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Please contact me or Patricia Campbell (202-637-4239) if you have any questions. 

Sincerely, 

~~~'~ 
~era Id G. Head · 

Senior Vice President, Regulatory Affairs 

/ 



M170046 Page 2 of 2 

Commitments: None. 

References: 

1. Letter from USNRC to Jerald G. Head, GEH, Subject: Request for Additional 
Information Letter Number 8 Related to Chapter 6 For GE-Hitachi Nuclear Energy 
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5. Technical Report NED0-33878, Public Information 
6. Technical Report NEDE-33878P, GEH Proprietary Information 
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GEH Revised Response to RAI 06.03-2 

IMPORTANT NOTICE REGARDING CONTENTS OF THIS 
· DOCUMENT Please Read Carefully 

The information contained in this document is furnished solely for the purpose(s) stated 
in the transmittal letter. The only undertakings of GEH with: respect to information in this 
document are contained in the contracts between GEH and its customers or participating 
utilities, and nothing contained in this document shall be construed as changing that 
contract. The use of this information by anyone for any purpose other than that for which 
it is intended is not authorized; and with respect to any unauthorized use, GEH makes no 
representation or warranty, and assumes no liability as to the completeness, accuracy, or 
usefulness of the information contained in this document. 
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GEH has revised its response to NRC Request for Addition Information {RAI) 06.03-2, Revision 1. 
The previous response was provided in a GEH letter dated December 19, 2016 (MFN 16-034 
Revision 1 ), This revised response is provided to address information discussed in a public 
teleconference held on January 5, 2017. The RAI is repeated below and the updated response, 
which replaces the previous response, follows. 

NRC Request for Information RA/ 06.03-2: 

In RA/ 06-03-1, in accordance with 10 CFR 52.59(a) (2014), the NRG staff requested GE Hitachi 
Nuclear Energy (GEH) to provide information showing that the EGGS suction strainer design 
complies with 10 CFR 50.46(b)(5) (1997). GEH responded in letters, dated April 8, 2015, and July 
17, 2015. The staffs review of the applicant's response found the need for additional information as 
cited below. · 

A. Design and Analysis of ECCS Strainer 

1. To enable making a safety determination with respect to 10 CFR 50.46(b)(5), the staff needs 
the applicant to provide its evaluation of EGGS strainer performance (e.g. head loss) and 
the results of any analysis and/or tests performed in support. 

2. GEH updates the design to install reflective metal type insulation on the ASME Section Ill, 
Class 1 piping greater than 80 mm in the drywell. As pointed out by GEH, use of reflective 
metal type insulation improves the design by reducing the potential suction strainer debris 
load and clogging. However, the types and quantities of insulation debris being transported 
to the EGGS suction strainers and the core following a design basis accident are needed for 
evaluating the EGGS and core design. Staff needs a design basis debris load in the DCD to 
enable the staff to make the 50.46(b)(5) finding. 

3. GEH's response deletes the following without providing an alternate description of the debris 
strainers: ''The ABWR EGGS suction strainers will utilize a 'T' arrangement with conical 
strainers on the 2 free legs of the 'T'. This design separates the strainers so that it minimizes 
the potential for a contiguous mass to block the flow to an EGGS pump." Staff needs 
sufficient design detail to assess the performance of the system under the accident. 
conditions. For example, staff would need to understand the strainer type, flow area, and 
hole size to assess strainer head loss. (See Regulatory Positions C.2.1.2.1 and C.2.1.2.2 of 
RG 1.82 rev 3.) This combined with the information in response to Question 1 would enable 
staff to assess the head loss due to debris and enable the staff to make a finding on 
compliance with 10 CFR 50.46(b)(5). 

4. GEH's response deletes Tables 6C-1 and 6C-2 which provide debris analysis input 
parameters and results of EGGS debris strainer sizing analysis without providing alternate 
tables or references to calculation reports. Staff needs the type of information from these 
tables to be provided in the DCD to support the staffs safety finding. 

5. GEH's response provides references to guidance documents, e.g., "Of the debris 
generated, the amount that is transported to the suppression pool shall be determined in 
accordance with Reference 6C-3 based on similarity of the Mark Ill upper drywell design." 
However, the response does not provide the EGGS debris strainer design input calculated 
using these guidance documents nor does it reference calculation reports providing such 
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information. Staff requests GEH provide the analysis documenting the implementation of 
this guidance be made available for staff audit and the summary of the inputs methods and 
results be placed on the docket. 

8. Chemical Effects 

The staff requests the following additional information about how the potential for chemical effects 
is addressed through design, to enable the staff to make the safety finding for 10 CFR 50.46(b)(5). 

1. There is currently a limited understanding of chemical precipitation under the anticipated 
range of post-loss-of-coolant accident (LOCA) chemical and temperature conditions for 
Boiling Water Reactors. An investigation suggested corrosion products from steel and zinc 
may have contributed to head Joss across a bed of mineral wool on the strainer in a test 
facility ("Influence of Corrosion Processes on the Protected Sump Intake after Coolant Loss 
Accidents," Nuclear Technology Annual Convention 2006, translated from German, ADAMS 
Accession No. ML083510156). Research on pressurized water reactor (PWR) chemical 
effects has shown aluminum, calcium silicate, concrete, and silicon-rich insulation materials 
can form chemical precipitates under conditions similar to BWR post-LOCA conditions. 
Since the amount of chemical precipitation would depend, in part, on the amount of the 
contributing materials in communication with the EGGS, the staff requests that you describe 
the use of the following materials in the ABWR containment and how the design establishes 
limits on the quantities of 

a. Aluminum 
b. Metallic zinc, including galvanized steel 
c. Inorganic zinc-rich coatings 

i. All unqualified 
ii. Qualified and not top coated within 100 zone of influence of a piping system break 

location 
iii. Qualified and epoxy top coated within 40 zone of influence of a piping system break 

location 
d. Uncoated carbon steel 
e. Concrete 

i. Uncoated 
ii. Coated and within the zone of influence for the coating 

f. Insulation other than reflective metal insulation (i.e., fiberglass, calcium silicate, mineral 
wool, amorphous silica, etc.) 

2. Since chemical precipitation depends on the temperature and chemical environment, provide 
the ranges and timing of pH, pool temperature, and boron concentration possible following a 
Joss of coolant accident. JnC/ude the timing of the Standby Liquid Control System initiation. 
Jn addition, identify where this information is found in the DCD. 

3. Identify and justify how the strainer and fuel assembly performance criteria will be met, 
considering chemical precipitates that may form under the conditions described above 
(bounding or plant-specific). 
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1. Similar to question A. 2 above, staff needs an in-vessel design basis debris load in the DCD 
that will establish the design basis limits for in-vessel testing. This will enable the staff to 
make the 50.46(b}(5) finding. 

2. A justification for the acceptability of the core design with respect to core cooling in the 
presence of debris should be provided. GEH should provide testing results and/or analysis 
to support its design. Any justification for reliance on historical testing should be accompanied 
by a justification of the applicability of the referenced tests to the GE-7 fuel specified in the 
certified design. 

3. GEH should provide the ABWR-specific acceptance criteria it relied upon in evaluating the 
test and/or analysis results. 

GEH Reyjsed Response: 

This response addresses the questions above and is updated to address discussions with and 
feedback provided during a public teleconference held on January 5, 2017. This updated response 
supersedes the response provided in GEH letter number MFN-16-034 Revision 1 (NRC ADAMS 
Accession Number ML 16358A445). Note that there are references in this response that are GEH 
proprietary internal documents that are available for NRC audit at GEH faci!ities. 

This revised response addresses the evaluation of downstream effects of debris bypass from the 
ECCS suction strainers on ECCS long-term recirculation capability performed by GEH. This 
evaluation is described in NRC guidance in Regulatory Guide 1.82 Revision 4. While Regulatory 
Guide 1.82 notes that Westinghouse Commercial Atomic Power (WCAP)-16406-P-A, Evaluation of 
Downstream Sump Debris Effects in Support of GSl-191, and its SE provide evaluation methods 
and criteria that the NRC considers acceptable, this reference is proprietary and is not available to 
GEH as input for this evaluation. Therefore, GEH developed a methodology to assess ECCS 
downstream effects from public documents and GE proprietary documents including the following: 

• NEI 04-07, PWR Sump Performance Evaluation Methodology-Volume 1, Revision 0 
(ML050550138) 

• NEI 04-07, PWR Sump Performance Evaluation Methodology-Volume 2, Safety Evaluation 
by the Office of Nuclear Reactor Regulation Related to NRC Generic Letter 2004-02, 
Revision 0 (ML050550156) 

• Safety Evaluation by the Office of Nuclear Reactor Regulation Topical Report (TR) WCAP-
16406-P, Evaluation of Downstream Sump Debris Effects in Support of GSl-191 Pressurized 
Water Reactor Owners Group Project No. 694 Revision1. (ML073520295) 

• NED0-32686-A Vol. 4, Utility Resolution Guide for ECCS Suction Strainer Blockage, 
Revision October 1998, containing Technical Support Documentation GE-NE-T23-00700-
15-21, Revision 1, Evaluation of the Effects of Debris on ECCS Performance (ML092530507) 

• NEDC-32721 P-A, Licensing Topical Report: Application Methodology for the GE Stacked 
Disk ECCS Suction Strainer, Revision 2 (GEH Proprietary Information) 
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• NUREG/ CR-2792, September 1982, An Assessment of Residual Heat Removal and 
Containment Spray Pump Performance Under Air and Debris ·ingesting Conditions 
(ML 100110155) 

• NUREG/CR-6808, Knowledge Base for the Effect of Debris on Pressurized Water Reactor 
Emergency Core Cooling Sump Performance, February 2003 (ML030780733; 
ML030920540) 

• ANSI/AP! 610, 11th Edition (September 2010), Centrifugal Pumps for Petroleum, 
Petrochemical and Natural Gas Industries 

• ASME QME-1-2007, Qualification of Active Mechanical Equipment Used in Nuclear Power 
Plants 

NEDE-33878P, ABWR ECCS Suction Strainer Evaluation of Long-Term Recirculation Capability, 
Rev. 0, (GEH Proprietary Information) was developed to address debris carried downstream of the 
ECCS strainers causing postulated downstream blockage or wear and abrasion. The three areas of 
concern evaluated are (1) blockage of system flow paths at narrow flow passages (e.g., ECCS 
sparger spray nozzles, some pump internal flow passages, and tight-clearance valves), (2) wear and 
abrasion of surfaces (e.g., pump running surfaces) and heat ex.changer tubes and orifices, and (3) 
blockage of flow paths through fuel assemblies. 

This response is developed using guidance in the topical reports listed below, as well as guidance 
in Regulatory Guide (RG) 1.82 (Revisions 3 and 4). · 1n addition, as discussed with the NRC in a 
public meeting held May 7, 2015, GEH acknowledges that RG 1.1 has been withdrawn and replaced 
with RG 1.82. The DCD markups provided with the earlier response include changes to address the 
withdrawal of RG 1.1. 

A. Design and Analysis of ECCS Strainer 

1. The ABWR ECCS strainers will be the patented GE optimized stacked disk design 
in accordance with NEDC-32721 P-A Rev. 2 (NRC ADAMS Package ML031010392; public 
version). This strainer design was developed in response to NRC Bulletin 96-03 as a 
replacement of existing ECCS strainers with a large capacity passive strainer design. This 
new design utilizes disks whose internal radius and thickness vary over the height of the 
strainer. The selected variation in these parameters achieves an increased surface area 
compared to existing strainers of the same size to' provide a higher capacity for debris 
capture. The new ABWR strainer will perform with a minimum head loss for the range of 
possible amounts of debris while fitting in the required volume. NEDC-32721 P-A, which 
was reviewed and approved by the NRC, describes methods for sizing a stacked disk 
suction strainer and evaluating the head losses due to debris accumulation (note that an 
updated head loss correlation is used along with NEDC-32721 P-A). The DCD will be 
updated to include a general description of the stacked disk strainer, and to remove 
obsolete information related to the T-shaped conical strainer, and outdated information such 
as the guidance to design for 50% plugging. 
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The ABWR ECCS suction strainers are the same design as an existing stacked disk design 
from the operating BWR fleet (105E2586 Rev. 02, Suction Strainer RHR). The ABWR 
specific debris load, flow rate and pool conditions are applied to demonstrate that the 
qualified strainer design (applied to ABWR Residual Heat Removal RHR, High Pressure 
Core Flooder HPCF and Reactor Core Cooling RCIC systems) will support ABWR 
certification renewal. 

As noted above, the strainers have been designed in accordance with NEDC-32721 P-A Rev. 
2 (ML031010392). This licensing topical report documents the application methodology for 
the GE stacked disk ECCS suction strainer, including (1) hydraulic performance design 
methods and (2) procedures for calculation of loads for new strainer installation used in the 
structural analysis of the suppression pool penetration(s), the strainer supports, and the 
strainer itself. The ABWR ECCS suction strainer design and procurement specifications are 
based on NEDC-32721 P-A. The applicable ECCS suction strainer design specification is GE 
specification 24A5822 Rev. 7. A similar fabrication specification is GE specification 24A5849 
Rev. 8. These calculations are available for audit by the NRC staff at GEH facilities. 

An updated method was implemented for sizing and qualifying the ABWR ECCS strain~rs 
due to non-conservatisms noted in the methodology presented in NEDC-32721 P-A Rev. 2. 
The evaluation, using the ABWR design parameters, demonstrates that the head loss across 
the strainer under the design basis debris load (discussed below) is within an acceptable limit 
such that the required Net Positive Suction Head (NPSH) can be supplied to the ECCS 
pumps. The evaluation (DBR-0017510, ABWR Suction Strainer Performance Evaluation) 
and the updated head loss correlation calculations are available to the NRC for audit at GEH 
facilities. 

