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Dear Document Control Desk, 

In regards to the Request for Additional Information (RAI) 06.03-2 transmitted in Reference 1, and 
the original GEH response to RAI 06.03-2 submitted in Reference 2, please find a revised 
response in Enclosure 1. Enclosure 2 contains the associated revised ABWR Design Control 
Document (DCD), Revision 6, markups, which are proposed for including in DCD Revision 7. 

This revised response addresses NRC feedback in public teleconferences held on April 6, 2016, 
November 15, 2016, and November 30, 2016. The response also discusses certain engineering 
supporting documents that are available for NRC audit, as necessary, for completing its review of 
the RAI response for the ABWR design certification renewal application. 

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

Sincerely, 

Jerald G. Head 
Senior Vice President, Regulatory Affairs 
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Commitments: 

Except that the ABWR DCD will be updated as described in the RAI response for the ongoing 
NRG review of the ABWR design certification renewal application, no additional commitments are 
made in this RAI response. 

References: 

1. Letter from USN RC to Jerald G. Head, GEH, Subject: Request for Additional Information 
Letter Number 8 Related to Chapter 6 For GE-Hitachi Nuclear Energy Advanced Boiling
Water Reactor Design Certification Rule Renewal Application, December 15, 2015. 

2. Letter from Jerald G. Head, GEH, to USN RC, Subject: Request for Additional Information 
Letter Number 8 Related to Chapter 6 For GE-Hitachi Nuclear Energy Advanced Boiling
Water Reactor Design Certification Rule Renewal Application - GEH Response to RAI 
06.03-2, May 27, 2016. 

Enclosures: 

1. GEH Revised Response to RAI 06.03-2. 
2. GEH Revised Response to RAI 06.03-2 - ABWR Design Control Document (Revision 6) 

Markups. 

cc: Adrian Muniz, NRC 
DBR-0019200/004N0166 
DBR-0024356 
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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 to address 
information discussed in public teleconferences held on April 6, 2016, November 15, 2016, and 
November 30, 2016. The RAI is repeated below and the revised 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 staff's 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 staff's 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 information. Staff requests GEH provide the analysis documenting the 
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implementation of this guidance be made available for staff audit and the summary of 
the inputs methods and results be placed on the docket. 

B. 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 1 O CFR 
50.46(b)(5). 

1. There is currently a limited understanding of chemical precipitation under the anticipated · 
range of post-Joss-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 loss 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 1 OD zone of influence of a piping system break 

location 
iii. Qualified and epoxy top coated within 4D 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 loss of coolant accident. Include the timing of the Standby Liquid Control 
System initiation. In 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). 

C. Downstream Effects 

1. Similar to question A.2 above, staff needs an in-vessel design basis debris load in the 



MFN 16-034, Revision 1 
Enclosure 1 Page 3of13 

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 AB WR-specific acceptance criteria it relied upon in evaluating the 
test and/or analysis results. 

GEH Revjsed Response to RA! 06.03-2: 

This response addresses the questions above and is updated to address discussions with and 
feedback provided during three public teleconferences held on April 6, November 15, and Nov 
30, 2016. This revised response supersedes the original response provided in GEH letter number 
MFN-16-034 (NRC ADAMS Accession Number ML 16148A103). 

This revised response addresses a clarification related to NEDC-32721 P-A (Revision 2, March 
2003), "Application Methodology for the General Electric Stacked Disk ECCS Suction Strainer," 
and removes the discussion regarding NEDC-33608-P (Revision 2, January 2011), "Boiling Water 
Reactor Emergency Core Cooling Suction Strainer In-Vessel Downstream Effects." The 
clarification recognizes that an updated head loss correlation is used to address an issue 
previously identified and reported to the NRC. 

Regarding NEDC-33608-P, the BWR Owners' Group had requested NRC review and approval, 
but has recently withdrawn this Topical Report (NRC ADAMS Accession Number ML 16295A336). 
On that basis, GEH removes the discussion that included reference to this report. The content 
and substance of this RAI response is not impacted directly by withdrawal of this report because 
the downstream effects are addressed in this response below. 

This response is developed using guidance in the topical reports, as well as guidance in 
Regulatory Guide (RG) 1.82 (Revisions 3 and 4). In 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 this 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 (ML031010392). 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 
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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. 

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. 

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 strainers 
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 31113-0E22-2106 Rev. 0. 
The NPSH for the ABWR RCIC pump was assessed in accordance with RG 1.82 under 
calculation 31113-0E51-2121 Rev. 0. 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 

Pump DCD Reference for NPSH Required NPSH Available 
Calculations 

RCIC Table 5.4-1 a 7.3m 7.65m 
Pumps 

RHR Table 6.2-2b 2.4m 2.75m 
Pumps 

HPCF Table 6.2-2c 2.2m 2.55m 
Pumps 

2. The ABWR DCD is updated 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 T)l~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 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. 
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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 carbon 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: Strainer perforated area 36 m2 (388 ft2) with 20 disks [combined 
surface area of 126 m2 (1359 ft2)] 
Hole Size: 3.2 mm (0.125 inch) diameter 

GEH calculation 0000-0080-3039R1 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. The DCD markups now include an updated Table 6C-1 which includes the design 
basis debris load shown above for Response A.2. This information, combined with the 
methodology in NEDC-32721 P-A, applying an updated head loss correlation, provides 
the necessary inputs to design a strainer that complies with 1 OCFR50.46(b)(5). 
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5. The DCD markups 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-32721P-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 
ofconcem. 

