Westinghouse

U.S. Nuclear Regulatory Commission
ATTENTION: Document Control Desk
Washington, D.C. 20555

Westinghouse Electric Company
Nuclear Power Plants

P.0.Box 355

Pittsburgh, Pennsylvania 15230-0355
USA

Directtel: 412-374-5355
Directfax: 412-374-5456

e-mail: corletmm@westinghouse.com

"~ Yourref: Docket No. 52-006
Ourref. DCP/NRC1617

September 8, 2003

SUBJECT: Transmittal of Responses to AP1000 DSER Open Items

This letter transmits the Westinghouse responses to Open Items in the AP1000 Design Safety
Evaluation Report (DSER). A list of the DSER Open Item responses transmitted with this letter
is Attachment 1. The proprietary responses are transmitted as Attachment 2. The non-
proprietary responses are provided as Attachment 3 to this letter.

The Westinghouse Electric Company Copyright Notice, Proprietary Information Notice,
Application for Withholding, and Affidavit are also enclosed with this submittal letter as
Enclosure 1. Attachment 2 contains Westinghouse proprietary information consisting of trade
secrets, commercial information or financial information which we consider privileged or
confidential pursuant to 10 CFR 2.790. Therefore, it is requested that the Westinghouse
proprietary information attached hereto be handled on a confidential basis and be withheld from
public disclosures.

This material is for your internal use only and may be used for the purpose for which it is
submitted. It should not be otherwise used, disclosed, duplicated, or disseminated, in whole or in
part, to any other person or organization outside the Commission, the Office of Nuclear Reactor
Regulation, the Office of Nuclear Regulatory Research and the necessary subcontractors that have
signed a proprietary non-disclosure agreement with Westinghouse without the express written
approval of Westinghouse.
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The Westinghouse Electric Company Application for Withholding and Affidavit are also attached to this
submittal letter as Enclosure 1. Attachment 2 contains Westinghouse proprietary information consisting
of trade secrets, commercial information or financial information which we consider privileged or
confidential pursuant to 10 CFR 2.790. Therefore, it is requested that the Westinghouse proprietary
information attached hereto be handled on a confidential basis and be withheld from public disclosures.
Attachment 3 contains no proprietary information.

This material is for your internal use only and may be used for the purpose for which it is submitted. It
should not be otherwise used, disclosed, duplicated, or disseminated, in whole or in part, to any other
person or organization outside the Commission, the Office of Nuclear Reactor Regulation, the Office of
Nuclear Regulatory Research and the necessary subcontractors that have signed a proprietary non-
disclosure agreement with Westinghouse without the express written approval of Westinghouse.

Correspondence with respect to the application for withholding should reference AW-03-1696, and
should be addressed to Hank A. Sepp, Manager of Regulatory and Licensing Engineering, Westinghouse
Electric Company, P.O. Box 3585, Pittsburgh, Pennsylvania, 15230-0355.

Please contact me at 412-374-5355 if you have any questions concerning this submittal.

Very truly yours,

A/ 1065

M. M. Corletti

Passive Plant Projects & Development
AP600 & AP1000 Projects

/Enclosure
1. Westinghouse Electric Company Copyright Notice, Proprietary Information Notice, Application
for Withholding, and Affidavit AW-03-1696.

/Attachments .
1. List of the AP1000 Design Certification Review, Draft Safety Evaluation Report Open Item
Responses transmitted with letter DCP/NRC1617
2. Proprietary AP1000 Design Certification Review, Draft Safety Evaluation Report Open Item
Responses dated September 8, 2003
3. Non-Proprietary AP1000 Design Certification Review, Draft Safety Evaluation Report Open Item
Responses dated September 8, 2003 '
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Westinghouse Electric Company
Application for Withholding and Affidavit
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west | ngho use : ' Westinghouse Electric Company
Nuclear Power Plants
P.0.Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

September 8, 2003

AW-03-1696
Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555

ATTENTION:  Mr. John Segala

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE -

SUBJECT: Transmittal of Westinghouse Proprietary Class 2 Documents Related to
AP1000 Design Certification Rev1ew Draft Safety Evaluation Report (DSER)
Open Item Response

Dear Mr. Segala:

The application for withholding is submitted by Westinghduse Electric Company, LLC ("Westinghouse")
pursuant to the provisions of paragraph (b)(1) of Section 2.790 of the Commission’s regulations. It
contains commercial strategic information propnetary to Westmghouse and customarily held in
confidence.

The proprietary material for which withholding is being requested is identified in the proprietary version of
the subject documents. In conformance with 10 CFR Section 2.790, Affidavit AW-03-1696 accompanies
this application for withholding setting forth the basis on which the identified proprietary information may
be withheld from public disclosure.