The NPSH for the ABWR RHR pump was assessed in accordance with RG 1.82 under 
calculation 31113-0E11-2113 Rev. 1. The NPSH for the ABWR HPCF pump total head was 
assessed in accordance with RG 1.82 under calculation 3.1113-0E22-2106 Rev. 0. The 
NPSH for the ABWR RCIC pump was assessed in accordance with RG 1.82 under 
calculation 31113-0E51-2121 Rev. 0. While these calculations are not part of the ABWR 
certified design basis, these calculations are available for audit by the NRC staff. The results 
of these analyses demonstrate that the original certified design values for NPSH are met as 
reflected below. 
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Net Positive Suction Head - ECCS Pumps 

DCD Reference for ·. · N~SH R.equire~ . NPSH 'Av~ilable 

•''· .Calc~l~ti.on~, ,· • .,_ 
·-.:.' ;, r ''. r"'· ,.,, .. .. '-": 

< .·..\·-:···, 

: .... . ··: . ·" .·, 

Table 5.4-1a 7.3m 7.65m 

Table 6.2-2b 2.4m 2.75m 

Table 6.2-2c 2.2m 2.55m 

2. The ABWR DCD is updated, under revision 1 of this response, to include the following table 
that lists the types and quantity of debris determined in accordance with Utility Resolution 
Guidance (URG) NED0-32686-A (ML092530482). The spherical zone of influence (ZOI) 
was used to determine quantities of pipe insulation (both RMI and Nukon fiber). The _note 
indicates that no chemical effects are listed due to the ABWR design (see the section below 
on Chemical Effects for more details). 

ECCS Strainer Debris Load 

Debris Tl£~e Strainer Load 

Sludge I corrosion prod. 90. 7 kg (200 lbm) 

Inorganic Zinc (IOZ) 21.3 kg (47 lbm) 

Epoxy Coated IOZ 38.6 kg (85 lbm) 

Rust Flakes 22.7 kg (50 lbm) 

Dust I Dirt 68.0 kg (150 lbm) 

Reflective Metal Insulation 35.8 m2 (385 tt2) 

Nukon Fiber Insulation 23.4 kg (51.6 lbm) 

*NOTE: No chemical effects are included based on the ABWR design 

• The ABWR has substantially reduced the amount of piping in the drywall relative to 
earlier designs and consequently the quantity of insulation required. Furthermore, there 
is no equipment in the wetwell spaces that requires insulation or other fibrous materials. 
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• The non-thermal insulation debris values are as recommended by NED0-32686-
A. The sludge load of 200 lbm is equivalent to 100 lbm/year assuming a two-year 
cycle. This value was chosen to envelope the survey results reported in URG 
Section 3.2.4.3.2 in which the median sludge generation rate for operating BWRs was 
found to be 88 lbm/year. The ABWR design includes many improvements over the 
conventional BWRs that will help to minimize the generation of sludge. Specifically, the 
ABWR design includes the following improvements: 

• The suppression pool is equipped with a stainless steel liner on the normally 
wetted surfaces, and many interfacing systems utilize stainless steel pipe, 
which reduces the generation of carbori steel corrosion products. 

• The ABWR suppression pool is enclosed in a concrete compartment and 
protected from the drywell environment, unlike some containment designs from 
the BWROG survey which have debris sources above the pool that can fall 
directly in by gravity. 

• The Suppression Pool Cleanup System (SPCU) is run periodically during 
operation to remove suspended impurities, and a method for maintaining 
suppression pool cleanliness is required by DCD Section 6.2.7.3. 

For these reasons, there is reasonable assurance that the ABWR will have significantly less 
sludge generation than the operating fleet of BWRs, and the selection of 200 lbm (90. 7 kg) 
total is reasonable. 

3. The conical strainer design is obsolete and has been updated to the GE stacked disk strainer 
as explained in the response to item A.1. Design details related to the stacked disk strainer 
performance and sizing methodology can be found in the report NEDC-32721 P-A applying 
an updated head loss correlation. The ECCS suction strainer configuration utilized for the 
ABWR applications is shown on DWG 105E2586 R4 ). 

Type: GE stacked disk passive suction strainer 
Flow Area: Each strainer has perforated area 36 m2 (388 ft2) with 20 disks 
[combined surface area of 216 m2 (2328 ft2) for three (3) RHR, two (2) HPCF and 
one (1) RCIC strainer] 
Hole Size: 3.2 mm (0.125 inch) diameter 

GEH calculation 0000-0080-3039R1 (updated under DBR-0017510) applies ABWR RHR 
suction strainer parameters to the updated methodology provided in NEDC-32721 P-A. This 
drawing and the supporting sizing calculations are available for NRC audit at the GEH 
facilities. 

4. DCD markups included in earlier response updated Table 6C-1 to include the design basis 
debris load shown above for Response A.2. This information, cqmbined with the 
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methodology in NEDC-32721 P-A, applying an updated head loss correlation, provides the 
necessary inputs to design a strainer that complies with 10CFR50.46(b)(5). 

5. DCD markups included in earlier response show the updates explained in response to 
item A.1 to reference the report NEDC-32721 P-A (with a note explaining the updated head 
loss correlation), which provides the strainer design methodology. As noted above, the 
evaluation described in response to item A.1 is available for NRC audit. 

When applying NEDC-32721 P-A, an updated head loss correlation is used to address an 
issue identified in a letter to the NRC (MFN 08-286, NRC ADAMS Accession Number 
ML080850242). A note is being included with the reference to NEDC-32721 P-A in Table 
1.6-1, as shown on the DCD markups with this revised RAI response. The updated head 
loss correlation is in the information that the NRC may audit, as discussed above. 

B. Chemical Effects 

1. The material discussion of "Engineered Safety Feature Materials" for the ABWR are given 
in DCD Chapter 6, Section 6.1. It covers metallic materials and organic materials. Steel 
is used to line the containment thus isolating the concrete from degradation· and 
preventing dissolution. In that the RAI asks for the use of specific materials these are 
addressed individually as follows: 

a. Aluminum: 
Aluminum will not be installed in the ABWR containment. RMI insulation will be stainless 
steel construction. Aluminum cable trays shall not be permitted for use inside the Reinforced 
Concrete Containment Vessel (RCCV). Therefore, aluminum will not be a material of concern. 

b. Metallic Zinc: 
Use of exposed metallic zinc is limited to galvanized steel in ladders, ductwork, 
unistruts, cable trays, conduit and grating and will not make any significant 
contribution to corrosion products in the suppression pool. Therefore, metallic zinc 
will not be a material of concern. 

c. Inorganic Zinc-Rich (IOZ) Coatings: 
i. All unqualified: 

As stated in the DCD, only small an'1ounts of unqualified IOZ coatings 
associated with small size equipment will be present. These include electrical 
trim, face plates and valve handles. 

ii. Qualified and not top-coated: 
None. Zinc rich primer is always coated with a qualified epoxy top coat. 

iii. Qualified and epoxy top coated within 40 zone of influence of a piping system 
break location: 

The quantity of epoxy coated IOZ is bounded by the guidance of NED0-
32686-A, Section 3.2.2.2.2.1.1 Table 3. 

d. Uncoated carbon steel: 
Uncoated carbon steel will not be used in the ABWR containment. 
Therefore, carbon steel will not be a material of concern. 

e. Concrete: 
i. Uncoated: 

None. As stated, the concrete containment is isolated from the coolant by the 
steel liner. A steel liner plate is located at the pressure boundary of the 
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containment and on top of diaphragm slab. Uncoated concrete is not used in 
the ABWR containment. Therefore, concrete will not be a material of concern. 

ii. Coated and within the zone of influence for the coating: 
None. The quantity of debris generated due to jet impingement on coatings is 
addressed by Item C above. Therefore, concrete and concrete dissolution 
products will not be a material of concern. As mentioned above, all concrete 
is protected from jet impingement, but a quantity of 150 lbs. of dirt and dust is 
assumed per the guidance of NED0-32686-A, Section 3.2.2.2.3, Item 2. 

f. Insulation other than RMI 
The only type of pipe insulation permitted, aside from RMI, is Nukon fiber. The 
ABWR limits the amount of Nukon by restricting it to pipe sizes of 80 mm and 
smciller. A calculation is performed per the URG guidance of NED0-32686-A to 
determine the quantity of Nukon that is assumed to reach the suppression pool 
during a LOCA (see Response A.2). This calculation is available to the NRC for audit 
at GEH facilities. Also, see response item C.2, which provides an evaluation 
for chemical and downstream effects. 

2. Per the DCD Chapter 6, Section 6.1.1.2: "The post-LOCA ESF coolant, which is high- purity 
water, comes from one of two sources. Water in the 304L stainless steel-lined suppression 
pool is maintained at high purity (low corrosion attack) by the Suppression Pool Cleanup 
(SPCU) System. Since the pH range (5.3 - 8.6) is maintained, corrosive attack on the pool 
liner (304L SS) will be insignificant over the life of the plant. ESF coolant may also be 
obtained from the condensate storage tank, if available." The Standby Liquid Control 
System (SLC) is credited to mitigate A TWS events (discussed in DCD Section 15.8), but does 
not operate during a design basis LOCA. Therefore, for the purpose of suction strainer 
design, sodium pentaborate is not a contributing factor affecting pool chemistry. 

3. The strainer shall be designed as described in response to Part A of this RAI response. 
The debris loading is based on the values given in the Table shown in response to Item 
A.2. The downstream effects on the fuel assemblies are discussed more directly in 
response to Item C of the RAI. The term "chemical effects" refers to the possibility that 
interactions of materials in the containment environment will generate chemical precipitate 
debris that may contribute to blockage and head loss. As noted in DCD markup for Table 
6C-1, no chemical effects are considered based on the ABWR design. 

It is not expected that interactions of materials will generate chemical precipitation debris in 
the ABWR containment environment. 

• Reactive materials such as aluminum, phosphates and calcium silicate will not be 
installed in the ABWR containment. 

• Zinc chemical debris that could result from corrosion of inorganic zinc coating was 
assumed to transport to the suction strainers but will cause minimal head loss because 
the calculated chemical debris quantity is small relative to the strainer area. 

• Concrete does not include particle generation by the LOCA jet. This is based on the 
ABWR mitigating design feature of isolating the concrete from the coolant by the steel 
liner. 
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• There are no potential chemical reactor products (or precipitates) resulting 
from boron injection into the primary system as a design basis accident 
mitigating system. 

C. Downstream Effects 

1. As stated in DCD Section 6C.1, the ABWR commits to following the guidance related to 
ECCS blockage in RG 1.82 (sections pertaining to BWRs) and in Topical Report NED0-
32686-A, "Utility Resolution Guidance forECCS Suction Strainer Blockage," (the URG). 

The possibility of debris clogging flow restrictions downstream of the strainers is assessed in 
NEDE-33878P, ABWR ECCS Suction Strainer Evaluation of Long-Term Recirculation 
Capability, Rev. 0. This technical report ahd a public version are submitted to the NRC with 
this updated RAI response. The results of this evaluation, described in DCD 6C.3.3, ensure 
adequate long-term ECCS performance. 

The design basis suppression pool debris load is provided in Table 6C-1 of the DCD. A 
percentage of this debris is assumed to bypass the ECCS strainers and interact with 
downstream components such as pumps, valves and heat exchangers. The downstream 
evaluation includes several conservative assumptions: 

o It was assumed that all debris other than NUKON and RMI passed through the 
strainer and was available in the ECCS 

• This assumption is conservative with no credit for sludge, dust/dirt, or rust 
flakes settling i~ the suppression pool or on the ECCS strainers 

o The downstream evaluation, also determ,ined the design basis debris source term for 
ECCS components assuming all NUKON and RMI bypassed the suction strainers 
(SP debris concentration) 

• NUREG/CR-6808 assumes model where 23% of NU KON generated are fines 
passing through strainer 

• NUREG/CR-6808 shows 4.3% of typical RMI debris (shards) generat~d by 
large break LOCA are % inch or less · 

o All debris that was introduced into the SP remains in uniform $Uspension within the 
pool and is available for ingestion into (circulation through) the ECCS for the entire 
duration of the ECCS mission time. : 

• This assumption is conservative because the evaluation does not credit 
sludge, dust/dirt, or rust flakes settling in the suppression pool or on the ECCS 
strainers during LOCA recovery 
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The ABWR RHR strainer perforated plates contain 3.2 mm (1/8 inch) diameter holes in the 
plates resulting in approximately 40% open area. This allows the suction strainer to filter 
debris larger than this nominal size. 

NEDE-33878P, ABWR ECCS Suction Strainer Evaluation of Long-Term Recirculation 
Capability, Rev. 0, evaluates downstream effects based on the design basis debris source 
term and maximum debris particle size downstream the suction strainer. The maximum 
dimension (length, width and/or thickness) of non-deformable particulates that may pass 
through the strainer is limited to the cross-sectional flow area of the penetration (hole) in the 
strainer. 

NEDE-33878P, ABWR ECCS Suction Strainer Evaluation of Long-Term Recirculation 
Capability, Rev. 0, evaluates downstream effects as listed below. Where appropriate, typical 
ABWR ECCS components were evaluated for tolerance to LOCA generated debris (debris 
source term and maximum dimension) for the duration of the component mission time. The 
limiting debris size may be listed as a procurement I design requirement in the applicable 
system I component specification (i.e. ASME Purchase Specification for Vertical Can Type 
ASME Pumps). This will allow a generic evaluation to remain valid for site-specific details 
(i.e. specific pump and heat exchanger procurement). 

Blockage of Flow Paths in Equipment 
o The orifice sizes in ECCS components were compared with maximum dimension of 

debris downstream of suction strainer with clogging not credible if orifice size is 
greater 

o The fluid velocity through ECCS flow paths was compared with settling velocity for 
debris type with clogging not credible if flow maintains debris in solution 

• Wear and Abrasion of Surfaces 
o The ECCS materials were reviewed for wear and degradation when exposed to 

debris laden water and compared to industry standards and operating experience 
with ECCS components under bounding debris ingesting conditions. Significant wear 
and degradation affecting the ECCS safety function is not credible. 