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 amounts 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 
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. 
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ii. Coated and within the zone of influence for the coating: 
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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 
smaller. 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 ATWS 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 reaction 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 for ECCS Suction Strainer Blockage," (the URG). 

The possibility of debris clogging flow restrictions downstream of the strainers is assessed 
in DCD 6C.3.3 to 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 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. 

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 ECCS 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 melt 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 (HPCF) 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 
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(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 (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 (ABWR GE P8x8R) with equivalent degree of inlet resistance 
as used in this evaluation. 



MFN 16-034, Revision 1 
Enclosure 1 Page 11 of 13 

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, as a result of 
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, as a result of this response: 

Tier 1: 

• Table 2.4.1: In Item 4c, replaced pump NPSH tests to be performed at a test 
facility with Inspections of the as-built system will be performed to 
obtain piping system dimensions and other necessary information. 
The required NPSH of procured pumps will be determined by an 
inspection of the vendor specifications. and replaced the 50% 
blockage criteria with a reference to the analytically derived value 
for strainer head loss. 
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• Table 2.4.2: 

• Table 2.4.4: 

Tier2: 

• Table 1.6-1: 

• Table 1.8-20: 

• Table 1.9-1 

• Section 4.2.1. 1 

• Section 4.2.5 
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In Item 3g, replaced pump NPSH tests to be performed at a test 
facility with Inspections of the as-built system will be performed to 
obtain piping system dimensions and other necessary information. 
The required NPSH of procured pumps will be determined by an 
inspection of the vendor specifications. and replaced the 50% 
blockage criteria with a reference to the analytically derived value 
for strainer head loss. 

In Item 3j, replaced pump NPSH tests to be performed at a test 
facility with Inspections of the as-built system will be performed to 
obtain piping system dimensions and other necessary information. 
The required NPSH of procured pumps will be determined by an 
inspection of the vendor specifications. and (3) replaced the 50% 
blockage criteria with a reference to the analytically derived value 
for strainer head loss. 

Added reference to NEDC-32721 P-A (including a note). 

Added comment to RG 1.1 noting that this regulation has been 
withdrawn and replaced by RG 1.82 Revision 4. 

Revised RG 1.82 to Revision 4 as applicable revision for ABWR 

Deleted COL Item 4.1a added under response to RAI 06.03-1R2 
MFN 15-024 Supp. 1) 

Deleted COL Item 6.12 added under response to RAI 06.03-1R2 
(MFN 15-024 Supp. 1) 

Deleted reference to COL Item 6.12 added under response to RAI 
06.03-2 (MFN 16-034) 

Deleted COL Item 4.2.5.1, Evaluation of Post LOCA Fuel Bundle 
Blockage due to ECCS Strainer Debris Bypass added under 
response to RAI 06.03-1R2 (MFN 15-024 Supp1) 

• Section 6.4.6.2.2.1 Added statement that RG 1.1 has been 
withdrawn and replaced by information in RG 1.82, but the 
analyses in Tables 6.2-2b and 6.2-2c are not changed. 

• Table 5.4-2: Replaced the 50% blockage criteria with reference to Appendix 
6C. 

• Section 6.2.2.3.1 Added statement that RG 1.1 has been 
withdrawn and replaced by information in RG 1.82, but the 
analyses in Tables 6.2-2b and 6.2-2c are not changed. 
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• Section 6.3.2.2 

• Appendix 6C: 
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Added statement that RG 1.1 has been 
withdrawn and replaced by information in RG 1.82, but the 
analyses in Tables 6.2-2b and 6.2-2c are not changed. 

Extensive changes as discussed in this RAI response. 
NEDC-32721 P-A (Reference 6C-4) is revised to add a note 
stating that an updated head loss correlation was used. 

Delete COL Item 6C.6.1, Debris Evaluation for ECCS Suction 
Strainer, based on ABWR mitigating features. 

Revised reference 6C-2 to RG 1.82 Rev 4. 
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GEH Revised Response to RAI 06.03-2 

ABWR DCD Revision 6 Markups 

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. 



Revised DCD Markups are shown in a red box with 
blue background, as this box. 

Table 2.4.1 Residual Heat Removal System (Continued) 

Inspections, Tests, Analyses and Acceptance Criteria 

Design Commitment Inspections, Tests, Analyses 

4. continued 4. continued 
c. The RHR pumps have sufficient NPSH. c. 

!Delete 

ADD 

Design basis fluid temperature 
(100°C) . 

Containment at atmospheric 
pressure. 