Accordingly, it is respectfully requested that the subject information which is proprietary to Westinghouse
be withheld from public disclosure in accordance with 10 CFR Section 2.790 of the Commission’s
regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should
reference AW-03-1696 and should be addressed to the undersigned.

: Very truly yours,

A Jelt

M. M. Corletti
Passive Plant Projects & Development
AP600 & AP1000 Projects

" /Enclosures
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AW-03-1696

COMMONWEALTH OF PENNSYLVANIA:

ss
COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared James W. Winters, who, being by me duly
sworn b.ccording to law, deposes and says that he is authorized to execute this Affidavit on behalf of
Westinghouse Electric Company, LLC ("Westinghouse"), and that the averments of fact set forth in this
Affidavit are true and correct to the best of his knowledge, information, and belief.

o

James W. Winters, Manager
Sworn to and subscribed : Passive Plant Projects & Development
before me this _8*+* day , , '

Nuclear Power Plants Business Unit

of _)%Wg/_, 2003 Westinghouse Electric Company, LLC

, Notary Public
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AW-03-1696

I am Manager, Passive Plant Projects & Development, in the Nuclear f’ower Plants Business
Unit, of the Westinghouse Electric Company LLC ("Westinghouse"),'and as such, I have been
specifically delegated the function of reviewing the proprietary informatibn sought to be withheld
from public disclosure in connection with nuclear power plant licensing and rulemaking
proceedings, and am authorized to apply for its withholding on behalf of the Westinghouse
Electric Company, LLC.

I am making this Affidavit in conformance with the provisions of 10 CFR Section 2.790 of the
Commission’s regulations and in conjunction with the Westinghouse application for withholding

accompanying this Affidavit.

I have personal knowledge of the criteria and procedures utilized by the Westinghouse Electric
Company, LLC in designating information as a trade secret, privileged or as confidential

commercial or financial information.

Pursuant to the provisions of paragraph (b)(4) of Section 2.790 of the Commission’s regulations,
the following is furnished for consideration by the Commission in determining whether the
information sought to be withheld from public disclosure should be withheld.

@) The information sought to be withheld from public disclosure is owned and has been held
in confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not
customarily disclosed to the public. Westinghouse has a rational basis for determining
the types of information custoniarily held in confidence by it and, in that connection,
utilizes a system to determine when and whether to hold certain types of information in
confidence. The application'of that system and the substance of that system constitutes
Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several
types, the release of which might result in the loss of an existing or potential competitive

advantage, as follows:
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The information reveals the distinguishing aspects of a process (or component,
structure, tool, method, etc.) where prevention of its use by any of
Westinghouse’s competitors without license from Westinghouse constitutes a

competitive economic advantage over other companies.

It consists of supporting data, including test data, relative to a process (or
component, structure, tool, method, etc.), the application of which data secures a
competitive economic advantage, e.g., by optimization or improved
marketability. '

Its use by a competitor would reduce his expenditure of resources or improve his
competitive position in the design, manufacture, shipment, installation, assurance

of quality, or licensing a similar product.

It reveals cost or price information, production capacities, budget levels, or

commercial strategies of Westinghouse, its customers or suppliers.

It reveals aspects of past, present, or future Westinghouse or customer funded
development plans and programs of potential commercial value to Westinghouse.

It contains patentable ideaé, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the

following:

(@

(b)

The use of such information by Westinghouse gives Westinghouse a competitive
advantage over its competitors. It is, therefore, withheld from disclosure to
protect the Westinghouse competitive position.

It is information which is marketable in many ways. The extent to which such
information is available to competitors diminishes the Westinghouse ability to

sell products and services involving the use of the information.
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Use by our competitor would put Westinghouse at a competitive disadvantage by

reducing his expenditure of resources at our expense.

Each component of proprietary information pertinent to a particular competitive
advantage is potentially as valuable as the total competitive advantage. If
competitors acquire components of proprietary information, any one component
may be the key to the entire puzzle, thereby depriving Westinéhouse ofa

competitive advantage.

Unrestricted disclosure woﬁld jeopardize the position of prominence of
Westinghouse in the world market, and thereby give a market advantage to the

competition of those countries.

The Westinghouse capacity to invest corporate assets in research and
development depends upon the success in obtaining and maintaining a

competitive advantage.

The information is being transmitted to the Commission in confidence and, under the
provisions of 10 CFR Section 2.790, it is to be received in confidence by the

Commission.

The information sought to be protected is not available in public sources or available

information has not been previously employed in the same original manner or method to
the best of our knowledge and belief.