• Blockage of Flow Clearances through Fuel Assemblies 
o Limiting dimensions in the reactor vessel, core and fuel assemblies were reviewed 

against the design basis debris source term and maximum dimension of debris 
downstream of suction strainer to assess the risk of flow blockage on long term 
cooling degradation. All internal flow paths that influence long-term cooling were 
addressed for the potential for plugging these paths. This failure mode is not credible. 

o The flow blockage associated with core grid supports, mixing vanes, and debris filter, 
and its effect on fuel rod temperature were considered. This failure mode is not 
credible. 



,( 

M170046 
i;:nclosure 1 Page 12of16 

o Bypass debris was assessed for the potential blockage of coolant flow at the entrance 
to the fuel assemblies as described in NEDC-33302P, Fiber Insulation Effects with 
Defender Lower Tie Plate (available for NRC audit in GEH facilities) 

NED0-32686, Volume 4, includes Report GE-NE-T23-00700-15-21 March 1996 (Rev. 1), · 
"Evaluation of the Effects of Debris on ECCS Performance," which provides a description of 
extensive testing of the GE stacked disk passive suction strainers. This evaluation shows 
that adequate core cooling provided during a LOCA will not be compromised by the presence 
of rust, epoxy paint chips, sand, iron oxide sludge, and fibrous debris in the ECCS system or 
reactor core. It was concluded that there is no safety concern for the potential failure of the 
ECC$ pumps, inadequate cooling capacity from the RHR heat exchangers, plugging of the 
core spray header nozzles, plugging of the containment spray nozzles, corrosion or chemical 
reaction with other reactor materials, or fuel bundle flow blockage. 

For this debris analysis, the particles evaluated are rust, paint chips, sand, and fibrous debris 
of random sizes and shapes. The rust chips are of low strength and will fracture into even 
smaller pieces upon interaction with other components. Similarly, the epoxy paint is also 
relatively brittle and will breakup as well. The sand will not m.elt or form a large enough 
agglomeration to significantly block flow. The glass fibers are fragile with virtually no 
mechanical strength. The rust, paint, and fiberglass debris that pass through the ECCS 
suction strainers will be subjected to the ECCS flow rates and turbulence that will cause 
disintegration into particles of even smaller sizes. 

The ABWR ECCS stacked disk suction strainer design ensures core cooling with the 
presence of debris in the ECCS suction strainers. 

ABWR consists of three divisions of ECCS, each of which includes one high pressure and 
one low pressure makeup system. The high-pressure configuration consists of two motor 
driven high pressure core flooders (1-jPCF) each with its own independent sparger 
discharging inside the shroud and the steam driven Reactor Core Isolation Cooling system 
(RCIC) which discharges into the feedwater injection line. The low pressure ECCS utilizes 
three residual heat removal (RHR) pumps in the post LOCA Low Pressure Flooding (LPFL) 
mode. The RHR system provide core and containment cooling following a postulated LOCA. 

Limiting LOCA conditions (MSL break) were used to evaluate the RHR. suction strainer under 
design debris loading when determining NPSH margin as described in GEH ABWR Suction 
Strainer Performance Evaluation (DBR-0017510). A debris load fraction for fiber debris 
(Nukon) of 57% is applied to the RHR strainer (43% applied to the HPCF strainer). This single 
RHR strainer is also subjected to the entire debris load from other sources (sludge, IOZ, 
epoxy coated IOZ, rust flakes, dust/dirt). In addition, the entire inventory of RMI debris is 
assumed to be collected in one RHR suction strainer. The head loss associated with this 
design basis debris accumulation is added to the clean strainer and remaining piping system 
resistance to estimate RHR pump NPSH margin. 

This analysis reflects a strainer gap fill ratio less than 1.0 indicating that the gaps between 
the strainer discs are not filled under the design debris loading. This supports the conclusion 
that the passive suction strainer will filter debris ensuring that downstream ECCS system 
components or reactor fuel will not be impacted significantly. This bounding strainer design 
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(RHR) was shown to satisfy the NPSH requirements for HPCF and RCIC pumps since the 
ECCS strainer sizing calculations assumed all ECCS Strainers (RHR, RCIC and HPCF) are 
of the RHR size. Conservatisms used in the assessment provide additional support for 
conclusion that core cooling will be maintained. 

• Two RHR strainers are assumed available for capturing insulation debris for the limiting 
design condition. The debris-laden flow from the suppression pool will be injected into 
the vessel only after the initial inventory of the ECCS piping, which is clean, is swept and 
injected into the vessel. Therefore, any suppression pool water will be further diluted by 
this clean initial injection. 

• Although not credited, the HPCF (and RCIC) pumps initially inject from the condensate 
storage tank, which is a clean source of water. 

• The diversity of ECCS delivery points (injection inside the core shroud above the fuel by 
the HPCF and injection outside the core shroud in the annulus by the RHR and RCIC) 
helps to maintain the core flooded and reduce the consequences of a blockage in the 
fuel assembly. 

• The ABWR design also has additional features not utilized in earlier designs that could 
be used in the highly improbable event that all suppression pool suction strainers were 
to become plugged. The Alternate AC Independent Water Addition (ACIWA) mode of 
RHR allows water from the Fire Protection System to be pumped to the vessel and 
sprayed in the wetwell and drywell from diverse water sources to maintain cooling of the 
fuel and containment 

This bypass debris is also assessed for the potential blockage of coolant flow at the entrance 
to the fuel assemblies. Tests have been performed to simulate clogging of the Defender 
Lower Tie Plate (DL TP) with a small concentration of fiber insulation material. This evaluation 
concludes that significant BWR fuel bundle inlet clogging does not result in GNF2 fuel heat
up after the LOCA re-fill from ECCS injection. These conclusions apply to other BWR fuel 
bundles (i.e. ABWR GE P8x8R) with equivalent degree of inlet resistance as used in this 
evaluation. 

The ABWR response during LOCA is different from a typical BWR which reduces impact of 
debris on fuel coolability: 

• The core flow rate decreases quickly due to the rapid coast down of the RIPs 
following a reactor scram resulting from a LOCA in containment. 

o This results in an early boiling transition upon reactor scram. The reduction in 
the heat transfer results in an increase in the fuel cladding temperature. The 
decrease in core power caused by increased voiding and reactor scram results 
in a rapid reduction in the cladding temperature. The cladding temperature 
excursion is short-lived with the peak clad temperature occurring prior to ECCS 
injection. 

• The elevations of potential large pipe break locations are above the top of the active 
core. 
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o The location of the pipe break in conjunction with the actuation of the ECCS, 
results in a nearly continuous two-phase cooling of the core. The typical 
extended core uncovery phase of the BWR LOCA does not occur in the ABWR. 
Thus, the peak cladding temperature occurs before the ECCS actuation and is 
independent of the ECCS performance. 

The ABWR evaluation examines the effects of bundle inlet clogging that reduces the 
available inlet flow from natural circulation phenomena following initial core refill when the 
core region is covered by a two-phase mixture. During this post-LOCA period, the reduced 
inlet flow results in increased bundle voiding and higher velocities such that the heat transfer 
is sufficient to remove the decay heat. Once the bundle decay heat has decreased and 
insufficient voids exist to maintain the level in the bundle above the top of the fuel channel, 
adequate cooling from the upper plenum spillover will exist. Thus, the evaluation concludes 
that for significant bundle inlet clogging following initial core refill, BWR fuel bundle cooling is 
assured. 

The ABWR design provides reasonable assurance that downstream effects, from debris 
bypassing the ECCS suction strainers, will not have a deleterious effect on critical 
components such as fuel rods, valves, and pumps downstream of the suction strainers. This 
reasonable assurance is based on the following: 

• The relative reduced likelihood of debris generation compared to operating BWRs 
(restricted access to the containment, the suppression pool cleanup system, the 
operational program for suppression pool clean-up) 

• Minimal LOCA-generated debris (elimination of recirculation piping, minimal fibrous 
insulation) 

• Inconsequential impacts of chemical effects 
• ABWR design features that minimize the transport of accident-generated debris. 
• Suction strainer design 
• Diversity of ECCS delivery locations 

2. The justification of the acceptability of the ABWR core design with respect to core cooling in 
the presence of debris is provided in C.1 above. 

3. The justification of the acceptability of the ABWR core design with respect to core cooling in 
the presence of debris is provided in C.1 above. The ABWR design provides reasonable 
assurance that downstream effects, because of debris bypassing the ECCS suction 
strainers, will not have a deleterious effect on critical components such as fuel rods. 
Therefore, COL items associated with Evaluation of Post LOCA Fuel Bundle Blockage (COL 
4.1 a) and Debris evaluation of ECCS Strainers (COL 6.12) have been removed. 

Impact on pep: 

The following ABWR DCD Revision 6 tables and sections are revised, as shown in the markups 
provided in Enclosure 2, of this revised response. Note that certain of the DCD markups are on 
pages from draft Revision 7 for better clarity in showing the changes from the previous RAI response 
versions. Note that the DCD markups include changes to certain sections that were changed in 
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previous responses. If no changes are included in this response, the previous DCD markups remain 
valid. 

Tier 1: 

• None 

Table 1.6-1: 

• Appendix 6C: 

Added NEDE-33878P, "ABWR ECCS Suction Strainer Evaluation of 
Long-Term Recirculation Capability," Rev. 0, and NED0-33878, 
"ABWR ECCS Suction Strainer Evaluation of Long-Term 
Recirculation Capability," Rev. 0, to ABWER referenced reports 

6C.2 Added description of GE stacked disk strainer 

6C.3.3 Updated design considerations for downstream effects to 
describe evaluation and conclusion from for NEDE-33878P, "ABWR 
ECCS Suction Strainer Evaluation of Long-Term Recirculation 
Capability," Rev. O~ 

6C.7 Added reference 6.3-5 to 6C.7 References for NEDE-33878P, 
"ABWR ECCS Suction Strainer Evaluation of Long-Term 
Recirculation Capability," Rev. 0, and NED0-33878, "ABWR ECCS 
Suction Strainer Evaluation. of Long-Term Recirculation Capability," 
Rev.a 

• Section 14.2.12.1.8 Removed testing requirement for 50% blockage of RHR suction 
strainer due to elimination of this requirement 

• Section 14.2.12.1.10 Removed testing requirement for 50% blockage of HPCF suction 
strainer due to elimination of this requirement 

Tier 2 -Section 21 

• Figure 1.2-13i Updated wetwell arrangement plan to reflect GE stacked disk 
strainer design that supersedes the T-type conical strainer 
design (Chapter 21, Volume 1; contains security-related 
information) 

• Figure 5.4-9 (Sh. 1 of 2) Note 10- Replaced requirement for 50% blockage of RCIC 
suction strainer with strainer head loss at design value 

• Figure 5.4-11 (Sh. 2 of 2) Numerous entries- Replaced requirement for 50% blockage of 
RHR suction strainer with strainer head loss at design value 
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• Figure 6.3-1 
(Sheet 1 of 2) 

Page 16 of 16 

Note 4- Replaced requirement for 50% blockage of HPCF 
suction strainer with strainer head loss at design value 
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Table of ABWR DCD Tier 2 Figures 

IMPORTANT NOTICE REGARDING CONTENTS OF THIS 
DOCUMENT Please Read Carefully 

The information contained in this document is furnished solely for the purpose(s) stated 
in the transmittal letter. The only undertakings of GEH with respect to information in this 
document are contained in the contracts between GEH and its customers or participating 
utilities, and nothing contained in this document shall be construed as changing that 
contract. The use of this information by anyone for any purpose other than that for which 
it is intended is not authorized; and with respect to any unauthorized use, GEH makes no 
representation or warranty, and assumes no liability as to the completeness, accuracy, or 
usefulness of the information contained in this document. 
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Table of Changes to DCD Figures 

Figure Change Associated with 

Revised Response to RAI 06.03-2 

Figure 1.2-13i, Wetwell , 
Arrangement Plan at • Updated wetwell arrangement plan to reflect 
Elevation -8200 mm GE stacked disk strainer design that 

(Chapter 21 , Volume 1; supersedes the T-type conical strainer design 

contains security-related 
information) 

Figure 5.4-9 Reactor Core 
Isolation Cooling System • Note 10- Replaced requirement for 50% 

PFD (Sheet 1 of 2) blockage of RCIC suction strainer with strainer 
head loss at design value 

(Chapter 21, Volume 2) 

Figure 5.4-11 Residual Heat 
Removal System PFD (Sheet • Numerous entries- Replaced requirement for 

2 of 2) 50% blockage of RHR suction strainer with 
strainer head loss at design value 

(Chapter 21, Volume 2) 

Figure 6.3-1 High Pressure 
Core Flooder System PFD • Note 4- Replaced requirement for 50% 

(Sheet 1 of 2) blockage of HPCF suction strainer with strainer 
head loss at design value 

(Chapter 21, Volume 2) 
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ABWR DCD Revision 6 Markups (Public) 

IMPORTANT NOTICE REGARDING CONTENTS OF THIS 
DOCUMENT Please Read Carefully 

The information contained in this document is furnished solely for the purpose(s) stated 
in the transmittal letter. The only undertakings of GEH with respect to information in this 
document are contained in the contracts between GEH and its customers or participating 
utilities, and nothing contained in this document shall be construed as changing that 
contract. The use of this information by anyone for any purpose other than that for which 
it is intended is not authorized ; and with respect to any unauthorized use, GEH makes no 
representation or warranty, and assumes no liability as to the completeness, accuracy, or 
usefulness of the information contained in this document. 