Inspections of the as-built system will be 
performed to obtain piping system 
dimensions and other necessary 
information. The required NPSH of procured 
pumps will be determined by an inspection 
of the vendor specifications. 
The analysis will consider the effects of: 

Acceptance Criteria 

4. continued 
c. The available NPSH exceeds the NPSH 

required by the pumps. 

required 

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

0 
(!) 
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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 cc 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 

ADD 
Inspections of the as-built system will be 
performed to obtain piping system 
dimensions and other necessary 
information. The required NPSH of procured 
pumps will be determined by an inspection 
of the vendor specifications. 
The analysis will consider the effects of: 

3. continued 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 cc 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. 

-~ 

d. The converted HPCF flow satisfies the 
following : 

e. 

f. 

g. 

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. 

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

The HPCF System flow is achieved 
within 16 seconds of receipt of a 
simulated initiation signal. 

The available NPSH exceeds the NPSH 
required by the pumps. 

required 

Analytically derived values 
for blockage of pump 
suction strainers based 
upon the as-built system. 
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Table 2.4.4 Reactor Core Isolation Cooling System (Continued) 

Design Commitment 

Inspections, Tests, Analyses and Acceptance Criteria 

Inspections, Tests, Analyses Acceptance Criteria 

3. continued 3. continued 3. continued 

4. 

j . The RCIC System pump has sufficient 
NPSH. 

Delete 

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 

j . Inspections, tests, and analyses will be 
performed based upon the as-built 
syst NPSH tests of the pump will be 
performed at a test facility. The analyses 
will consider the effects of: 

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

(2) 

(4) 

(5) atmospheric 
pressure. 

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

I. conducted locally on RCIC 
ponents required for system 

nducted using simulated 
initiation sig als. 

makeup mode. ADD 
~----------------i lnspections of the as-built system will be 

performed to obtain piping system 
dimensions and other necessary 
information. The required NPSH of procured 
pumps will be determined by an inspection 
of the vendor specifications. 
The analysis will consider the effects of: 

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. 

tJ 
0 
0 
c: 
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Table 1.6-1 Referenced Reports (Continued) 

Tier 2 
Report No. Title Section No. 

NEDC-30851 P-A W. P. Sullivan, "Techn ical 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 

NEDC-31858P 

NEDE-31906-P 

NED0-31960 

NEDC-32267P 

NED0-32686-A 

"GE Licensing Topical Report ATWS Response to NRC ATWS Rule 19B.2 
10CFR 50.62", February 1987. 

"GE Bundle Designs", December 1988. 

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

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

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

4.2 

18A 

7.3 

3B 

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

Louis Lee, "BWROG Report for Increasing MSIV Leakage Rate 15.6 
Limits and Elimination of Leakage Control System", 1991 

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

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

"ABWR Project Appl ication Engineering Organization and 17 .1 
Procedures Manual", December 1993. 

"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 

/I\ 

Add : (using an updated head loss correlation). 

1.6-6 GEH Topical Reports and Other Documents 
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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 Title Rev. Date Applicable? Com men~ 

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 6/74 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 PWR only 
Radiological Consequences of a Loss-of-
Coolant Accident for Pressurized Water 
Reactors 

1.5 Assumptions Used for Evaluating the Potential 0 3/71 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 11/78 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 8175 No PWR only 

1.16 Reporting of Operating Information -Appendix 4 8175 --- 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 6/74 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 
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Table 1.8-20 NRC Regulatory Guides Applicable to ABWR (Continued) 

Appl. Issued ABWR 
RG No. Regulatory Guide Title Rev. Date Applicable? Comments 

1.77 Assumptions Used for Evaluating a Control Rod 0 5174 No PWR only 
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 9/75 No PWR only 
Cooling Systems for Pressurized Water 
Reactors 

1.81 Shared Emergency and Shutdown Electric 1 1/75 Yes 
Systems for Multi-Unit Power Plants 103120121 

1.82 Water Sources for Long-Term Recirculation ID~ ~~t~QQd Yes 
Cooling Following Loss-of-Coolant Accident 

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

[1 .84 Design and Fabrication Code Case 27 11190 Yes](1l 
Acceptability, ASME Section Ill, Division 1 

1.85 Materials Code Case Acceptability, 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 6175 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 Yesf2J 
Equipment Important to Safety for Nuclear 
Power Plants 

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

1.91 Evaluations of Explosions Postulated to Occur 2 2178 Yes 
on Transportation Routes Near Nuclear Power 
Plants 

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

Conformance with Standard Review Plan and Applicability of Codes and Standards 1.8-29 
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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 

44a 

4.1b 

4.1 

4.2 

4.3 

4.4 

4.5 

5.1 

5.2 

5.3 

5.4 

5.5 

Subject 

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

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 

i;1:1el Qesi§A feF ~GG~ :;ti:aiAeF Byi:iass 

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 

~ 

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 

I 
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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: 
Delete 

6.10 

6.11 

~ 

7.1 

7.1a 

7.2 

7.3 

7.4 

7.5 

8.1 

8.2 

8.3 

1.9-6 

25A5675AC Revision 6 

Design Control Document/Tier 2 

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-Drywell 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:1ction Strainer 

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 

Local ized High Heat Spots in Semiconductor Material for 
Computing Devices 

Diesel Generator Rel iability 

Period ic Testing of Offsite Equipment 

Procedures When a Reserve or Unit Auxi liary 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: 
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The thermal-mechanical design process emphasizes that: 

( 1) The fuel assembly provides substantial fission retention capability during all 

potential operational modes. 

