LBLOCA occurs at 29 seconds into the
transient. Table 3.2-1 summarizes water holdup in the Reactor Building at 29 seconds.
Table 3.2-1 shows that after accounting for the water held up in containment, the
IRWST has a margin to ECCS pump NPSH of 79,726 pounds.

Table 3.2-1 Maximum Water Holdup

Time (s) 29
Steam Phase (Ibm) 303,391
Droplets (Ibm) 39,208
Wall Condensate (Ibm) 28,855
Ceiling Condensate (Ibm) 26,053
Retention on RB Floors (Ibm) 717,968
Retention in Clogged Basket (Ibm) 68,064
Re-injected into RCS (Ibm) 54,958
Total Mass of Retained Water (Ibm) 1,238,497
Accumulator Injection (Ibm) -94,683
RCS Inventory (Ibm) -671,504
Total IRWST Water Loss (Ibm) 472,310
Allowable IRWST Loss (Ibm) 552,036
Margin (Ilbm) 79,726

3.2.6 Upstream Effects

Section 7.2 of NEI 04-07 provides guidance regarding hold-up of inventory away from
the containment sump, possibly depriving the sump of inventory due to post-accident
debris accumulation. Section 2.3 of this report discusses how the U.S. EPR tiered
“defense-in-depth” strategy conforms to NEI 04-07 guidance. A review of containment
drawings was performed and did not reveal any areas of the plant that could be
identified as areas of concern regarding water hold-up due to the formation of debris
‘mounds”, such as the narrowing of hallways or passages, with the exception of those

identified in Section 3.2.5. Another area to consider for possible hold-up of liquid
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upstream of the containment sump is the refueling canal drain to lower containment,

which was considered in the water holdup evaluation described in Section 3.2.5.
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4.0 REGULATORY OVERVIEW

The purpose of this section is to provide a brief overview of the related regulatory issues

and an evaluation of the U.S. EPR conformance.

4.1 Generic Safety Issue 191

GSI-191, “Assessment of Debris Accumulation on PWR Sump Performance,” was
initiated by the NRC in 1996 in response to a number of plant events and subsequent

follow-on research regarding the adequacy of ECCS sump designs.

The issue of post-accident debris blockage arising from a LOCA or high energy line
break (HELB) for which sump recirculation is required could potentially impact the
plant’s ability to demonstrate compliance with General Design Criterion 38,
“Containment Heat Removal,” and 10 CFR 50.46 (b) (5) as it relates long term post-
LOCA core cooling requirements. The objective of GSI-191 is to prevent post-accident
debris blockage that could impede the operation of the emergency core cooling system
(ECCS) and the containment spray system (CSS) in the recirculation mode at PWRs

during LOCAs or other HELB accidents for which sump recirculation is required.

4.2 Regulatory Guide 1.82 Rev. 3

Regulatory Guide 1.82 Rev. 3, “Water Sources for Long-Term Recirculation Cooling
Following a Loss-Of-Coolant Accident,” provides guidelines for evaluating the adequacy
of the availability of the sump and suppression pool for long-term recirculation cooling
following a LOCA.

The primary safety concerns regarding long-term recirculation cooling following a LOCA

are:

1. LOCA-generated and pre-LOCA debris materials transported to the debris
interceptors (i.e., trash racks, debris screens, suction strainers) resulting in

adverse blockage effects.
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2. Post-LOCA hydraulic effects, particularly air ingestion.

3. The combined effects of items (1) and (2) on long-term recirculation pumping

operability (i.e., NPSH available at the pump inlet).

The above safety concerns extend to the CSS for plants with containment designs
where the CSS draws suction from the recirculation sump. In some cases, the CSS
would draw from the recirculation sump significantly earlier than would the ECCS.

However, the U.S. EPR design basis does not rely on a CSS.

Debris resulting from a LOCA, together with debris that exists before a LOCA, could
block the ECCS debris interceptors and result in degradation or loss of NPSH margin.

Such debris can be divided into the following categories:
1. Debris that is generated by the LOCA and is transported by blowdown forces
(e.g., insulation, paint).

2. Debris that is generated or transported by washdown.

3. Other debris that existed before a LOCA (e.g., corrosion material, sludge in a
BWR suppression pool) and that may become suspended in the containment

sump or suppression pool.