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Table 2.4.1 Residual Heat Removal System (Continued) 

Inspections, Tests, Analyses and Acceptance Criteria 

Design Commitment Inspections, Tests, Analyses Acceptance Criteria 

4. continued 4. continued 
c. The RHR pumps have sufficient NPSH. c. c. The available NPSH exceeds the NPSH 

required by the pumps. 
!Delete 

required 

Design basis fluid temperature 
(100°C). 

Analytically derived values 
for blockage of pump 
suction strainers based 
upon the as-built system. 

- Containment at atmospheric 

ADD 
Inspections of the as-built system will be 
performed to obtain piping system 
d1mens1ons and other necessary 

pressure. 

Information The required NPSH of procured 
pumps will be determined by an inspection 
of the vendor specifications 
The analysis will consider the effects of - Confirm vertical and horizontal 

separation between the SRV Quencher 
and RHR Suction Strainer 

Provided under 
MFN 16-065 
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Table 2.4.2 High Pressure Core Flooder System {Continued) 

Inspections, Tests, Analyses and Acceptance Criteria 

Design Commitment Inspections, Tests, Analyses Acceptance Criteria 

3. continued 
d. The HPCF System flow in each division 

is not less than a value corresponding to 
a straight line between a flow of 182 
m3/h at a differential pressure of 8.12 
MPa and a flow of 727 m3/h at a 
differential pressure of 0.69 MPa. 

e. The HPCF System has the capability to 
deliver at least 50% of the flow rates in 
item 3d with 171°C water at the pump 
suction. 

f. System flow into the reactor vessel is 
achieved within 16 seconds of receipt of 
an initiation signal and power available 
at the emergency busses. 

g. The HPCF pumps have sufficient NPSH 
available at the pumps. 

Delete 

3. continued 
d. Tests will be conducted on each division 

of the as-built HPCF System in the 
HPCF high pressure flooder mode. 
Analyses will be performed to convert 
the test results to the conditions of the 
Design Commitment. 

e. Analyses will be performed of the as
built HPCF System to assess the system 
flow capability with 171 °C water at the 
pump suction. 

f. Tests will be conducted on each HPCF 
division using simulated initiation 
signals. 

g. 

Pressure es for pump inlet 
and components. 

- Suction from the suppression pool 
with water level at the minimum 
value. 

3. continued 
d. The converted HPCF flow satisfies the 

following: 

The HPCF System flow in each division 
is not less than a value corresponding to 
a straight line between a flow of 182 
m3/h at a differential pressure of 8.12 
MPa and a flow of 727 m3/h at a 
differential pressure of 0.69 MPa. 

e. The HPCF System has the capability to 
deliver at least 50% of the flow rates in 
item 3d with 171°C water at the pump 
suction. 

f. The HPCF System flow is achieved 
with in 16 seconds of receipt of a 
simulated initiation signal. 

g. The available NPSH exceeds the NPSH 
required by the pumps. 

required 

Analytically derived values 
for blockage of pump 
suction strainers based 

ADD 
Inspections of the as-built system will be 
performed to obtain piping system 

1---__:~~~~~~~~~~~~--lupon the as-built system. 

d1mens1ons and other necessary 
information The reQUtred NPSH of procured 
pumps will be determrned by an inspection 
of the vendor specifications 
The analysis will consider the effects o,~f" __ • 

- Confirm vertical and horizontal separation 
between the SRV Quencher and HPCF Suction 

Provided under MFN 16-065 
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Table 2.4.4 Reactor Core Isolation Cooling System (Continued) 

Inspections, Tests, Analyses and Acceptance Criteria 

~ 
°' 0 
0 .., 
&> 
Cil 

~ 
iii" 
~ 
::l 

8 
§' 
IQ 
(I) 

'ii 
~ 
3 

Design Commitment Inspections, Tests, Analyses 

3. continued 3. continued 
j. The RCIC System pump has sufficient 

NPSH. 

Delete 

j. Inspections, tests, and analyses will be 
performed based upon the as-built 
sys NPSH tests of the pump will be 
performed at a test faGility. The analyses 
will oensider the effests of: 

(1) Pressure losses for p mp inlet 
piping and compone ts. 

(2) 

(6) Confirm vertical and horizontal 
separation between the SRV Quencher 
and RCIC Suction Strainer 

!Provided under MFN 16-065 

atmospheric 

4. 

k. The RCIC System operates for a period 
of at least 2 hours under conditions of no 
AC power availability and no other 
simultaneous failures, accidents, or other 
design basis conditions. 

I. The RCIC can be started by local 
operation of the RCIC System 
components outside the MCR. 

If a system initiation signal occurs during the 4 . 
full flow test mode, the RCIC System 
automatically aligns to the RPV water 

k. Inspections and nalyses of the as-built 
RCIC and supp rting systems will be 
performed to d termine RCIC capability. 

I. Tests will b conducted locally on RCIC 
System c ponents required for system 
operation 

nducted using simulated 
initiation sig als. 

makeup mode. ADD 
'--------- ---- ----flnspections of the as-built system will be 

performed to obtam piping system 
d1mens1ons and other necessary 
mformat10n. The required NPSH of procured 
pumps will be de ermmect by an 1nspect1on 
of the vendor spec1fica ions 
The analysis will consider he effects of: 

Acceptance Criteria 

3. continued 
j. The available NPSH exceeds the NPSH 

required by the pump. 

required 

Analytically derived values 
for blockage of pump 
suction strainers based 
upon the as-built system. 

k. The RCIC System can operate for a 
period of at least 2 hours under 
conditions of no AC power availability 
and no other simultaneous failures, 
accidents, or other design basis 
conditions. 

I. RCIC System components required for 
system operation can be actuated 
locally. 

4. The RCIC System automatically aligns to 
RPV water makeup mode from test mode 
upon receipt of an initiation signal. 
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25A5675AC Revision 7 

Design Control Document/Tier 2 

Table 1.6-1 Referenced Reports (Continued) 

Tier 2 
Report No. Title Section No. 

NEDC-30851 P-A W. P. Sullivan, 'Technical Specification Improvement Analyses for 19D.6 
BWR Reactor Protection System.", March 1988. 

NEDE-31096-A 

NEDE-31152-P 

NED0-31331 

NEDC-31336 

NEDC-31393 

NED0-31439 

"GE Licensing Topical Report ATWS Response to NRC ATWS Rule 19B.2 
1 OCFR 50.62.", February 1987. 

"GE Bundle Designs.", December 1988. 4.2 

Gerry Burnette, "BWR Owner's Group Emergency Procedure 18A 
Guidelines.", March 1987. 

Julie Leong, "General Electric Instrument Setpoint Methodology.", 7.3 
October 1986. 

"ABWR Containment Horizontal Vent Confirmatory Test, Part I. ", 3B 
March 1987. 

C. VonDamm, "The Nuclear Measurement Analysis & Control Wide 20.3 
Range Neutron Monitoring System (NUMAC-WRNMS).", May 1987 

NEDC-31858P Louis Lee, "BWROG Report for Increasing MSIV Leakage Rate 15.6 
Limits and Elimination of Leakage Control System."7 1991 

NEDE-31906-P A. Chung, "Laguna Verde Unit I Reactor Internals Vibration 7.4 
Measurement,", January 1991 . 

NED0-31960 Glen Watford, "BWR Owners' Group Long-Term Stability Solutions 4.4 
Licensing Methodology""' June 1991 . 

NEDC-32267P "ABWR Project Application Engineering Organization and 17.1 
Procedures Manual.", December 1993. 

NED0-32686-A "Utility Resolution Guide for ECCS Suction Strainer Blockage.", 6C 
October 1998. 

NEDC-32721 P-A "Application Methodology for the General Electric Stacked Disk 6C 
ECCS Suction Strainer. " Rev. 2. March 2003 (using an updated 

NED0-33875 

NEDE-33875P 

head loss correlation) . 

"ABWR US Certified Design Aircraft Impact Assessment. Licensing 19G 
Basis Information and Design Details for Key Design Features." 
Rev. 0. November 2016. 

"ABWR US Certified Design Aircraft Impact Assessment. Licensing 19G 
Basis Information and Design Details for Key Design Features." 
Rev. 2. November 2016. 

ADD: NEDE-33878P, "ABWR ECCS Suction Strainer Evaluation of Long-Term Recirculation 
Capability," Rev. 0, February 2017 (GEH Proprietary Information); NED0-33878, "ABWR ECCS 
Suction Strainer Evaluation of Long-Term Recirculation Capability," Rev. 0, February 2017. 
[Tier 2 Section No.] 6C 

1.6-6 GEH Topical Reports and Other Documents 
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Design Control Document/Tier 2 

[ML 16323A006] 

Experiences related to identified regulatory or industry developed resolutions were eliminated 

to avoid repetition except for selected experiences that have a nuisance potential for 

reoccurring. Lead system engineers classified the more complex experiences. 

"- GEH also reviewed international operating experience related to the ABWR 
rence tot plants built overseas to determine if any design changes were required . 

Recent ABWR plant design, licensing, preoperational and startup 

Feature experiences were also reviewed for applicability to the ABWR Certified 
Design. It was determined that the previously submitted changes for the 

Fine Moti ABWR DCD Certification Renewal addressed the international operating 
experience and there are no additional changes required for the ABWR 

Internal R Certified Design. 

Multiplexing 7A.2 

Digital/Sol id-State Control 7A.7 

AEIEI : Ge~ alsa Fa•~iawael iAleFAaliaAal aJ:laFaliA§ a*J:leFieAsa Fe latael ta !Re ,A,BWR Elesi§A . e*J:leFieAses FelateEI ta tRe ,A,Bl,O,tR liseAsiA§ 
eUeFI iA !Re blK ,,.,.eFe Fe>rie•NeEI faF aJ:1J:1l isal3ilil'i' ta !Re ,A,BWR GeFlifieEI Elesi§A. +Re blK Gffise ef ~l12sleaF Re§12latieAs (G~lR) iss12ael 
Re§12latef)' lss12es (RI) aAel Re§12lataP; Gl3seFYatieAs (RG) as a Fes12lt af tRe blK's GeAeFis gesi§A ,o,ssessFAeAt (GgA) af !Re ,A,BWR El12FiA§ 
blK liseASiA§ Fe•~iew . +Rese Rls aAel RGs weFe S'i'SleFAatisally Fe¥ieweel aAel e•,1al12ateEI 13'.f ,o,9i.o,tR s128jest FAatleF e*J:leFls faF aJ:IJ:llisal3ility te 
!Re ABWR slaAelaFEI Elasi§A. +Re saAsl12siaA af !Ra e>rali:iatiaA is !Rat AaAe af !Re Rls aAel RGs FeEJtliFes a Elasi§A sRaA§e to !Re ABl,CJR 
slaAelaFEI Elesi§A. +Re Rls aAEI RGs arn oitRor 12AiEJ120 le !Re blK liseAsiA§ J:IFOSess, are alroaEl'i' aEIElrosseel iA !Ro ABWR staAElanl Elesi§A , aF 
aFe IRO F06tlll of l:lAiEjtle blK liSOASiA§ FO§tllatiaAS. 

-- ~ ~ J ~ .. - -- -' •-'• .~ 

1.8.4 COL License Information 

1.8.4.1 SRP Deviations 

The SRP sections to be addressed by the COL applicant are indicated in the comments column 

of Table 1.8-19 as " COL Applicant". Where applicable the COL applicant will provide the 

information required by I OCFR50.34(g) similar to Tables 1.8-1 through 1.8-18 (see 

Subsection 1.8.1 ). 

1.8.4.2 Experience Information 

1.8-2 

The experience information to be addressed by the COL applicant are indicated in the comment 

column of Table 1.8-22 as " COL Applicant" (see Subsection 1.8.3). 

Conformance with Standard Review Plan and Applicability of Codes and Standards 
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ADD: Note that RG 1.1 
has been withdrawn 
and replaced by RG 

Table 1.8-20 NRC Regulatory Guides Applicable to ABWR 1.82 Revision 4. 