(2) The fuel assembly provides sufficient structural integrity to prevent operational 

impairment of any reactor safety equipment. 

The fuel assembly and its components are designed to withstand: 

(1) The predicted thermal, pressure and mechanical interaction loadings occurring 

during startup testing, normal operation, and anticipated operational occurrences 

(2) Loading predicted to occur during handling 

(3) Incore loading predicted to occur from an operational basis earthquake occurring 

during normal operating conditions 

Operating limits are established to ensure that actual fue l operation is maintained within the fuel 

rod thermal-mechanical design bases. These operating limits define the maximum allowable 

fuel pellet operating power level as a function of fue l pellet exposure. Lattice local power and 

exposure capabilities are applied to transform the maximum allowable fuel pellet power level 

into Maximum Average Planar Linear Heat Generation Rate (MAPLHGR) limits. 

The detailed design bases for each of the fuel assembly damage, failure and coolability criteria 

defined in Section II.A of Standard Review Plan 4.2 (except control rod reactivity; see 

Subsection 4.2.1.2) are provided in Section 4B.3 of Appendix 4B. 

The J'.'6tefltial fur debris bypass ef SCCS suetiefl straiflers ·for ti:le ABWR DCD GSH P8N:8R ftiel 
design ·will be bmmded by ~e B\l/ROG GSI 191 eem1ll:ittee ft:tel bloekage test t:>rognuH rest:tlts 
aflcl apt:>lieation bases (RefereF1ee COb lnfenl'lalien Item 6C.5. I) siflee ti:le testiflg will be 
evaluated fur 101<10 fuel. Ti:le ABWR dees Hat have eere tmeover;· dt:triAg a bOCA and 
therefore has gre&ter margiR thafl tl=te BWROG test progratfl for fttel debris bleel<age. 

4.2.1.2 Control Rods 

4.2-2 

The control rod is designed to have: 

( l) Sufficient mechanical strength to prevent displacement of its reactivity control 

material 

(2) Sufficient strength to prevent deformation that could inhibit its motion 

The detailed design bases for the control rod are provided in Appendix 4C. 

Fuel System Design 
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Note: 
Delete 

The approval in Reference 4.2-2 contains the following conditions: 

(1) [The license/applicant must provide a plant-specific analysis of combined seismic 
and LOCA loading using NRC-approved methodology or another acceptable method 
to demonstrate conformance to the structural acceptance requirements described in 

Appendix A of Standard Review Plan Section 4.2. 

(2) The license/applicant must provide an acceptable post-irradiation surveillance 

program or endorse the approved GEHfuel surveillance program. 

For the reference fuel design, the second condition is satisfied by the fuel surveillance program 

described in Section 4B.2(3) of Appendix 4B (see also Reference 4.2-3).] * 

4.2.3.2 Control Rods 

4.2.3.2.1 Evaluation Results 

The contro l rod evaluations described in Section 4C.3 have been completed for the reference 

control rod. The evaluations demonstrate that the criteria of Appendix 4C are satisfied for the 

reference B4C control rod. 

4.2.4 Testing, Inspection, and Surveillance Plans 

GEH has an active program of surveillance of fue l, both production and developmental. [The 

NRC has reviewed the GEH program and approved it in Reference 4.2-3.] * 

4.2.5 COL License Information 

4.2.5.1 E5•1aluation of Post LOC>'\ Fuel aundle 61ockage due to E5CCS Strainer Debris 
liypass I Deleted I 

The COL shall evaluate tl~e eot1sequeRees ofdebFis loading on the fuel bt1t1dles to eonfirn~ tl'ie 

aeeeptabilit} 0Ht1el ElesigR fer applieatioH to AB\l/R. The potential for Elebris bypass of EGGS 

suetioR strainers will be evalttatea per COL lnfefffl:atiot1 lteffi 6C.5.1. The fttel ElesigR sl~all be 

eoffipareEI agait1st the BWROG GSI 191 eoffiffiittee fuel bloekage test prograffi resttlts and 

applieatioH bases (RefereHee COL It:1fonnation Hen1 6C.5. I) to identify af!cl evalt1ate lee~' 

differenees that eottlEI affeet bloekage of flow throt:tgh the bttfldle. 

4.2.5.2 Reactor Core Seismic and LOCA Structural Acceptance 

The COL applicant shall provide the NRC a confirmatory plant-specific analysis of the reactor 

core combined seismic and LOCA loading us ing NRC-approved methodology or another 

acceptable method to demonstrate conformance to the structural acceptance requirements 

described in Appendix A of Standard Review Plan Section 4 .2 for the fuel referenced in the 

COL application. This analysis wi ll use as input the site-specific ground motion and the fuel 

characteristics of the plant ' s initial core load. 