Debris can be further subdivided as follows:

1. Debris that have a high density and could sink but are still subject to fluid

transport if local recirculation flow velocities are high enough.

2. Debris that have an effective specific gravity near 1.0 and tend to remain
suspended or sink slowly and will nonetheless be transported by very low

velocities or local fluid turbulence phenomena.

3. Debris that will float indefinitely by virtue of low density and will be transported to

and possibly through the debris interceptors.
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Debris generation, early debris transport, long-term debris transport, and attendant
blockage of debris interceptors should be evaluated to show that the ability of the ECCS
to provide long-term post-LOCA core cooling is not jeopardized. All potential debris
sources should be evaluated, including but not limited to, the fire barrier material,
insulation materials (e.g., fibrous, ceramic, and metallic), filters, corrosion material, and

paints or coatings.

Regulatory Guide 1.82 provides separate guidance for PWR and BWR plants based on
the design features of currently operating reactors. However, advanced PWR or BWR
designs may employ design features that this regulatory guide only associates with the
opposite reactor design (e.g., an advanced PWR design that employs an IRWST similar
to the suppression pool of a current BWR design, or an advanced BWR design that

employs a large dry containment similar to a current PWR design).

Therefore, for advanced PWR and BWR designs, the guidance provided in both the
PWR and BWR sections of RG 1.82 that is appropriate and consistent with the plant’s

design features should be considered.

4.3 RG 1.82 Conformance Assessment

An assessment of U.S. EPR conformance to RG 1.82 is provided in Appendix A. All 53
PWR-related guidance and five potentially applicable BWR guidance items were

reviewed.

4.4 Generic Letter 2004-02

GL 2004-02 was issued to licensees of operating plants requesting that they

demonstrate that corrective actions taken to address GSI-191 are adequate.

Additionally, GL 2004-02 requested the licensee provide information to assess the
potential impact of debris blockage on emergency recirculation during design basis

events.
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Table B.1 of Appendix B provides U.S. EPR sump recirculation information as

applicable to requested information outlined in GL 2004-02.
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5.0 CONCLUSION

The U.S. EPR sump design has advanced and redundant features with respect to post-
accident debris accumulation and ECCS recirculation sump strainer blockage. The U.S.
EPR’s ECCS recirculation system has multiple levels of debris removal and filtration
that provide an effective system for preventing LOCA-generated debris from degrading
ECCS performance or impeding core cooling. In conformance with NEI 04-07
guidance, an upstream effects evaluation shows there is no threat of the hold-up of
inventory, from the IRWST due to debris accumulation. The conclusion is supported by

the following information presented in this report:

1. The U.S. EPR has a minimal post-accident debris source term relative to current
LWRs. RCS piping and components will be insulated with RMI; there will be no
fibrous or micro-porous insulation within the ZOI, and no calcium-silicate

insulation within containment.

2. The three-tiered debris retention design of the U.S. EPR ECCS recirculation
system prevents post-accident ECCS pump strainer clogging without depriving
the IRWST of inventory due to water hold-up from accumulation of post-accident
debris. The combination of weirs/trash racks and retaining baskets are effective
in retaining most of the debris. As a result, very little debris and sufficient
inventory will reach the ECCS strainers. The ECCS strainers have a large screen
surface area to accommodate the small amount of debris that will reach them.

3. The U.S. EPR design conforms to the applicable RG 1.82 requirements as
detailed in Table A.1 of Appendix A.

4. Test results using a conservative debris source term validate the performance of

the U.S. EPR ECCS recirculation system features to prevent sump/strainer

clogging.
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Appendix A
RG 1.82 Conformance Assessment

A1 Regulatory Guide 1.82

NRC Regulatory Guide (RG) 1.82 describes acceptable methods and guidelines for
evaluating the adequacy of plant design features and ECCS performance. RG 1.82
provides a framework for licensees to develop, demonstrate and implement a

comprehensive response to GSI-191 resolution.