Appl. Issued ABWR v 
RGNo. Regulatory Guide Tit le Rev. Date Applicable? Comm en~ 

1.1 Net Positive Suction Head for Emergency Core 0 11/70 Yes /?. 
Cooling and Containment Heat Removal 
System Pumps 

1.3 Assumptions Used for Evaluating the Potential 2 6f74 Yes 
Radiological Consequences of a Loss-of-
Coolant Accident for Boiling Water Reactors 

1.4 Assumptions Used for Evaluating the Potential 2 6/74 No PWRonly 
Radiological Consequences of a Loss-of-
Coolant Accident for Pressurized Water 
Reactors 

1.5 Assumptions Used for Evaluating the Potential 0 3f71 Yes 
Radiological Consequences of a Steamline 
Break Accident for Boiling Water Reactors 

1.6 Independence Between Redundant Standby 0 3/71 Yes 
(Onsite) Power Sources and Between Their 
Distribution Systems 

1.7 Control of Combustible Gas Concentrations in 2 11178 Yes 
Containment Following a Loss-of-Coolant 
Accident 

1.8 Personnel Selection and Training - -- - See Table 
17.0-1 

1.9 Selection, Design, Qualification, and Testing of 3 7/93 Yes 
Emergency Diesel-Generator Units Used As 
Class 1 E Onsite Electric Power Systems at 
Nuclear Plants 

1.11 Instrument Lines Penetrating Primary Reactor 0 3/71 Yes 
Containment 

1.12 Instrumentation for Earthquakes 1 4/74 No NA 

1.13 Spent Fuel Storage Facility Design Basis 1 12/75 Yes 

1.14 Reactor Coolant Pump Flywheel Integrity 1 8f75 No PWRonly 

1.16 Reporting of Operating Information -Appendix 4 8f75 - COL 
A Technical Specifications Applicant 

1.20 Comprehensive Vibration Assessment Program 2 5/76 Yes 
for Reactor Internals During Preoperational and 
Initial Startup Testing 

1.21 Measuring, Evaluating and Reporting 1 6174 Yes 
Radioactivity in Solid Wastes and Releases of 
Radioactive Materials in Liquid and Gaseous 
Effluents from Light Water Nuclear Power 
Plants 

Conformance with Standard Review Plan and Applicability of Codes and Standards 1.8-25 

I 
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Table 1.8-20 NRC Regulatory Guides Applicable to ABWR (Continued) 

Appl. Issued ABWR 
RGNo. Regulatory Guide Title Rev. Date Applicable? Comments 

1.77 Assumptions Used for Evaluating a Control Rod 0 5/74 No PWRonly 
Ejection Accident for Pressurized Water 
Reactors 

1.78 Assumptions for Evaluating the Habitability of a 0 6/74 Yes 
Nuclear Power Plant Control Room During a 
Postulated Hazardous Chemical Release 

1.79 Preoperational Testing of Emergency Core 1 9/75 No PWRonly 
Cooling Systems for Pressurized Water 
Reactors 

1.81 Shared Emergency and Shutdown Electric 1 1/75 Yes 
Systems for Multi-Unit Power Plants 10312012 I 

1.82 Water Sources for Long-Term Recirculation @]a -14/.2QQ3 Yes 
Cooling Following Loss-of-Coolant Accident 

1.83 lnservice Inspection of Pressurized Water 1 7175 No PWR only 
Reactor Steam Generator Tubes 

[1 .84 Design and Fabrication Code Case 27 11190 Yes1<1> 

Acceptability, ASME Section /II, Division 1 

1.85 Materials Code Case Acceptabil ity, ASME 27 11/90 Yes 
Section Ill , Division 1 

1.86 Termination of Operating licenses for Nuclear 0 6/74 COL 
Reactors Applicant 

1.87 Guidance for Construction of Class 1 6/75 No 
Components in Elevated-Temperature 
Reactors (Supplement to ASME Section Ill 
Code Cases 1592, 1593, 1594, 1595, and 
1596) 

1.88 Collection, Storage, and Maintenance of Super- See Table 
Nuclear Power Plant Quality Assurance ceded 17.0-1 
Records 

(1 .89 Environmental Qualification of Certain Electric 1 6184 Yes]<2J 

Equipment Important to Safety for Nuclear 
Power Plants 

1.90 lnservice Inspection of Prestressed Concrete 1 8177 COL 
Containment Structures with Grouted Tendons Applicant 

1.91 Evaluations of Explosions Postulated to Occur 2 2/78 Yes 
on Transportation Routes Near Nuclear Power 
Plants 

[1 .92 Combining Modal Responses and Spatial 1 2176 Yes]<1J 
Components in Seismic Response Analysis 

Conformance with Standard Review Plan and Applicability of Codes and Standards 18-29 
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f..Jote: 
Delete 

[ 

Item No. 

3.27 

3.28 

3.29 

3.30 

3.31 

3.32 

3.33 

3.34 

3.35 

3.36 

3.37 

3.38 

3.39 

3.40 

3.41 

3.42 

3.43 

1 

4.1b 

4.1 

4.2 

4.3 

4.4 

4.5 

5.1 

5.2 

5.3 

5.4 

5.5 

Table 1.9-1 Summary of ABWR Standard Plant 
COL License Information (Continued) 

Subject 

Reactor Internals Vibration Analysis, Measurement and 
Inspection Programs 

ASME Class 2 or 3 Quality Group Components with 60-Year 
Design Life 

Pump and Valve Testing Program 

Audits of Design Specifications and Design Reports 

Not Used 

Not Used 

Not Used 

Not Used 

Not Used 

Not Used 

Equipment Qualification 

Dynamic Qualification Report 

Qualification by Experience 

Environmental Qualification Document (EQD) 

Environmental Qualification Records 

Surveillance, Maintenance, and Experience Information 

Radiation Environment Conditions 

r De •gl'l 'or r:cc S.tr m r Qyp~ss 

Reactor Core Seismic and LOCA Structural Acceptance 

Thermal Hydraulic Stability 

Power/Flow Operating Map 

Thermal Limits 

CRD Inspection Program 

CRD and FMCRD Installation and Verification During 
Maintenance 

Leak Detection Monitoring 

Plant Specific ISi/PSi 

Reactor Vessel Water Level Instrumentation 

Fracture Toughness Data 

Materials and Surveillance Capsule 

COL License Information 

Subsection 

3.9.7.1 

3.9.7.2 

3.9.7.3 

3.9.7.4 

3.9.7.5 

3.9.7.6 

3.9.7.7 

3.9.7.8 

3.9.7.9 

3.9.7.10 

3.10.5.1 

3.10.5.2 

3.10.5.3 

3.11 .6.1 

3.11 .6.2 

3.11 .6.3 

31.3.3.1 

2 " 1 

4.2.5.2 

4.3.5.1 

4.4.7.1 

4.4.7.2 

4.5.3.1 

4.6.6.1 

5.2.6.1 

5.2.6.2 

5.2.6.3 

5.3.4.1 

5.3.4.2 

1.9-5 

] 
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Item No. 

5.6 

5.7 

5.8 

5.9 

5.10 

5.11 

6.1 

6.2 

6.3 

6.4 

6.5 

6.5a 

6.6 

6.7 

6.7a 

6.8 

6.9 

6.9a 
Note: 

6.10 
Delete 

6.11 

~ 

7.1 

7.1a 

7.2 

7.3 

7.4 

7.5 

8.1 

8.2 

8.3 

1.9-6 

Subject 

Table 1.9-1 Summary of ABWR Standard Plant 
COL License Information (Continued) 

Plant Specific Pressure-Temperature Information 

Testing of Mainsteam Isolation Valves 

Analyses of 8-hour RCIC Capability 

ACIWA Flow Reduction 

RIP Installation and Verification During Maintenance 

Program for Surveillance and Venting of Accumulated Gases 

Protection Coatings and Organic Materials 

Alternate Hydrogen Control 

Administrative Control Maintaining Containment Isolation 

Suppression Pool Cleanliness 

Wetwell-to-Orywell Vacuum Breaker Protection 

Containment Penetration leakage Test (Type B) 

ECCS Performance Results 

ECCS Testing Requirements 

limiting Break Results 

Toxic Gases 

SGTS Performance 

SGTS Exceeding 90 Hours of Operation per Year 

PSI and ISi Program Plans 

Access Requirement 

EGGS St,1Gti0n StraineF 

Cooling Temperature Profiles for Class 1 E Digital Equipment 

Spent Fuel Pool Level Instruments 

APRM Oscillation Monitoring Logic 

Effects of Station Blackout on HVAC 

Electrostatic Discharge on Exposed Equipment Components 

localized High Heat Spots in Semiconductor Material for 
Computing Devices 

Diesel Generator Reliability 

Periodic Testing of Offsite Equipment 

Procedures When a Reserve or Unit Auxiliary Transformer is 
Out of Service 

Subsection 

5.3.4.3 

5.4.15.1 

5.4.15.2 

5.4.15.3 

5.4.15.4 

5.4.15.5 

6.1.3.1 

6.2.7.1 

6.2.7.2 

6.2.7.3 

6.2.7.4 

6.2.7.5 

6.3.6.1 

6.3.6.2 

6.3.6.3 

6.4.7.1 

6.5.5.1 

6.5.5.2 

6.6.9.1 

6.6.9.2 

~ 

7.3.3.1 

7.5.3.1 

7.6.3.1 

7.8.1 

7.8.2 

7.8.3 

8.1.4.1 

8.2.4.1 

8.2.4 .2 

COL License Information 
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Note: 
Delete 

The thermal-m chanical de ign proce empha ize that: 

(I) h fue l as embl pr ide ub tantial ti ion retention capability during all 
potential op rational mode . 

2) The fue l a mbl pro id ufficient tructural integrity to pre ent operational 
impairment of an reactor afi ty quipm nt. 

he fuel as embl and it component are de igned to ith tand: 

(I) Th predicted thermal pre ure and m chanical intera tion loading o curring 
during tartup te ting, normal operation, and anticipated operational occurrence 

(2) Loading predi ted to occur during handling 

3) In re loading pr di ted to cur from an op rational ba i earthquake o curring 
during normal operating ondition 

perating limit are tabli h d to en ure that actual fu I operation i maintained ithin th fu I 
rod th rma l-mechanical de ign ba e . The e operating limi define th maximum alto able 
fu I p II top rating power le el as a function of fu I pellet e. po ur . Latti local po\ er and 
e po ure capabilitie are applied to tran form the maximum allo.,: able fuel pell t po' er level 
into Ma imum verag Planar Linear H at Generation Rate MAPLHGR limit . 

he detail d de ign base for each of the fuel as em bl dan1ag failure and coo lability criteria 
defin din e tion ILA of Standard Re ie\: Plan 4.2 e, cept control rod reacti ity; e 

ubs ction 4.2.1.2) are pro ided in ction 4B. of Appendi 48. 

fttl 

ft~ ffif: Hl~ ~ BWR re-ttH 

t-lw 1 too gr-eater margitHlt »-Ole B\ R X1~ t jlfflgftutt ~ 

4.2.1.2 Control Rods 

The control rod i de igned to ha e: 

( 1 ufficient mechanical trength to pre ent di plac ment of it reacti ity control 
material 

(2 Sufficient trength to pr ent deformation that could inhibit it motion 

The detailed de ign b for the control rod are pro ided in Appendi 4 

4 2-2 Fuel System Design 
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Delete 

Th approval in Reference 4.2-2 contain the folio ing condition : 

(1) [The /icen elapp/icant mu t provide a plant- pecific anal i of combined ei mic 
and L A loading using NR -approved methodology or another acceptabl method 
to demonstrate conformance to the truclural acceptance requirement de cribed in 
Appendix A of tandard Review Plan ection 4.2. 

(2 The /icen ·elapplicant mu I provide an acceptable po I-irradiation urveillance 
program or endor e the approved GEH fuel urveillance program. 

For /he reference fuel de ign, the ·econd condition i ali ified by the fuel urveillance program 

de cribecl in ection 48.2(3) of Appendix 48 ee al o Reference 4.2-3).( 

4.2.3.2 Control Rods 

4.2.3.2.1 Evaluation Results 

The control rode aluation de cribed in ection 4 . ha e be n completed for the reference 

control rod . he e aluation d mon trate that th criteria of Appendi 4 are ati tied for th 

reference B control rod. 

4.2.4 Testing, Inspection, and Surveillance Plans 

H has an acti e program of sur eillance of fuel , both production and dev lopmental. [The 
R has reviewed the GEH program and appro edit in Reference 4.2-3.( 

4.2.5 COL License Information 

4.2.5.2 Reactor Core Seismic and LOCA Structural Acceptance 

he applicant hall provide the RC a confirmatory plant-specific analysi of the reactor 

cor combined sei mic and LO loading using R -appro ed methodology or another 

acceptable method to demon trate conformance to the structural acceptance requirement 

d ribed in App ndi A of tandard Re i Plan ection 4.2 for the fuel referenced in the 

OL application. Thi anal i \ ill u e as input the ite- pecific ground motion and the fuel 

characteristic of the plant' initial cor load. 

Fuel System Design 4.2· 7 
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(6) The turbin trip throttl al e (part of 002 limit \ itch acti ates\! hen full clo d 
and lo F004 and FO I I . 

(7 High reactor ater level Ce el 8 clo e FOJ7 F012, F045 and, ub quentl , F004 
and FO 11. 1l1i level ignal i ealed in and mu t b manually r set. It v ill 
automati all clear if a lo\ rea tor water le el (Le I 2) reoccur . 

8 High turbine e hau t pr ure lov pump suction pre ur 110% turbin electri al 
o er peed or an i olation ignal actuate the turbin trip logic and clo e the turbine 
trip and throttle val e. When th ignal i cl ared the trip and throttle alve mu t be 

re t from the control room. 

(9) 0 er peed of 125% trip the mechanical trip \! hi h i re et at the turbine. 

I 0 An i olati n ignal cl e F035, F036 FO 8, and oth r al e as noted in Item 6) 
and 8). 

( 11) n initiation ignal open FOO I and F004 FOJ 7, FO 12 and F045 " hen other 
p rm i i e are ati fied tart the glands al tern , and clo es F008 and F009. 

( 12) High- and lo\! -inlet R 
FOSS. 

team line drain pot le el r p cti el op n and lo e 

(13) he combined ignal of lo\: flo\ plu pump di char pre ure open and v ith 
increa d flo clo e FO 11. Al o ee Item (5) 6) and (7). 

5.4.6.2.2 Equipment and Component Description 

5.4.6.2.2.1 Design Conditions 

Operating parameter for the component of th RCI y tern are hown in Figure . The RCIC 

component are: 

( l) ne I 00% capacity turbine and a ce sorie . 

(2) One l 00% capacity pump a embl and acce orie . 