Fuel System Design 4.2-7 
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(6) The turbine trip throttle valve (part of C002) limit switch activates when fu lly closed 

and closes F004 and FO 11. 

(7) High reactor water level (Level 8) closes F037, F012, F045 and, subsequently, F004 

and FOl l. This leve l signal is sealed in and must be manually reset. It wi ll 

automatically clear if a low reactor water level (Level 2) reoccurs. 

(8) High turbine exhaust pressure, low pump suction pressure, 110% turbine electrical 

overspeed, or an isolation signal actuates the turbine trip logic and closes the turbine 

trip and throttle valve. When the signal is cleared, the trip and throttle valve must be 

reset from the control room. 

(9) Overspeed of 125% trips the mechanical trip, which is reset at the turbine. 

(10) An isolation signal closes F035 , F036, F048, and other valves as noted in Items (6) 

and (8). 

(11) An initiation signal opens FOO I and F004, F03 7, FO 12 and F045 when other 

permissives are satisfied, starts the gland seal system, and closes FOOS and F009. 

(12) High- and low-inlet RCIC steamline drain pot levels respectively open and close 

F058. 

(13) The combined signal of low flow plus pump discharge pressure opens and, with 

increased flow, c loses FO 11. Also see Items (5), (6) and (7). 

5.4.6.2.2 Equipment and Component Description 

5.4.6.2.2.1 Design Conditions 

Operating parameters for the components of the RCIC System are shown in Figure . The RCIC 

components are: 

( 1) One I 00% capacity turbine and accessories. 

(2) One 100% capacity pump assemb ly and accessories. 

(3) Piping, valves, and instrumentation for: 

(a) Steam supp ly to the turbine 

(b) Turbine exhaust to the suppress ion pool 

(c) Makeup supply from the condensate storage tank to the pump suction 

(d) Makeup supply from the suppression pool to the pump suction 

5.4-22 Component and Subsystem Design 
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Pump discharge to the feed water I in~,'"""'Tm,.,,'!"l"ll'l~!'l:'M~,,.,,MTl"Te"""'l'l""ITITITTnmrn------

tlow bypass line to the suppression pool, and a coolant water supply to 

accessory equipment 

The basis for the design conditions is ASME B&PV Code Section Ill, Nuc lear Powe 

Components. 

Analysis of the net positive suction head (NPSH) available to the RCIC pump in 

with the recommendations of Regulatory Guide 1.1 is provided in Table 5.4-la. 

5.4.6.2.2.2 Design Parameters 

Design parameters for the RCIC System components are given in Table 5.4-2. See Figure for 

cross-reference of component numbers. 

5.4.6.2.3 Applicable Codes and Classifications 

The RCIC System components within the drywell, including the outer isolation valve, are 

designed in accordance with ASME Code Section III , Class 1, Nuclear Power Plant 

Components. The RClC System is also designed to Seismic Category I. 

The RCIC System component classifications and those for the condensate storage system are 

given in Table 3.2- 1. 

5.4.6.2.4 System Reliability Considerations 

To assure that the RCIC System will operate when necessary and in time to prevent inadequate 

core cooling, the power supply for the system is taken from reliable immediately available 

energy sources. Added assurance is given by the capability for periodic testing during station 

operation. 

Evaluation of reliability of the instrumentation for the RCIC System shows that no failure of a 

single initiating sensor either prevents or falsely starts the system . 

In order to assure HPCF or RCIC availability for the operational events noted previously, 

certain design considerations are utilized in design of both systems. 

( 1) Physical Independence 

The two systems are located in separate areas of the reactor building. Piping runs are 

separated and the water delivered from each system enters the reactor vessel via 

different nozzles. 

(2) Prime Mover Diversity and Independence 

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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water is drawn from the suppression pool, pumped through an R.HR heat exchanger and 

delivered to the suppression pool. On two of the loops (B&C), a portion of the water returned 

to the suppression pool may be passed through wetwell spray headers. These two loops a lso 

have a manual feature for providing drywell spray. Water from the RCWS is pumped through 

the heat exchanger shell side to exchange heat with the processed water. Three cooling loops 

are provided, each being mechanically and electrically separate from the other to achieve 

redundancy. A piping and instrumentation diagram (P&ID) is provided in Section 5.4. The 

process diagram, including the process data, is provided for all design operating modes and 

conditions. 

All portions of the CCS mode are designed to withstand operating loads and loads resulting 

from natural phenomena. All operating components can be tested during normal plant operation 

so that reliability can be assured. Construction codes and standards are covered in Subsection 

5.4.7. 

The LPFL mode is automatically initiated from ECCS signals or manually initiated. The SPC 

mode is started manually or automatically. The R.HR System must be realigned for suppression 

pool cooling by the plant operator after the reactor vessel water level has been recovered. The 

RHR pumps are already operating. Suppression pool cooling is initiated in any of the three 

loops by manually closing the LPFL injection valve and opening the pool return valve. For 

automatic initiation of suppression pool cooling, all three RHR loops are initiated. In the event 

that a single failure has occurred, and the action which the plant operator is taking does not 

result in system initiation, then the operator will place the other totally redundant system into 

operation by following the same initiation procedure. If the operator chooses to utilize the 

containment sprays, he must close the LPFL injection valves and open the spray valves. The 

drywell spray mode may be initiated manually only after a high drywell pressure permissive 

occurs. 