An assessment of U.S. EPR conformance to RG 1.82 has been performed. All 53
PWR-related guidance and five potentially applicable BWR guidance items were

reviewed. The results of this assessment are detailed in Table A.1.
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Table A.1 RG-1.82 Conformance Assessment Matrix

RG 1.82 Rev.3

Water Resources for Long Term Recirculation Cooling following a Loss-of-Coolant Accident

GUIDANCE

CONFORMANCE ASSESSMENT

C.

REGULATORY POSITION

This section states regulatory positions on design criteria,
performance standards, and analysis methods that relate to PWRs
(Regulatory Position 1) and BWRs (Regulatory Position 2). As
stated in the Introduction to this guide, the purpose of the guidance
is to identify information and methods acceptable to the NRC staff
for evaluating analytical techniques and implementing regulations
related to water sources for long-term cooling of both existing and
future reactor systems. The guidance, to a great extent, is generic
and it may go beyond the current design of some operating reactor
systems.

No response necessary — Introductory
Material.

1. PRESSURIZED WATER REACTORS

1.1 Features Needed to Minimize the Potential for Loss of NPSH

1.1.1 ECC Sumps, Debris Interceptors, and Debris Screens

1111 A minimum of two sumps should be provided, each with sufficient The U.S. EPRIRWST has 4 sumps, one

capacity to service one of the redundant trains of the ECCS and
CSS. Distribution of water sources and containment spray between
the sumps should be considered in the calculation of boron
concentration in the sumps for evaluating post-LOCA subcriticality
and shutdown margins. Typically, these calculations are performed
assuming minimum boron concentration and minimum dilution
sources. Similar considerations should also be given in the
calculation of time for Hot Leg Switchover, which is calculated
assuming maximum boron concentration and a minimum of dilution
sources.

for each of the 4 ECCS pumps. The
IRWST is the sole water source
(=500,000 gallons) for these pumps. Sub-
criticality analyses assume minimum
boron concentrations while maximum
boron concentrations are assumed for
hot leg switchover timing.

Furthermore, dilution of the IRWST from
internal sources has been evaluated. The
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risk of dilution is considered negligible
because of the amount of dilutent
(=53,000 gallons) required to achieve a
significant (i.e., 10%) reduction in boron
concentration is unrealistic (i.e., without
going undetected).

1.1.1.2

To the extent practical, the redundant sumps should be physically
separated by structural barriers from each other and from high-
energy piping systems to preclude damage from LOCA, and, if
within the design basis, main steam or main feedwater break
consequences to the components of both sumps (e.g., trash racks,
sump screens, and sump outlets) by whipping pipes or high-velocity
jets of water or steam.

The IRWST is a 270° annular tank
located in the space bounded by the
reactor vessel support structure, the RCS
loop area heavy floor (6.6 ft thick), the
containment basemat, and the
containment annular wall. These
boundaries, in particular, the heavy floor,
provide significant protection for the
ECCS sumps (located on the IRWST
floor); thereby precluding any post-LOCA
induced damage. Hence, the U.S. EPR
design eliminates the need for physically
separated sumps.

1113

The sumps should be located on the lowest floor elevation in the
containment exclusive of the reactor vessel cavity to maximize the
pool depth relative to the sump screens. The sump outlets should
be protected by appropriately oriented (e.g., at least two vertical or
nearly vertical) debris interceptors: (1) a fine inner debris screen
and (2) a coarse outer trash rack to prevent large debris from
reaching the debris screen. A curb should be provided upstream of
the trash racks to prevent high-density debris from being swept
along the floor into the sump. To be effective, the height of the curb
should be appropriate for the pool flow velocities, as the debris can
jump over a curb if the velocities are sufficiently high. Experiments
documented in NUREG/CR-6772 and NUREG/CR-6773 have

U.S. EPRdesign features satisfy this
guidance — weir, trash racks, retaining
basket and ECCS sump strainer. ECCS
sump strainer testing validates design.

Also, the ECCS sumps are located on the
IRWST floor, which is also the top of the
containment basemat. This maximizes
the pool depth relative to the sump
screens and pump suction.
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demonstrated that substantial quantities of settled debris could
transport across the sump pool floor to the sump screen by sliding
or tumbling.

1114 The floor in the vicinity of the ECC sump should slope gradually NOT APPLICABLE:
downward away from the sump to further retard floor debris
transport and reduce the fraction of debris that might reach the The U.S. EPR design does not require

sump screen. that the floor in the vicinity of the ECC
sumps be sloped away from the sump for
the following reasons:

The IRWST, due to its isolated location,
is not subject to heavy debris loading.