(3) Piping, al e and in trum ntation for: 

(a team uppl t the turbine 

(b) Turbine exhau t to the uppre sion pool 

(c Makeup uppl from the conden at torage tank to the pump uction 

(d) Makeup uppl from the uppre ion pool to the pump suction 

5.4-22 Component and Subsystem Design 
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Pump di charg to th fe d 
flo' b pas line to th 

ADO. Note that RG 1 1 has been 
withdrawn and replaced by information in 

RG 1 82 . but the analysis in Table 5.4-1a ts 
not changed 

at r I in~r"Tl'l~Tl'7'1'"'!'.'l'M"e'rtmT"Tm~nn""'nmlTTT"--..... --e 

ac e or equipm nt 

Th ba i for th de ign ondition i A M B&P od n J 11 
ompon nt . 

Anal i of then t po iti uction h ad P H) a ailable to th R r pump in 
v ith the recommendation of Regulatory Guide l.l i pro ided in abl 5.4-1 a. 

5.4.6.2.2.2 Design Parameters 

e ign paramete for the R tem compon nt are gi en in able 5.4-2. ee Figur for 
cro -referen f component numb r . 

5.4.6.2.3 Applicable Codes and Classifications 

tern c mponent \: ithin th dry'> II including the outer i olation al ar 
de igned in accordance v ith A M ode tion ((! La I ucl ar Po\ er Plant 

omp n nt . Th R I S tern i al ode igned to i mic at gory I. 

1e R y t m compon nt cl ifi at ion and tho for th c nd n at torag tern ar 
g i en in Tabl 3.2-1. 

5.4.6.2.4 System Reliability Considerations 

To as ur that the R I tern' ill operate v h n n ce ar and in time to pre nt inadequat 
or c oling, the p v er t m i taken from reliabl immediate! a ailable 

energy ource . dded as urance i gi en b the capabilit for periodi te ting during talion 
operation. 

E aluation of reliability of the in trumentation for the R IC tern how that no failure of a 
ingle initiating ensor either pre nt or fat el tart the tern. 

ln order to a ure HPCF or RCIC a ailability for the op rational ent noted pre iou ly, 
certain de ign con ideration ar utilized ind ign of both tern . 

(I) Ph ical independence 

Then o tern are located in eparate areas of the rea tor building. Piping runs are 
separated and the\ ater deli ered from each sy tern enter th reactor e el ia 
different nozzles. 

(2 Prime Mo er Di ersity and lndependen e 

Component and Subsystem Design 5.4-23 
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Table 5.4~2 Design Parameters for RCIC System Components (Continued) 

(a 

Pump NPSH requirements are 
satisfied given the strainer design 
methods described in Appendix 6C . 

Component and Subsystem Design 5.4-61 
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.. 

\ at r i dra n from th uppre ion p of pump d through an RHR h at exchang rand 
d Ji red to th uppr ion pool. n I\ o of th loop (B& a portion of the ' at r returned 
to the uppre ion pool ma b pas ed through " l'\J ell pra head . Th tv o loop al o 
ha ea manual featur for pro iding dryv II pra . Water from th R \! S i pumped through 
th h at hang r h II ide toe · hange heat' ith the pro e ed ater. Thr e c oling loop 
ar pro ided a h being me hani all and ele tri all eparate from the other to a hi e 
r dundanc . A piping and in trum ntation diagram P&ID i pro id d in ction 5.4. The 
pro e diagram, in lud ing th proce data i pro ided for all de ign operating mod and 
condition . 

II portion of th mode are de igned to-. ith tand operating load and load resulting 
from natural ph n m na. All operating omponents can bet t d during normal plant op ration 
o that reliability can be as ur d. on truction cod and tandards are co er d in ub ection 

5.4.7. 

he PF m de i automatically initiated from 
mode i tarted manuall or automaticall . he RH R 
pool cooling b the plant operator aft r th reactor 

i!!Tlal or manuall initiated. Th 

y tern mu t b r aligned for uppre ion 
e el ater I vel ha b en r co ered. The 

RHR pump are alread operating. uppre ion po I cooling i initiated in an of the three 
I op b manual I lo ing the P L injection al and opening th pool r turn al e. For 
automati initiation of uppre ion pool ooling, all three RHR loop are initiated. In thee ent 
that a ingle failure has occurred and the action v hich the plant op rator i taking do not 
re ult in tern initiation then the op rator' ill place the other totall redundant t m into 
operation b folio-. ing the sam initiation pro edur . If th operator hoo e to utilize the 
c ntainm nt pra he mu t clo e the LPFL inje tion al e and open the pra al e . The 
dry\ II pra mode ma be initiat d manual! nl afier a high dry\ ell pre ur permi i 
occu . 

Preoperational te t ar p rform d to rify indi idua1 component operation, indi idual logic 
elem nt operation and y tern operation up to the containment pra parger . A ample of th 
parger nozzl i ben h te ted for fl \ rate ersu pre ure drop to e aluat the original 

hydraulic calculati n . Finall , the parger are t ted b air and i uall in pected to erify 
that all nozzl ar clear (see ub ection 5.4. 7.4 for further di cus ion of preoperationa l 
te ing . 

6.2.2.3 Design Evaluation of the Containment Cooling System 

6.2.2.3.1 System Operation and Sequence of Events 

In thee ent of th po tulated A the hort-rerm energ re lea e from the reactor primary 
t m ., ill b dumped ro the uppre ion pool. ub qu nt to the ac ident, fi ion product 

deca heat\ ill r ult in a continuing energy input lo th pool. The RHR PC mode\ ill remo e 
thi energy\ hich i released into the primary containment tern thu re ulting in acceptabl 
uppre ion p ol temp rature and containment pre ure . 

6.2-38 Containment Systems 
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ln order toe aluat the ad quac of th R~~~'!m'-mt'!"Tirmt'm!"l'Tl'l7~"":orm'IP.I'!..-------

(I 

(2 

3) nov as um d a ai lable ar 

OCA occurs. 

ingle failur . 

, and 2 P RHR. 

(4) Containment cooling i initiated a r 30 minute . Thi a con ervati e as umption 
gi n that the RHR tem d · n pro id pool ooling during the LP L mode of 
RHR' hich for a large pip 

Anal i P H) a ailable to th RHR and HP pump in 
pr ided in Tab! 6.2-2b 

Gen ral omplian e for Regulatory Guide 1.26 ma be found in ub ction 3.2.2. 

6.2.2.3.2 Summary of Containment Cooling Analysis 

When calculating the long-tenn po t-L A pool temperature tran ient it i a urned that th 
initial uppre i n pool temp ratur and the RHR er i e water temp rature ar at their 
ma imum alue . Thi a umption maximize th heat sink temperature to\ hich the 
containment heat i r jected and th ma ·imiz the containment temperature. In addition, the 
RHR heat e changeri a um d to b in a full foul d condition at the time the accid nt occurs. 
Thi con er ativel minimize th heat e, chang r heat remo al capacity. E en v ith the 
d graded condition outlined abo , th maximum t mperature i maintained belo the de ign 
limit pecified in ub ction 6.2.2.1. 

It hould be noted that, ' hen valuating thi long-term suppre ion pool tran i nt all heat 
ource in the containment are con idered \ ith no credit taken for an heat lo e other than 

through the RHR heat exchanger. The heat ource are di u d in ub ection 6.2.1.1 . 

It can b con luded that th con rvati aluation procedure de crib d abo e clearly 
demon trate that th RHR tem in the PC mode limits the po t-L A containment 
temp rature tran ient. 

6.2.2.3.3 Severe Accident Considerations 

The containment pra feature o the RHR stem can reduce the amount of radioacti e 
material released to the en ironment in thee ent core damage occur . TI1 benefits pro ided by 
the pra are c nd n ing team, crubbing of fis ion produc in the containment air pace and 
uppl ing ~ ater to , - e el core debri . The condition for activation of th containm nt 
pra are de cribed in the mergen Procedure Guideline in App ndi.J I 8A. 

Containment Systems 6 2-39 
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6.3.1.2.4 Automatic Depressurization System 

he utilize a numb r of th r actor afi ty/r lief al e ( R to reduce reactor pre ur 
during mall break in th ent of HP F fai lure. Wh nth I pr ur i r due d to\ ithin 
th apa i of th IO\\. pr . ur t m th t m pro id in nl ry mak up that 
a ceptable po t-ac ident temp rarure are maintained. 

6.3.2 System Design 

A mored tail d d cription of the indi idual tern including indi idual d ign 
characteri tic of the y tern , i provided in ub ection 6.3.2.1 through 6.3.2.4. 

he follov ino di us i n pro ide detail of the combined t m ; in particular, tho e de ign 
feature and chara t ri ti which are common to all tern . 

6.3.2.1 Schematic Piping and Instrumentation Diagrams 

he P ID for the are identified in ub e tion 6.3 .2.2. The proce diagram which 
identify the ari u op rating mode of each tern are al o identifi din ub tion 6.3.2.2. 

6.3.2.2 Equipment and Component Descriptions 
ADD. Note that RG 1.1 is withdrawn 

The tarting ignal for the come from four indep and replaced by RG 1 82 which 
drywell pre ure and low rea tor' at r I el. The E . recommends AO credit for containment 
no operator acti n during th fir t 0 min folio~ ing the a pressurization during the transient 
of th t m i pro ided in Table 6. -2. 

Electric po er for peration of the 
r gular PO\ r, op ration i from on ite em rgen 
ource hav ufficient capacity o that all E 

EC functional group identified in ub ection 6.3 .1.1.3 I) has it o n die I g nerator 
e tion 8.3 ontain a more detailed de er· tion of the po" er 

Regulatory uide I. l prohibit d ign r liance on pre ure and r temperature tran ient 
e 'pe t d during a L CA for as uring adequate 1P H. The 
Guide ar appli able to the HP F R I and RHR pump . 

The BWR de ign con er ati ely a sume 0 kPaG containment pre ure and maximum 
p ted temperature of th pump d nu id . Thu , nor Lian i pla ed on pr ure and/or 

temperature tran ient to as ure adequate P H. 

Requiremen for P Hare gi en in able 6.2-2c HP ) 5.4-1 a R l ) and 6.2-2b RHR . 

e el pre ure er u tern Ao curve are gi n in Figure 6.3-4 HP F , 6. -5 RCI 
and 6.3-6 (RHR). 
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6C Containment Debris Protection for ECCS Strainers 

6C.1 Background 

NRC Bulletin No. 93-02, " Debris Plugging of Emergency Core Cooling Suction Strainers," 

references NRC guidance and highlights the need to adequately accommodate suppression pool 

debri s in design by focusing on an incident at the Perry Nuclear Plant. Similar concerns were 

later identified throughout the industry and documented by subsequent bulletins and generic 

letters including NRC Bulletin 95-02, NRC Bulletin 96-03, Generic Letter 97-04, and Generic 

Letter 98-04. GEH reviewed the concerns addressed by these bulletins/letters and has 

determined that the ABWR design satisfactorily accommodates suppression pool debri s for a 

number of reasons as discussed in the following: 

The ultimate concern raised by the Perry incident was the deleterious effect of debris in the 

suppression pool and how it could impact the ability to draw water from the suppression pool 

during an accident. To address thi s concern, the ABWR design has committed to fo llowing the 

guidance provided in Regulatory Guide 1.82 as we ll as NED0-32686-A (Utility Resolution 

Guide for ECCS Suction Strainer Blockage), and additional guidance as described below. 

The AB WR is designed to inhibit debri s generated during a LOCA from preventing operation 

of the Residual Heat Removal (RHR), Reactor Core Isolation Cooling (RCIC) and High 

Pressure Core Flooder (HPCF) systems. 

6C.2 ABWR Mitigating Features 

The AB WR has substantially reduced the amount of piping in the drywell relative to earlier 

designs and consequently the quantity of insulation required. Furthermore, there is no 

equipment in the wetwell spaces that requires insulation or other fibrous materials. The ABWR 

design conforms with the guidance provided by the NRC for maintaining the ability for long

term recirculation cooling of the reactor and containment following a LOCA. 

The Perry incident was not the result of a LOCA but rather debris entering the Suppression Pool 

during normal operation . The arrangement of the drywell and wetwel l/wetwell airspace on a 

Mark Ill containment (Perry) is significantly different from that utilized in the ABWR design. 

In the Mark III containment, the areas above the suppression pool water surface (wetwell 

airspace) are substantially covered by grating with significant quantities of equipment installed 

in these areas. Access to the wetwell airspace (containment) of a Mark I I I is allowed during 

power operations. In contrast, on the ABWR the only connections to the suppression pool are 

the I 0 drywell connecting vents (DC Vs), and access to the wetwell or drywe ll during power 

operations is prohibited. The DC Vs will have horizontal steel plates located above the openings 

that will prevent any material falling in the drywell from directly entering the vertical leg of the 

DCVs. This arrangement is similar to that used with the Mark II connecting vent pipes. 

Vertically oriented trash rack construction will be installed around the periphery of the 

horizontal steel plate to intercept debris . The trash rack design shall allow for adequate flow 

Containment Debris Protection for ECCS Strainers 6C-1 
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from the drywell to wetwell. In order for debris to enter the DCV it would have to travel 

horizontally through the trash rack prior to falling into the vertical leg of the connecting vents . 

Thus the ABWR is resistant to the transport of debris from the drywell to the wetwell. 

In the Perry incident, the insulation material acted as a septa to fi lter suspended solids from the 

suppression pool water. The Mark I, 11 , and Ill containments have all used carbon steel in their 

suppression pool liners . This results in the buildup of corrosion products in the suppression pool 

which settle out at the bottom of the pool until they are stirred up and re-suspended in the water 

following some event (SRV lifting). In contrast, the ABWR liner of the suppression pool is 

fabricated from stainless steel which significantly lowers the amount of corrosion products 

which can accumulate at the bottom of the pool. 

A fu1ther mitigating feature for the ABWR is that the insulation installed on the ASME Section 

Il l, Class I piping greater than 80 mm in the drywell, i.e., the large bore piping, is reflective 

metal type (RMI). Use of RMI minimizes the fibrous insulation source term from the upper 

drywell used in the suction strainer design. This use of RMI is a significant factor in design that 

reduces the potential suction strainer debris load and further reduces the potential for suction 

strainer clogging. 