Preoperational tests are performed to verify individual component operation, individual logic 

element operation, and system operation up to the containment spray spargers. A sample of the 

sparger nozzles is bench tested for flow rate versus pressure drop to evaluate the original 

hydraulic calculations. Finally, the spargers are tested by air and visually inspected to verify 

that all nozzles are clear (see Subsection 5.4. 7.4 for further discussion of preoperational 

testing). 

6.2.2.3 Design Evaluation of the Containment Cooling System 

6.2.2.3.1 System Operation and Sequence of Events 

6.2-38 

In the event of the postulated LOCA, the short-term energy release from the reactor primary 

system will be dumped to the suppression pool. Subsequent to the accident, fission product 

decay heat will result in a continuing energy input to the pool. The RHR SPC mode will remove 

this energy wh ich is released into the primary containment system, thus resulting in acceptable 

suppression pool temperatures and containment pressures. 

Containment Systems 
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In order to evaluate the adequacy of the 

(!) er, a LOCA occurs. 

(3) The ECCS flows assumed available are CF, l RCIC, and 2 LPFL (RHR). 

( 4) Containment coo ling is initiated a r 30 minutes. This is a conservative assumption 

given that the RHR system des· n provides pool cooling during the LPFL mode of 

Analysis of the net positive sue · n head (NPSH) available to the RHR and HPCF pumps in 

accordance with the recom ndations of Regulatory Guide 1. 1 is provided in Tables 6.2-2b 

and 6.2-2c, respectively. 

General compliance for Regulatory Guide l.26 may be found in Subsection 3.2.2 . 

6.2.2.3.2 Summary of Containment Cooling Analysis 

When calculating the long-term post-LOCA pool temperature transient, it is assumed that the 

initial suppression pool temperature and the RHR service water temperature are at their 

maximum values. This assumption maximizes the heat sink temperature to which the 

containment heat is rejected and thus maximizes the containment temperature. In addition, the 

RHR heat exchanger is assumed to be in a fully fouled condition at the time the accident occurs. 

This conservatively minimizes the heat exchanger heat removal capacity. Even with the 

degraded conditions outlined above, the maximum temperature is maintained below the design 

limit specified in Subsection 6.2.2.1 . 

It should be noted that, when evaluating this long-term suppression pool transient, all heat 

sources in the containment are considered with no credit taken for any heat losses other than 

through the RHR heat exchanger. These heat sources are discussed in Subsection 6.2.1.1.3. 

It can be concluded that the conservative evaluation procedure described above clearly 

demonstrates that the RHR System in the SPC mode limits the post-LOCA containment 

temperature transient. 

6.2.2.3.3 Severe Accident Considerations 

The containment spray features of the RHR System can reduce the amount of radioactive 

material released to the environment in the event core damage occurs. The benefits prov ided by 

the sprays are condensing steam, scrubbing of fission products in the containment airspace, and 

supplying water to ex-vessel core debris . The conditions for activation of the containment 

sprays are described in the Emergency Procedure Guidelines in Appendix l 8A. 

Containment Systems 6.2-39 
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6.3.1.2.4 Automatic Depressurization System 

The ADS utilizes a number of the reactor safety/relief valves (SRVs) to reduce reactor pressure 
during small breaks in the event ofHPCF failure. When the vessel pressure is reduced to within 

the capacity of the low pressure system, these systems provide inventory makeup so that 

acceptable post-accident temperatures are maintained. 

6.3.2 System Design 

A more detailed description of the individual systems, including individual design 

characteristics of the systems, is provided in Subsections 6.3 .2.1 through 6.3.2.4. 

The following discussion provides details of the combined systems; in particular, those design 

features and characteristics which are common to all systems. 

6.3.2.1 Schematic Piping and Instrumentation Diagrams 

The P&IDs for the ECCS are identified in Subsection 6.3.2.2. The process diagrams which 

identify the various operating modes of each system are also identified in Subsection 6.3 .2.2. 

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

The starting signal for the ECCS comes from four indep and replaced by RG 1.82, which 
drywell pressure and low reactor water level. The ECCS · recommends no credit for containment 
no operator action during the first 30 min following the pressurization during the transient. 
of the systems is provided in Table 6.3-2 . 

E lectric power for operation of the ECCS is from regular AC power sources. pon loss of the 

regular power, operation is from onsite emergency standby AC power sou es. Emergency 

sources have sufficient capacity so that all ECCS requirements are satisfi d. Each of the three 

ECCS functional groups identified in Subsection 6.3 .1.1.3(1) has its o n diesel generator 

emergency power source. Section 8.3 contains a more detailed descr· 

supplies for the ECCS. 

Regulatory Guide 1.1 prohibits design reliance on pressure and or temperature transients 

expected during a LOCA for assuring adequate NPSH. The quirements of this Regulatory 

Guide are applicable to the HPCF, RCIC and RHR pumps. 