The retaining baskets will intercept any
debris entering from the loop area above.

The ECCS sump screens have a
significant amount of surface area and
the effect of floor debris will be minimal.

The physical attachment of the ECC
sump screen to the IRWST floor will also
function as a berm.

All these features coupled with the very
low flow velocities within the IRWST will
significantly reduce the amount of floor

debris that might reach the screen.

1115 All drains from the upper regions of the containment should U.S. EPR design meets this guidance.
terminate in such a manner that direct streams of water, which may | Reactor Building drains that contain
contain entrained debris, will not directly impinge on the debris retained debris terminate in the retaining

interceptors or discharge in close proximity to the sump. The drains | baskets, with the exception of a cavity
and other narrow pathways that connect compartments with drain line from the reactor cavities to the
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potential break locations to the ECC sump should be designed to IRWST. Following a LOCA, the only
ensure that they would not become blocked by the debris; this is to | water that passes through the cavity
ensure that water needed for an adequate NPSH margin could not | drain line to the IRWST is "condensation”
be held up or diverted from the sump. from the containment atmosphere. The
U.S. EPR design does not take credit for
the containment spray system.
Therefore, this drain line does not
function as a return path for containment
spray during a design basis LOCA event.
The upstream opening of the cavity drain
line is remote from the LOCA debris. The
downstream opening of the cavity drain
line does not affect the strainer operation.
The cavity drain line is not considered a
debris supply path to the IRWST water
volume.
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11.1.6 The strength of the trash racks should be adequate to protect the The 6.6 ft thick RCS loop area heavy

debris screens from missiles and other large debris. Trash racks
and sump screens should be capable of withstanding the loads
imposed by expanding jets, missiles, the accumulation of debris,
and pressure differentials caused by post-LOCA blockage under
design-basis flow conditions. When evaluating impact from potential
expanding jets and missiles, credit for any protection to trash racks
and sump screens offered by surrounding structures or credit for
remoteness of trash racks and sump screens from potential high
energy sources should be justified.

floor and the heavy duty trash racks that
cover the floor openings prevent missiles,
large debris, and expanding jets from
impacting the retaining baskets or the
ECC screens. The floor openings are
located on the periphery of the RCS
loops, thereby reducing the trash rack
profile for a majority of break locations.
The trash racks are designed to prevent
major debris from falling through the
opening into the retaining baskets.

The retaining baskets and the ECC sump
screens rely on the 6.6 ft thick heavy
floor, the trash racks and distance for
protection from jet impingement and
missiles. Nevertheless, they are designed
for the maximum expected debris loading
and the corresponding differential
pressure.

1.1.1.7

Where consistent with overall sump design and functionality, the
top of the debris interceptor structures should be a solid cover plate
that is designed to be fully submerged after a LOCA and completion
of the ECC injection. The cover plate is intended to provide
additional protection to debris interceptor structures from LOCA
generated loads. However, the design should also provide means
for venting of any air trapped underneath the cover.

NOT APPLICABLE:

The recommended guidance is not
consistent with the U.S. EPR design. The
U.S. EPRtrash racks perform the debris
intercept function and are located on the
RCS loop area floor openings. The trash
racks are designed to prevent major
debris from falling through the opening
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into the retaining baskets. Therefore, a
cover plate is not required. As such, the
U.S. EPR design does not require
venting.
11.1.8 The debris interceptors should be designed to withstand the inertial | The trash racks, retaining baskets and

and hydrodynamic effects that are due to vibratory motion of a safe
shutdown earthquake (SSE) following a LOCA without loss of
structural integrity.

ECC sump strainers are safety-related
components and are designed to meet
U.S. EPR Seismic Category |.

will avoid the loss of NPSH from debris blockage during the period
that the ECCS is required to operate in order to maintain long-term
cooling or maximize the time before loss of NPSH caused by debris
blockage when used with an active mitigation system (see
Regulatory Position 1.1.4).