Since the debris in the Perry incident was created by roughing filters on the containment cooling 

units a comparison of the key design features of the ABWR is necessary. In the Mark Ill design 

more than I /2 of the containment cooling units are effectively located in the wetwell airspace. 

For the ABWR there are no cooling fan units in the wetwell air space. Furthermore the design 

of the ABWR Drywell Cooling Systems does not utilize roughing filters on the intake of the 

containment cooling units during plant operation. 

In the event debris enters the suppression pool and does not settle on the pool bottom, the 

Suppression Pool Cleanup System (SPCU) wi ll remove the suspended debris during normal 

plant and SPCU operation. The SPCU is described in Section 9.5.9 and shown in Figure 9.5-1 . 

~l-N_S_E_R_T_6_C--1~ The SPCU is designed to provide a continuous cleanup flow of250 m3/h. This flow rate is 

sufficiently large to effectively maintain the suppression pool water at the required purity. The 

SPCU system is intended for continuous operation and the suction pressure of the pump is 

monitored and an alarm is provided on low pressure. Early indication of any deterioration of 

6C-2 

the suppression pool water quality will be provided if significant quantities of debris were to 

enter the suppression pool and cause the strainer to become plugged resulting in a low suction 

pressure alarm . 

The ABWR design also has additional features not utilized in earlier designs that could be used 

in the highly improbable event that all suppression pool suction strainers were to become 

plugged. The alternate Alternating Current independent water addition (ACIWA) mode of 

RHR allows water from the Fire Protection System to be pumped to the vessel and sprayed in 

the wetwell and drywell from diverse water sources to maintain cooling of the fuel and 

containment. The wetwell can also be vented at low pressures to assist in cooling the 

containment. 

Containment Debris Protection for EGGS Strainers 
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The suction strainers design at Perry preceded and did not meet the current regulatory 
requirements . The ABWR ECCS suction strainers are patented GE optimized 
stacked disk design in accordance with NEDC-32721 P-A Rev.2. This strainer design 
was developed in response to NRC Bulletin 96-03 as a replacement of existing ECCS 
strainers with a large capacity passive strainer design. This strainer design utilizes disks 
whose internal radius and thickness vary over the height of the strainer. The selected 
variation in these parameters achieves an increased surface area compared to existing 
strainers of the same size to provide a higher capacity for debris capture. The ABWR 
strainer will perform with a minimum head loss for the range of possible amounts of 
debris while fitting in the required volume. To avoid debris clogging the flow restrictions 
downstream of the strainers, the size of the holes in the perforated sheets is chosen by 
considering specific flow paths of ECCS equipment and piping (for example, the 
containment spray nozzle and the ECCS pump seal cooling flow orifices). The strainers 
will have holes no larger than 3.175 mm (0.125 inch). 
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6C.3 Design Considerations 

GC.3.1 RG 1.82 Improvement 

All ECCS strainers wi ll at a minimum be sized to conform with the guidance provided in Reg 

Guide 1.82 for the most severe of all postulated breaks. 

The following clarifying assumptions will also be applied and will take precedence : 

(I) The debris generation model shall be eonsistent with Methods 1, 2, or 3 froni. the zone 

of influenee approaeh inutilizes spherical zones of influence CZOJ) in accordance 

with the Utility Resolution Guidance. Reference 6C-3. 

(2) Of the debris generated, the amount that is transported to the suppression pool shall 

be determined in accordance with Reference 6C-3 based on simi larity of the Mark Ill 

upper drywell design. This approach is conservative due to the ABWR containment 

improvements over the Mark Ill as discussed in Section 6C.2. 

(3) The debris in the suppression pool will be assumed to remain suspended until it is 

captured on the surface of a strainer. 

Suction Strainer sizing is based on satisfying NP H requirements at runout flow, plus n1argin, 

with the design basis debris in the suppress ion pool accumulated on the suction strainers. 

The sizi ng of the suction strainers assumes that the insulation debris in the suppression pool is 

proportionally distributed to the pump suctions based on the maximum debris load fraction 

assuming flow rates of the operating systems at limiting runout conditions. The strainers 

assumed available for capturing insulation debris for the limiting design condition are tweone 

RHR suetion strainers and a singleloop. one HPCF loop. and the& RCIC systemsuetion 

strainer. 

GC.3.2 Chemical Effects 

The ehefflieal effeets of the post LOCA em·ironffient on debris shall be evaluated to assess the 

extent to whieh ehefflieal reaetion produets eontribute to bloekage of the EGGS strainers . The 

evaluation shall be subfflitted by the COL Applieant and shall deffionstrate that the effeets of 

ehefflieal reaetion produets froffl post LOCA debris shall not prevent long terffi eooling of the 

eore (COL 6.12).The AB WR design has been reviewed for the potential generation of chemical 

precipitates which may contribute to strainer head loss following a LOCA. In general. the 

ABWR design features preclude the materials and environmental conditions which are most 

problematic for generation of chemical precipitate debris that may contribute to blockage and 

head loss. 

The primary containment will not contain reactive materials such as aluminum. phosphates. or 

calcium silicate. and minimizes zinc bv prohibiting it except for a small amount in galvanized 

steel and inorganic primers. Inorganic zinc primers are top coated with an epoxy layer that 

Containment Debris Protection for ECCS Strainers 6C-3 



NEDE-33878P, ABWR ECCS Suction Strainer Evaluation of Long-Term Recirculation Capability, Rev. 0, (Reference 6C-5) 
evaluated the impact of debris downstream of the ECCS strainers causing blockage or wear and abrasion. The three areas 
of concern evaluated are (1) blockage of system flow paths at narrow flow passages (e.g.ECCS sparger spray nozzles), (2) 
wear and abrasion of surfaces (e.g., pump running surfaces and heat exchanger tubes and orifices, and (3) blockage of 
flow paths through fuel assemblies. 
This assessment concludes that ECCS flow paths and components downstream of the strainers, including fuel assemblies, are not 
suscept ible to failure from debris blockage, particulate ingestion, abrasive effects and long term degradation and can perform 
required safety functions during the required mission time. 

revents ex osure to the LOCA environ ent. Coatin s are ualified as described in 
Subsection 6.1.2. The debris load descr bed in Table 6C- l accounts for coatinas that are 
destroyed during a LOCA. 

6C.3.3 Downstream Effects 

to the fu e 1 ass em b 1 i es .1ffifte-e¥t:HttEttti:ttt-5flflth~Stttmttffi~w-ffi€:--Bl::fi:,..-A-ee-1-t€i:tflt-ttfltl-5rfiftH--
d e1'1'10 A strate that the effeets of debris bypass of the straiAer shall Rot preveAt loAg term cooling 
of the core (COL 6.12). The ABWR design includes several mitigating features that reduce the 
likelihood of such adverse debris interactions. These include: 

• Minimal opportunity for debris generation in the wetwell. High energv breaks are restricted 
to the drywell, and debris generated there must pass through trash racks and 
vertical/horizontal vents before reaching the suppression pool. 

• Diverse ECCS delivery locations. which include injection both inside and outside the core 
shroud. 

• Bypass flow paths which exist around the debris filters of the fuel assemblies. 

• The Suppression Pool Cleanup System will minimize the quantity of latent debris in the 
suppression pool. A suppression pool cleanliness program will be developed 
(Subsection 6.2. 7.3) to minimize the guantitv of latent debris. 

• The suction strainers themselves. which capture anv particles greater than the hole size of 
the perforated strainer plates. 

6C.4 Discussion Summary 

In summary, the AB WR design includes the necessary provisions to prevent debris from 
impairing the ability of the RCIC, HPCF, and RHR systems to perform their required post
accident functions. Specifically, the ABWR design does the following: 

( 1) The design is resistant to the transport of debris to the suppression pool. 

6C-4 Containment Debris Protection for ECCS Strainers 
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(2) The suppression pool liner is stain less steel, which significantly reduces corrosion 

products. 

(3) Plant Housekeeping and Foreign Material Exclusion (F ME) procedures assure pool 

cleanliness prior to plant operation and over plant life such that no sign ificant debri s 

are present in the suppression pool. 

(4) Periodic SPCU operation maintains suppression pool c leanliness. Low SPCU pump 

suction pressure can provide early indication of debris present in the suppression pool 

and permit the plant operator to take appropriate corrective action. 

(5) The equipment installed in the drywell and wetwell minimize the potential for 

generation of debri s. 

(6) The ECCS suction strainers meet the current regulatory requirements. 

6C.5 Strainer Sizing Analysis Summary 

A preliminary analysis was performed to assure that the above requirements could be satisfied 

using strainers compatible with the suppression pool design as shown by Figure l.2- l 3i. 

Each loop of an ECCS system utilizes a single stacked disk suction strainer. The strainer design 

conforms to the methodology defined in Reference 6C-4. The strainer has a central core of 

varying radius such that the flow through the entire central region is maintained at constant 

velocity. The constant velocity core minimizes head loss where velocities are the greatest. A 

number of perforated disks of varying internal diameter and whose thickness may vary with 

radius surround the central core. 

A II of the debris is assumed to deposit on the strainers. The debris load is characterized by the 

methods in Reference 6C-3. and quantities are summarized in Table 6C- l. The distribution of 

debris volume to the strainer regions was determined as a fraction of the proportional loop flow 

splits. The strainer sizing is calculated based on the strainer flow rate and debris load. The head 

loss is calculated by a method based upon Reference 6C-4 which uses empirical correlations to 

test data. The methodology considers losses through a clean strainer and factors in the effects 

of the debris bed taking into account the thickness of the bed, and the type of debris (fiber, RM I, 

sludge, etc.). Consideration is given to whether the quantity of debris is sufficient to fullv engulf 

the gaps between the strainer disks, as this has an influence on the head loss correlation. 

Bv making realistic assumptions, the following additional conservatisms are likely to occur, but 

they were not applied in the analysis. No credit in water inventory was taken for water additions 

from feedwater flow or flow from the condensate storage tank as injected by RCIC or HPCF. 

Also, for the long term cooling condition. when suppression pool cooling is used instead of the 

low pressure flooder mode (LPFL), the RHR flow rate decreases from runout ( 1130 m3/h) to 

rated flow (954 m3/h), which reduces the pressure drop across the debris. 

Containment Debris Protection for EGGS Strainers 6C-5 
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6C.6 COL License Information 

GC.6.1 Dehris EvalwatieA fer EGGS SwstieA StraiAerDeleted 

AA eYaluatioA shall be submitted by the COL ApplieaAt that demoAstrates that ehemieal effeets 
aAd the effeet of debris bypass ofthe straiAers does AOt preveAt loAg term eooliAg of the eore 
(COL 6.12) . The evaluation shall be based on the researeh and reeoA1meHdations of the BWR 
OwAer's Group GSI 19 1 eommittee. 

6C. 7 References 

6.C-1 Debris Plugging of Emergency Core Cooling Suction Strainers, USN RC Bulletin 

No. 93-02, May 11 , 1993 . 

6.C-2 Water Sources for Long-Term Recirculation Cooling Following a Loss-of-Coolant 

Accident, USNRC Reg. Guide 1.82 Rev. ; _4. 

Utility Resolution Guidance for ECCS Suction Strainer Blockage, NED0-32686-A, 

October, 1998. 

Application Methodology for the General Electric Stacked Disk ECCS Suction 

Strainer, NEDC-32721 P-A, March 2003 (using an updated head loss correlation). 

Add : 6C-5 NEDE-33878P, "ABWR ECCS Suction Strainer Evaluation of Long-Term 
Recirculation Capability," Rev. 0, February 2017 (GEH Proprietary Information); NED0-33878, 
"ABWR ECCS Suction Strainer Evaluation of Long-Term Recirculation Capability," Rev. 0, 
February 2017. · 
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Table 6C-1 ECCS Strainer Debris Load 

Debris T)i'.ge Strainer Load 

Sludge I corrosion grod. 90. 7 kg (200 lbm) 

Inorganic Zinc (IOZ) 21 .3 kg (47 lbm) 

EQOXJ'. Coated IOZ 38.6 kg (85 lbm) 

Rust Flakes 22.7 kg (50 lbm) 

Dust I Dirt 68.0 kg (150 lbm) 

Reflective Metal Insulation 35.8 m2 (385 tt21 

Nukon Fiber Insulation 23.4 kg (51 .6 lbm) 

Containment Debris Protection for EGGS Strainers 6C-7 
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(d) Proper operation of RC IS software, including verification of gang rod selection 

and verification logic, rod withdrawal sequence restrictions, rod worth 

minimizer, and banked position reference rod pull sequence functions 

(e) Proper communication with interfacing systems such as the power generation 

control system, the automatic power regulator, and the automatic rod block 

monitor 

(f) Proper operation of automated thermal I im it monitor (A TLM) to generate a rod 

block signal based on LPRM and control rod position input data that simulate 

a condition of fuel operating thermal limits violation 

(g) Capability ofRCIS continued operation under the condition with different 

subsystems of RCIS being bypassed 

(h) Proper functioning of the RCIS bypass interlock logic to preclude a bypass 

state that could render the RClS inoperational as specified in the appropriate 

design documents 

(i) Proper operation of single-failure design feature of the RC IS by verifying that 

the RCIS is capable of continued operation with one channel disabled, that one 

channel can cause a rod block, and that two channels must be in agreement to 

cause normal RCIS functioning of control rod movements 

14.2.12.1.8 Residual Heat Removal System Preoperational Test 

NOTE: Remove 
validation of 
50% clogged 
strainer 
requirement 

14.2-24 

( I) Purpose 

To verify the proper operation of the Residual Heat Removal (RHR) System under 

its various modes of operation: core cooling, shutdown cooling, wetwell and drywell 

spray, suppression pool cooling, and supplemental fuel pool cooling. 