The BWR design conservatively assumes 0 kPaG containment pressure and maximum 

expected temperatures of the pumped fluids. Thus, no reliance is placed on pressure and/or 
temperature transients to assure adequate NPSH. 

Requirements for NPSH are given in Tables 6.2-2c (HPCF), 5.4-1 a (RCIC) and 6.2-2b (RHR). 
Vessel pressure versus system flow curves are given in Figures 6.3-4 (HPCF), 6.3-5 (RCIC) 

and 6.3-6 (RHR). 

Emergency Core Cooling Systems 6.3-5 
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6.C Containment Debris Protection for ECCS Strainers 

SC.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 debris 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 debris 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 this concern, the ABWR design has committed to following 

the guidance provided in Regulatory Guide 1.82 as well as NED0-32686-A (Utility 

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

below. 

The ABWR is designed to inhibit debris 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 

6C-1 

The ABWR 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 wetwell/wetwell airspace 

on a Mark III 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 III 

is allowed during power operations. In contrast, on the ABWR the only connections to the 

suppression pool are the I 0 drywell connecting vents (DCVs), and access to the wetwell or 

drywell during power operations is prohibited . The DCVs 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 wi ll be installed around 

Containment Debris Protection for ECCS Strainers 
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the periphery of the horizontal steel plate to intercept debris. The trash rack design shall allow 

for adequate flow 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 filter suspended solids from 

the suppression pool water. The Mark I, II, and III 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 further mitigating feature for the ABWR is that the insulation installed on the ASME 

Section III, 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 

III design more than l/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 Coo ling 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) will 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. The SPCU is designed to provide a continuous cleanup flow of 250 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 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 a larm. 

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 ofRHR 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 ass ist in cooling the 

containment. 

Containment Debris Protection for EGGS Strainers 6C-2 
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GC.3 Design Considerations 

6C.3.1 RG 1.82 Improvement 

All ECCS strainers will 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 fo llowing clarifying assumptions will also be appl ied and wi ll take precedence: 

(1) The debris generation model shall be eonsistent with Methods 1, 2, or 3 from the 

zone of influenee approaeh inutilizes spherical zones of influence (ZOI) 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 similarity of the Mark 

III upper drywe ll des ign. This approach is conservative due to the ABWR 

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

(3) The debris in the suppression pool wi ll be assumed to remain suspended unti l it is 

captured on the surface of a strainer. maximum debris load fraction assuming 

Suction Strainer sizing is based on satisfying NPSH requirements at run t flow, plus margin, 

with the design basis debris in the suppression pool accumu lated on t 

The sizing of the suction strainers assumes that the insulatio ris in the suppress ion pool is 

DFt**tt'HettB#v-l d istributed to the pump suctions based on the ow rates of the operating 

systems at limiting runout conditions. The strainers assumed availab le for capturing 

insulation debris for the limiting design condition are-twe one RHR loopsuetion strainers~ aOO

a singleone HPCF loop and Bf the RCIC system suetion strainer. 

6C.3.2 Chemical Effects 

6C-3 

The ehemieal effeets of the post LOCA en·t'ironment on debris shall be eYal1:1ated to assess 

the extent to ·.vhieh ehemieal reaetion prod1:1ets eontrib1:1te to bloekage of the EGGS strainers. 

The evaluation shall be submitted by the COL Applieant and shall demonstrate that the 

effeets of ehemieal reaetion produets from post LOCA debris shall not prevent long tenn 

eooling of the eore (COL e.12). 
The ABWR design has been reviewed for the potential generation of chemical precipitates 

which may contribute to strainer head loss following a LOCA. In general, the A BWR 

design features preclude the materials and environmental conditions which are most 

roblematic for eneration of Add : 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 by prohibiting it except for a small amount in 

galvanized steel and inorganic primers. Inorganic zinc primers are top coated with an 

epoxy layer that prevents exposure to the LOCA environment. Coatings are qualified as 
Containment Debris Protection for ECCS Strainers 
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6C .3 

described in Subsection 6.1.2. The debris load described in Table 6C- l accounts for 

coatings that are destroyed during a LOCA. 

An important consideration in the generation of corrosion products is the post-LOCA 

environment which, for some plant designs, can be of an acidic nature due to the use of 

boric acid in the primary coolant. The ABWR does not utilize boric acid. The Standby 

Liquid Control System is capable of injecting a sodium pentaborate solution, however this 

system is not used during a LOCA. Standby Liquid Control is only used to mitigate 

ATWS events as described in Appendix I SE. Consequently, the post-LOCA environment 

inside containment is relatively pH neutral with a flat time history throughout the event as 

described in Section 6.1 . I .2. 