The proprietary information sought to be withheld in this submittal is that which is
appropriately marked in Attachment 2 as Proprietary Class 2 in the Westinghouse
Electric Co., LLC document: (1) “AP1000 Design Certification Review, Draft Safety
Evaluation Report Open Item Response.”

This information is being transrmtted by Westinghouse’s letter and Application for
Withholding Proprietary Information from Public Disclosure, being transmitted by
Westinghouse Electric Company (W letter AW-03-1696) and to the Document Control
Desk, Attention: John Segala, DIPM/NRLPO, MS O-4D9A.
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This information is part of that which will enable Westinghouse to:

(a) Provide documentation supporting determination of APP-GW-GL-700, “AP1000
Design Control Document,” analysis on a plant specific basis

®) Provide the applicable engineering evaluation which establishes the Tier 2
requirements as identified in APP-GW-GL-700. '

Fur;her this information has substantial éommercial value as follows:

(a) Westinghouse plans to sell the use of similar information to its customers for

purposes of meeting NRC requirements for Licensing Documentation.
®) Westinghouse can sell support and defense of AP1000 Design Certification.

Public disclosure of this proprietary information is likely to cause substantial harm to the
competitive position of Westinghouse because it would enhance the ability of
competitors to provide similar méthodologies and licensing defense services for
commercial power reactors without commensurate expensés. Also, public disclosure of
the information would enable others to use the information to meet NRC requirements for

licensing documentation without purchasing the right to use the information.

The development of the technology described in part by the information is the result of
applying the results of many years of experience in an intensive Westinghouse effort and

the expenditure of a considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical
programs would have to be performed and a significant manpower effort, having the
requisite talent and expexiénoe, would have to be expended for performing and analyzing
tests. o

Further the deponent sayeth not.



DCP/NRC1617
Docket No. 52006

September 8, 2003

Attachment 1

List of

Proprietary and Non-Proprietary Responses

Table 1

“List of Westinghouse’s Responses to DSER Open Items Transmitted in DCP/NRC1617”

5232
5233

6.2.1.8.3.3-1Rev2

14.2-1aa Rev 1
14.2.1bbRev 1

*15.2.7-1PRev 1
15.2.7-1 Rev 1

*Proprietary
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Westinghouse Non-Proprietary Class 3

DCP/NRC1617
Docket No. 52-006

September 8, 2003

Attachment 3

AP1000 Design Certification Review
Draft Safety Evaluation Report Open Item Non-Proprietary Responses
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AP1000 DESIGN CERTIFICATION REVIEW

Draft Safety Evaluation Report Open ltem Response

DSER Open ltem Number: 5.2.3-2
Original RAI Number(s): None
Summary of Issue:

Alloy 52/152 materials are known to be difficult to weld. Address what examinations have been
given to the adequacy of quality assurance (QA) criteria for the Alloy 51/152 weldments that will
be used to connect stainless steel piping to the ferritic pressure vessel. Address whether the
QA criteria are commensurate with the risk associated with weldment failure.

Westinghouse Response:

The "difficulties of welding” ascribed to Alloys 52 and 152 refers to the fact that large section
multipass welds made with these materials have been observed to contain hot cracks. Such hot
cracks are controlled by the application of proper weld technique, but are difficult to totally
eliminate. In addition, welding with the shielded metal arc process using the Alloy 152 coated
electrode requires frequent back-chipping and grinding to eliminate "floaters”, which are small
(Al and Ti) oxide inclusions.

The Quality Assurance criteria for these weldments are essentially the same as those previously
and currently applied to weldments of Alloys 82 and 182. The welds must pass the required
ASME Boiler & Pressure Vessel (B&PV) Code Section 11l requirements - i.e., for dye penetrant
inspections, no reportable indications (that is, no linear indications) are permitted on the final
weld surface. if they are found to be present, they must be removed and the welds repaired as
specified by the ASME B&PV Code. This results in no surface cracks in the weld. The
presence of minor subsurface hot cracks is of no consequence for at least three reasons: (1)
they are not in contact with the primary water; (2) the excellent corrosion resistance of Alloys 52
and 152 will preclude the occurrence of stress corrosion cracking at the water-weld metal
interface (these materials have never been observed to experience environmental degradation
in primary water): and (3) the very small subsurface hot cracks have not been found to serve as
crack initiation or propagation sites. This Quality Assurance criteria is intended to minimize the
risk of weldment failure.