1119 Materials for debris interceptors and sump screens should be Materials of construction are consistent
selected to avoid degradation during periods of both inactivity and with those used in other systems
operation and should have a low sensitivity to such adverse effects | containing borated water. Hence, the
as stress-assisted corrosion that may be induced by chemically trash racks, retaining baskets, ECC sump
reactive spray during LOCA conditions. screens are made of austenitic stainless

steel.

The acceptability of the material selection
for post-LOCA service relative to
chemical effects (i.e. sump chemistry) is
part of the U.S. EPR design process and
design requirements.

1.1.1.10 The debris interceptor structures should include access openings to | U.S. EPR design provides access for
facilitate inspection of these structures, any vortex suppressors, IRWST component inspections.
and the sump outlets.

1.1.1.11 A sump screen design (i.e., size and shape) should be chosen that | U.S. EPRECCS sump screens are

designed such that NPSH is not lost even
with maximum debris loading. Their large
surface area provides ample filtration
area and debris build up is self-limiting on
vertical surfaces due to their inverted
trapezoidal shape.
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1.1.1.12 The possibility of debris-clogging flow restrictions downstream of the U.S. EPR design has been evaluated for
sump screen should be assessed to ensure adequate long term strainer downstream effects.
recirculation cooling, containment cooling, and containment pressure Requirements for downstream
control capabilities. The size of the openings in the sump debris screen | components have been identified. In
should be determined ConSidering the flow restrictions of SyStemS addition, fuel assembly testing has been
served by the ECCS sump. The potential for long thin slivers passing performed with prototypical debris
axially throug_h t_he sump screen and then reorle_ntlng and clo_ggmg_ at loadings and the results were acceptable.
any flow restriction downstream should be considered. Consideration
should be given to the buildup of debris at downstream locations such
as the following: containment spray nozzle openings, HPSI throttle
valves, coolant channel openings in the core fuel assemblies, fuel
assembly inlet debris screens, ECCS pump seals, bearings, and
impeller running clearances. If it is determined that a sump screen with
openings small enough to filter out particles of debris that are fine
enough to cause damage to ECCS pump seals or bearings would be
impractical, it is expected that modifications would be made to ECCS
pumps or ECCS pumps would be procured that can operate long term
under the probable conditions.
1.1.1.13 ECC and containment spray pump suction inlets should be U.S. EPRdesign is such that the ECCS
designed to prevent degradation of pump performance through air sumps are submerged sufficiently to
ingestion and other adverse hydraulic effects (e.g., circulatory flow | preclude vortex formation and air
patterns, high intake head losses). ingestion. Additionally, sump screens are
provided with vortex suppressors to
provide an added measure of margin
against vortex formation and air
ingestion.
1.1.1.14 All drains from the upper regions of the containment building, as The U.S. EPR reactor building drains and
well as floor drains, should terminate in such a manner that direct similar lines terminate upstream of the
streams of water, which may contain entrained debris, will not sump screen, thereby precluding bypass
discharge downstream of the sump screen, thereby bypassing the of the ECCS sump strainers.
sump screen.
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demonstrated capabilities that are not provided by simple flat plate
or cone-shaped strainers or screens. For example, these
capabilities include built-in debris traps where debris can collect on
surfaces while keeping a portion of the screen relatively free of
debris. The convoluted structure of such strainer designs increases
the total screen area, and these structures tend to prevent the
condition referred to as the thin bed effect. It may be desirable to
include these capabilities in any new sump strainer/screen designs.
The performance characteristics and effectiveness of such designs
should be supported by appropriate test data for any particular
intended application.
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1.1.1.15 Advanced strainer designs (e.g., stacked disc strainers) have NOT APPLICABLE:

The U.S. EPR design employs a simple
strainer concept validated by testing.

sources of debris that is known to more readily transport to the
sump screen and cause higher head losses may be replaced with
insulations (e.g., reflective metallic insulation) that transport less
readily and cause less severe head losses once deposited onto the
sump screen. If insulation is replaced or otherwise removed during
maintenance, abatement procedures should be established to avoid
generating latent debris in the containment.