PFieF te tile iAitial ft:1el leas, ehemieal effeets testiRg sllall ee ~er:feF1flee te assess the 

~eteRtial f.eF eeFFesieA ~ree1:1ets geAeFatien aAe tfaAs~ef!: iA the ~est bGCA BWR: 

eA'w'irenmeAt AA e>t•al1:1atieA Fe~ef!: s1:1emittee e~· the CG:b ,~~~~lieattt sllall aeee1:1At :fer aA•1• 

eiffeFeAees eeffi•een the ABJ+li1R: eesign aAe the eeAeitieAS ettlle test ~FegFam te 

ee1'fteAstfate that eheffiieal effeets sllall net ~rei,•ent Ieng teFm eeelittg efthe eeFe ECG:b 

6.12). ~ 

.3 Downstream Effects 
Update and Delete: 
reference to COL 6.12 

The effects of debris passittg through the strainers shall eebeing transported from the 

suppression pool are evaluated for interactions with downstream components such as 

pumps, valves, and heat exchangers and also for the potential blockage of coolant flow at 

the entrance to the fue l assemblies. The e>,'aiuatieA shall ee submittee by the CGb 

Applicant and shall demeAstrate that the effects of debris bypass of the strainer shall not 

pre·vent lottg term coolittg of tile core (CGL e.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 energy breaks 

are restricted to the drywell, and debris generated there must pass through trash 

racks and vertical I 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 quantity of latent debris . 

• The suction strainers themselves, which capture any particles greater than the 

hole size of the perforated strainer plates. 

Containment Debris Protection for ECCS Strainers 6C-4 I 
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Prior to tl1e iAitial f1:1el load, a downstreafl'I effeets e\·alt1atioA eased oA test rest1lts shall 00 

verforffied to assess the effeet of Stflall de0ris vassing tluot1gh tl1e st1etion strai11ers aAd 

ercatiAg an o0strnetioA to eore flow iAto the fuel assefl'IBlies. AA evalt1ation revert stt0Fl'litted 

B"t' the COL AvvlieaAt shall defl'lonstrate that the ABWR design (iAel1:1diAg EGGS S)'StOAl 

eharaeteristies, de0ris leadiAg, aAd ft1el design) is 0ot111ded 0y the seove of the dowAstreafl'I 

effects test aAd that the effects of de0ris B'.rnass of the straiAer shall Aot vre,'eAt lo11g terfl'I 

eooliAg of the eore (COL 6.12). 
Update and Delete: 
reference to COL 
6.12 

6C.4 Discussion Summary 

In summary, the ABWR 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: 

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

(2) The suppression pool liner is stainless steel, which significantly reduces corrosion 
products. 

(3) Plant Housekeeping and Foreign Material Exclusion (FME) procedures assure pool 
cleanliness prior to plant operation and over plant life such that no significant debris 
are present in the suppression pool. 

(4) Periodic SPCU operation maintains suppression pool cleanliness. 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 debris. 

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

6C.5 Strainer Sizing Analysis Summary 

6C-5 

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 1.2- 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. 

All of the debri 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-1. The 

Containment Debris Protection for EGGS Strainers 
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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, RMI, sludge, etc.). Consideration is given to whether the 

quantity of debris is sufficient to fully engulf the gaps between the strainer disks, as this has 

an influence on the head loss correlation. 

By 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 CLPFL), the RHR flow rate decreases from runout 

(1130 m3/h) to rated flow (954 m3/h), which reduces the pressure drop across the debris. 

6C.&-§_COL License Information 

GC .5~.1 Debris Evaluation f.Gr ECCS Suction Strainer !Deleted 

An evaluation shall be submitted by the COL Applicant that demonstrates that chemical 
effects and the effect of debris bypass of the strainers does not preYent long term cooling of 
the core (COL 6.12). The evaluation shall be based on the research and recommendations of 
the BWR Owner' s Group GSI 191 committee. 
An eyaluatioR sl=tall be suem:itted ey the COL A1919lieant tl=tat deffionsff'ates that ehefflieal effects and 
the effeet of debris b·,·19ass of the strainers does not 19revent long tem~ cooling of the eore (COL 

~ 

Containment Debris Protection for EGGS Strainers 6C-6 



25A5675AH Revision 6 

ABWR Design Control Document/Tier 2 

SC.6-LReferences 

6.C-1 Debris Plugging of Emergency Core Cooling Suction Strainers, USNRC 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. 3. !Rev. 4.1 

6.C-3 Utility Resolution Guidance for ECCS Suction Strainer Blockage, NED0-32686-A, October, 
1998. 

6C-4 Application Methodology for the General Electric Stacked Disk ECCS Suction Strainer, NEDC-
32721 P-A, March 2003 
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Table GC-1 ECCS Strainer Debris Load 

Debris Type Strainer Load 

I Sludge L corrosion 12rod. 90.7 kg (200 lbm) 

I Inorganic Zinc (IOZ) 21.3 kg (47 lbm) 

I EQOXV Coated IOZ 38.6 kg (85 lbm} 

I Rust Flakes 22.7 kg (50 lbm) 

I I feA'leRt 1Dust I Dirt 68.0 kg (150 lbm) 

I /\ 
Reflective Metal Insulation 35.8 m2 (385 ft2

) 

I Nukon Fiber Insulation 23.4 kg (51.6 lbm) 

I 

!Delete: Cement I-
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