(2) Prerequisites 

The construction tests have been successfully completed, and the SCG has reviewed 

the test procedure and approved the initiation of testing. The reactor vessel shall be 

intact and capable of receiving injection flow from the various modes of RHR. 

Reactor Building Cooling Water System, Instrument Air System, Fuel Pool Cooling 

and Cleanup System, Leak Detection System, RCIC System, Suppression Pool 

Water System, Nuclear Boiler System, Process Computer System, E lectric Power 

Distribution System, Process Computer System and other required interfacing 

systems shall be available, as needed to su ort the s ecified testin and the 

appropriate system configurations. Additionally, RHR puffip s1:1etioAliAe shall ee 

iAstalled with a 50% plugged temporary strainer throughout tke test. Also, the 

suppression pool water shall be of a quality acceptable prior to injection testing with 

fl ow fro m the suppression pool to the reactor. 

Specific Information to be Included in Final Safety Analysis Reports 
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14.2.12.1.10 High Pressure Core Flooder System Preoperational Test 

NOTE: Remove 
validation of 
50% clogged 
strainer 
requirement 

(I) Purpose 

To verify the operation of the High Pressure Core Flooder (HPCF) System, including 
related auxiliary equipment, pumps, valves, instrumentation and control , is as 
specified. 

(2) Prerequisites 

The construction tests have been successfully completed, and the SCG has reviewed 
the test proce ure and approved the initiation of testing. A teffi130raf)' straiAer shall 

be ii~stalled with 50% plugged iR the f3UA'lf3 suetieA through01:1t this test. The 
,___ ___ s_L_tp-pression pool and condensate storage tank shall be available as RPCF pump 

suction sources and the reactor vessel shall be sufficiently intact to receive HPCF 
injection flow. The Instrument Air System, Makeup Water Condensate System, 
Residual Heat Removal System, Remote Shutdown System, Reactor Building 
Cooling Water System, and appropriate electrical power sources shall be avai lable as 
needed, to support the specified testing and the appropriate system configurations. 

(3) General Test Methods and Acceptance Criteria 

Performance shall be observed and recorded during a series of individual component 
and integrated system tests. This test shal l demonstrate that the HPCF System 
operates properly as specified by Subsections 6.3 .2.2.1 and 7.3 .1.1.1 .1 and 

applicable HPCF System design specification through the following testing: 

(a) Correct implementation and operation of the HPCF System software-based 
controls and instrumentation. This test shall check the system behavior against 
the functional , performance and interface requirements as specified by the 
appropriate design documents and the Hardware/Software System 
Specification (HSSS). 

(b) Verification of various component alarms for proper alarm actuation by 
practically operating the detector of the alarm generating source or using the 
simulated signal and alarm reset. 

(c) Proper operation of all motor-operated valves including opening and closing 
with the operating switch, valve status indication and travel timing, if 
applicable. 

(d) Proper operation of HPCF pumps and motors during continuous run tests . 

(e) Acceptable pump NPSH under the most limiting design flow conditions. 

Specific Information to be Included in Final Safety Analysis Reports 14.2-29 
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Safety Issues Index (Continued) 

Title 

105 Interfacing Systems LOCA at BWRs 

106 Piping and Use of Highly Combustible Gases in Vital 
Areas 

118 Tendon Anchorage Failure 

124 Auxiliary Feedwater System Reliability 

128 Electrical Power Reliability 

142 Leakage Through Electrical Isolators in Instrumentation 
Circuits 

143 Availability of Chilled Water Systems 

145 Actions to Reduce Common Cause Failures 

153 Loss of Essential Service Water in LWRs 

155.1 More Realistic Source Term Assumptions 

( !Add Insert 9 

Human Factors Issues 

HF.1 .1 Shift Staffing 

HF.4.4 Guidelines for Upgrading Other Procedures 

HF.5.1 Local Control Stations 

HF.5.2 Review Criteria for Human Factors Aspects of Advanced 
Controls and Instrumentation 

Issues Resolved With No New Requirements 

A-17 Systems Interaction in Nuclear Power Plants 

A-29 Nuclear Power Plant Design for Reduction of Vulnerability 
to Industrial Sabotage 

B-5 Ductility of Two-Way Slabs and Shells and Buckling 
Behavior of Steel Containments 

C-8 Main Steamline Leakage Control Systems 

29 Bolting Degradation or Failure in Nuclear Power Plants 

82 Beyond Design Basis Accidents in Spent-Fuel Pools 

113 Dynamic Qual ification Testing of Large Bore Hydraulic 
Snubbers 

Resolution of Applicable Unresolved Safety Issues and Generic Safety Issues 

NRC 
Priority 

High 

Medium 

Resolved 

Resolved 

Resolved 

Medium 

High 

Resolved 

High 

Resolved 

Resolved 

High 

High 

High 

Resolved 

Resolved 

Resolved 

Resolved 

Resolved 

Resolved 

Resolved 

Tier 2 
Subsection 

19B.2.45 
COL App. 

19B.2.46 

19B.2.48 

19B.2.51 

19B.2.52 

19B.2.53 

19B.2.54 

19B.2.55 
COL App. 

19B.2.57 
COL App. 

19B.2.58 

18.8.2 

18.8.1 
18E.1 . 7 

18.8.11 

18.8.9 

19B.2.59 

19B.2.60 
COL App. 

19B.2.61 

19B.2.61 .1 

19B.2.62 

19B.2.63 

19B.2.64 

198-3 
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Title NRC Tier 2 
Priority Subsection 

New Generic Issues 

186 Potential Risk and Consequences of Heavy TBD 19B.2.74 
Load Drops in Nuclear Power Plants 

189 Susceptibility of Ice Condenser and Mark TBD 19B.2.75 
Ill Containments to Early Failure from 
Hydrogen Combustion during a Severe 
Accident 

191 Assessment of Debris Accumulation on TBD 19B.2.76 
PWR Sump Performance 

193 BWR ECCS Suction Concerns TBD 19B.2.77 
Tier 1 

Table 2.4 .1 
Item 4c, 
Table 2.4.2 
Item 3g, 

Table 2.4 .4 
Item 3j 

199 Implications of Updated Probabilistic TBD 19B.2.78 
Seismic Hazard Estimates in Central and COL App. Items 
Eastern Un ited States for Existing Plants 2.3.1.2 and 

2.3.2.22. 
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(Figures 12.3-56 through 12.3-73) as well as the specific area radiation channels for each 

building, the detector map location, the channel sensitivity range, and the local alarm areas 

(Tables 12.3-3 through 12.3-7). 

References 
198.2.72- 1 NUREG-0660, "NRC Action Plan Developed as a Result of the TMl-2 

Accident", U.S. NRC, May 1980. 

198.2.72-2 NUREG-0737, '·Clarification ofTMI Action Plan Requirements", U.S. NRC, 

November 1980. 

198.2.73 111.D.3.3(2): Set Criteria Requiring Licensees to Evaluate Need for Additional 
Survey Equipment 

Issue 
NUREG-0660 (Reference 198.2. 73-1) is a guideline to improve nuclear power plant worker 

radiation protection to allow workers to take effective action to control the course and 

consequences of an accident, as well as to keep exposures as low as reasonably achievable 

(A LARA) during normal operation and accidents. 

Acceptance Criteria 
This issue required the NRR to set criteria requiring licensees to evaluate in their plants the need 

for additional survey equipment and radiation monitors in vital areas and requiring, as 

necessary, installation of area monitors with remote readout. The NRR evaluated the need to 

specify the minimum types and quantities of portable monitoring instrumentation, including 

very high dose rate survey instruments. Operating reactors were reviewed for conformance with 

Standard Review Plan (SRP) Section 12.3.4, "Area Radiation and Airborne Radioactivity 

Monitoring Instrumentation". The NRR revised the SRP Sections 12.5 and 12.3.4 to 

incorporate additional monitor requirement criteria. 

Resolution 
Item fl l.D.3.3(2) which concerns licensees evaluate the need for additional radiation survey 

equipment is resolved in Subsection 12.3.4. This item also concerned the need to specify the 

minimum types and quantities of portable monitoring instrumentation, including very high dose 

rate survey instruments. As noted in Subsections 12.5 .2, 19A.2.39 and I 9A.3.5, COL applicants 

will provide the portable instruments in operating reactors that accurately measure radio-iodine 

concentration in plant areas under accident conditions. 

References 
198.2.73-1 NUREG-0660, "NRC Action Plan Developed as a Result of the TMl-2 

Accident", U.S. NRC, May 1980. 

198.2.73-2 NUREG-0737, "Clarification ofTMI Action Plan Requirements", U.S. NRC, 

November 1980. 

< ~pn_s_e_rt_1_0~~~~ 
Resolution of Applicable Unresolved Safety Issues and Generic Safety Issues 198-119 
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198.2. 76 191: Assessment of Debris Accumulation on PWR Sump Performance 

A study was deemed to be required to detennine whether PWR ECCS sumps are adequate 
to ensure proper ECCS operation. Based on the existence of an action plan to address the 
safety concerns, the issue was considered nearly-resolved in September 1996. It was later 
given a HIGH priority ranking in SECY-98-166. 

The staff's Technical Assessment concluded that GSI-191 was a credible concern for the 
population of domestic PWRs, and that detailed plant-specific evaluations were needed to 
determine the susceptibility of each U.S.-licensed PWR to ECCS sump blockage. 

Acceptance Criteria 
Not applicable. Issue does not apply to ABWRs. 

Resolution 
This issue is specific to PWRs. GSI 193 addresses BWR ECCS Suction Concerns 

Therefore, Issue 191 is resolved for ABWR. 

References 
198.2.76-1 NUREG-0933 , "A Prioritization of Generic Safety Issues (with Supplements 

1-34)," U.S. NRC, June 2016. 

198.2.77193: 8WR ECCS Suction Concerns 

Issue 

This issue addressed the possible failure of low pressure emergency core cooling systems 
due to unanticipated, large quantities of entrained gas in the suction piping from suppression 
pools in BWR Mark I containments. 

The swell/exclusion zone in the BWR Mark I torus after a LOCA is considered to be limited 
to less than one diameter of the down-comer pipe. The ABWR Containment is not as 
limiting as the Mark I and therefore this condition may not be present in the ABWR. 

Acceptance Criteria 
Not applicable. The ABWR containment differs from the Mark I Containment and the arrangement 
of the horizontal vents alleviates the problem identified for the Mark I Containment Downcomers. This 
issue is resolved for ABWR renewal application. 

Resolution 
For containment suppression pool LOCA analyses, an NRC SER for two GE topical reports 
(NED0-30832 and NEDO- 31695-A) accepts the elimination of suppression pool local 
temperature limits with the proviso that the ECCS suction strainer inlet be below the 
quencher outlet. If this is not the case for a specific installation, the new strainers may need 
to be evaluated for the potential effect of air and or steam ingestion from an SRV quencher 
into the strainer as this could potentially affect ECCS pump/system performance. 
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Editorial Note: Replace the original text in MFN 16-065, 
Enclosure 2, Insert 10 with the following : 

198.2.77 193: BWR ECCS Suction Concerns 

Issue 

This issue addressed the possible failure of low pressure emergency core cooling 
systems due to unanticipated, large quantities of entrained gas in the suction piping 
from suppression pools in BWR Mark I containments. 

The swell/exclusion zone in the BWR Mark I torus after a LOCA is considered to 
be limited to less than one diameter of the down-comer pipe. The ABWR 
Containment is not as limiting as the Mark I and therefore this condition may is not 
be present in the ABWR. 

Acceptance Criteria 
Not applicable. The ABWR containment differs from the Mark I Containment and the 
arrangement of the horizontal vents alleviates the problem identified for the Mark I 
Containment Down-comers. Additionally, there is sufficient distance in the ABWR Design 
between the SRV Discharge Quencher and the ECCS suction filters to prevent steam 
ingestion into the ECCS Suction Piping (Figure l.2-13i). This issue is resolved for 
ABWR renewal application. 

Resolution 
For containment suppression pool LOCA analyses, an NRG SER for t\vo GE topical 
reports (NEDO 30832 and NEDO 31695 A) accepts the elimination of suppression 
pool local temperature limits with the proviso that the EGGS suction strainer inlet be 
below the quencher outlet. 

Horizontal vent full scale testing for Mark III containments (Reference 19B.2.77-2) 
showed that the bubbles formed following vent clearing do not reach the 
containment outside wall during pool swell. 

There is also sufficient distance between SRV Discharge Quencher and the ECCS 
suction filters to prevent steam ingestion into the ECCS Suction Piping (Figure l .2-l 3i). 

Tier I , Tables 2.4.1 , 2.4.2 and 2.4.4 (IT AAC) include a requirement for the 
respective ECCS pump suction Strainer for a verification of adequate vertical and 
horizontal separation between the ECCS suction strainer and the SRV quencher to 
prevent the potential effect of air and or steam ingestion. The acceptance criterion is 
based on Figure l.2-13i. 

Therefore, Issue 193 is resolved for ABWR with the addition of the IT AA Cs for 
verification of the distances in the as-built conditions. actions identified for the COL 
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Holder. 
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Figure 5.4-9 Reactor Core Isolation Cooling System PFD (Sheet 1 of 2) 
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Figure 6.3-1 High Pressure Core Flooder System PFD (Sheet 1 of 2) 
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