11.2 Minimizing Debris - The debris (see Regulatory Position 1.3.2) No response necessary — Introductory
that could accumulate on the sump screen should be minimized. Material

1.1.21 Cleanliness programs should be established to clean the ADDRESSED BY COL APPLICANT:
containment on a regular basis, and plant procedures should be
established for control and removal of foreign materials from the This is a programmatic requirement.
containment. Refer to U.S. EPRFSAR COL

Information Item 6.3-1 (Table 1.8-2).
1.1.2.2 Insulation types (e.g., fibrous and calcium silicate) that can be NOT APPLICABLE:

This item applies to potential insulation
replacement after the plant is licensed
and is operating.

The U.S. EPR design uses RMI for
reactor coolant system piping and
components. A limited amount of fibrous
insulation will be permitted. As described




AREVA NP Inc. ANP-10293NP
Revision 4

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

Technical Report Page A-10

pool water with metals in the containment, exposure of bare metal
surfaces (e.g., scaffolding) to containment cooling water through
spray impingement or immersion should be minimized either by
removal or by chemical-resistant protection (e.g., coatings or
jackets).
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in 1.1.2.1 above, containment cleanliness
is ensured programmatically.
1.1.2.3 To minimize potential debris caused by chemical reaction of the As part of the U.S EPR GSI-191 program,

chemical effects evaluations were
evaluated to address the potential impact
of chemical reaction with the debris
sources.

integrity of the trash racks and screens, access openings are
necessary to permit inspection of the ECC sump structures and
outlets. Inservice inspection of racks, screens, vortex suppressors,
and sump outlets, including visual examination for evidence of
structural degradation or corrosion, should be performed on a

113 Instrumentation - If relying on operator actions to mitigate the NOT APPLICABLE:
consequences of the accumulation of debris on the ECC sump
screens, safety-related instrumentation that provides operators with U.S. EPR design does not require
an indication and audible warning of impending loss of NPSH for operator action to backflush ECC sump
ECCS pumps should be available in the control room. screens; however, a non-safety-related

backflushing system is provided.

11.4 Active Sump Screen System -An active device or system (see NOT APPLICABLE:
examples in Appendix B) may be provided to prevent the
accumulation of debris on a sump screen or to mitigate the The U.S. EPR design does not require
consequences of accumulation of debris on a sump screen. An operator action to backflush ECC sump
active system should be able to prevent debris that may block screens; however, a non-safety-related
restrictions found in the systems served by the ECC pumps from backflus’hing systém is provided.
entering the system. The operation of the active component or
system should not adversely affect the operation of other ECC
components or systems. Performance characteristics of an active
sump screen system should be supported by appropriate test data
that address head loss performance.

1.1.5 Inservice Inspection To ensure the operability and structural U.S. EPR design provides suitable

access to trash racks, retaining baskets
and sump screens. Refer to U.S. EPR
Technical Specifications Surveillance
Requirement 3.5.2.6.
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regular basis at every refueling period downtime. Inspection of the
ECC sump components late in the refueling period will ensure the
absence of construction trash in the ECC sump area.

1.2

Evaluation of Alternative Water Sources - To demonstrate that a
combination of the features and actions listed above are adequate
to ensure long-term cooling and that the five criteria of 10 CFR
50.46(b) will be met following a LOCA, an evaluation using the
guidance and assumptions in Regulatory Position 1.3 should be
conducted. If a licensee is relying on operator actions to prevent the
accumulation of debris on ECC sump screens or to mitigate the
consequences of the accumulation of debris on the ECC sump
screens, an evaluation should be performed to ensure that the
operator has adequate indications, training, time, and system
capabilities to perform the necessary actions. If not covered by
plant specific emergency operating procedures, procedures should
be established to use alternative water sources that will be
activated when unacceptable head loss renders the sump
inoperable. The valves needed to align the ECCS and containment
spray systems (taking suction from the recirculation sumps) with an
alternative water source should be periodically inspected and
maintained.

NOT APPLICABLE:

U.S. EPR design does not require an
alternate source of water (i.e., alternate
to the water in the IRWST) to meet 10
CFR 50.46 (b) requirements following a
LOCA.

1.3

Evaluation of Long-Term Recirculation Capability - The
following techniques, assumptions, and guidance should be used in
a deterministic, plant-specific evaluation to ensure that any
implementation of a combination of the features and capabilities
listed in Regulatory Position 1.1 are adequate to ensure the
availability of a reliable water sou