Design Control Document (DCD) Revislon:

None

PRA Revision:

None

' o 7 bSER 01523-2Page 1
€ westinghouse |
. 09/08/2003




AP1000 DESIGN CERTIFICATION REVIEW

Draft Safety Evaluation Report Open item Response

DSER Open ltem Number: 5.2.3-3
Original RAl Number(s): None
Summary of Issue:

The high-chromium nickel-base alloys (e.g., Alloy 690/52/152, as well as 82/182) may be
susceptible to a significantly lowered fracture toughness if they have been exposed to high
temperature hydrogenated water and then stressed at lower temperature (e.g., < 120°C). This
is a known phenomenon and may be of significance during a thermal shock event (i.e., during
an accident scenario when there is ingress of large amounts of cold water into the primary
system). Address whether this phenomenon could resutlt in the failure of the nozzles between
the pressure vessel and main recirculation or direct vessel injection (DVI) piping. If such a
failure occurred, what are the consequences?

Westinghouse Response:

Background

The scenario reflected in the open item is that, since it is possible that small subsurface weld
flaws such as hot cracks or floaters/stringers may be present in heavy section multipass welds
of Alloys 52 and 152, might these flaws serve as sites for the initiation and subsequent growth
of cracks. There have been a reported decrease of toughness of these welds in low
temperature hydrogenated water environments. Could such degradation occur for an accident
scenario in with large amounts of cold water rapidly lowering the temperature before hydrogen
is removed from the metal and the reactor coolant?

Under normal plant shutdown conditions such a scenario is not possible since hydrogen is
removed by a combination of mechanical and chemical degassing before the water temperature
gets below about 180°F.

| Essentially all published research on the phenomenon referred to as low temperature crack
propagation (LTCP) has been the result of research conducted by Mills and co-workers at Bettis
(cf., Refs. 1-4).

DSEROI5.23-3Page 1

Westinghouse
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AP1000 DESIGN CERTIFICATION REVIEW

Draft Safety Evaluation Report Open ltem Response

Literature

The published research was reviewed and an abbreviated su'mmary of relevant results with the
authors’ conclusions follow.

The materials that have been studied for susceptibility to the LTCP phenomenon include Alloy
X-750, Alloys 600 and 630, and the weld metal Alloys EN82H and EN52. All but Alloy 600 have
been found susceptible to varying degrees. The reason for the exception of Alloy 600 is not
clear. The general ranking of the alloys found susceptible is (most fo least susceptible): Alloy X-
750, Alloy EN82H, Alloy EN52, Alloy 690. Each of these alloys exhibits extremely high fracture
resistance in air and high temperature water, irrespective of the presence of hydrogen.

With regard to the present issue, the research reported in Ref. 4 is most relevant. Deeply
precracked compact tension specimens of Alloys EN82H, EN52, 690 and 600 were tested at
54°C (130°F), 93°C (200°C), 149°C (300°C) and 338°C (640°F) water containing concentrations
of dissolved hydrogen ranging from 15 to 150 cm® (STP) Hykg H20. Limited testing was also

performed in 54°C (130°F) and 338°C (640°F) air.

The specimens were tested to fracture using a displacement rate of 4 MPaVvm/h at 54°-149°C
and 0.4 to 2 MPavm/h at 338°C to assure sufficient time for environmenta! cracking. Multiple-
specimen heat-treat and single-specimen normalization J-curve test procedures were used to
establish Jic and tearing modulus values (Refs. 1, 5). Ji is the fracture toughness at the onset
of cracking and the tearing modulus is a dimensionless measure of a material’s resistance to
cracking after Jic is exceeded (see Ref. 4 for definition of terms).

For the tests in air, all materials exhibited extrémely high values of Jic and T. However, in 54°
and 93°C water the values were severely reduced. The following table summarizes the Jic and
tearing modulus results for the 54°C tests in hydrogenated water.

Material - Jic at 54°C, kJ/m*Tearing Modulus
15 cm® Ho/kg H0 50 cm® Hz/kg H.0 150 cm® Hy/kg H.O
Alloy 690 Heat A 150/128 90/72 75/38
Alloy 690 Heat B 120/63 95/58 25/24
EN52 Heat B1 No test No test ~ 50/38
EN52 Heats C1, C2 100/53 80/59 20/4
EN82H Heat C1 8/3 No test 10/5
Alloy 600 Heat A 285/232 No test 285/232

Westinghouse o

DSEROI5.2.3-3Page 2
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AP1000 DESIGN CERTIFICATION REVIEW

Draft Safety Evaluation Report Open ltem Response

The authors conclude from these data that, in view of the reasonably high tearing moduli for
Alloy 690 (24 to 38 at the highest hydrogen concentration), LTCP is not a concern for that alloy.

For the embrittled welds, the authors calculate equivalent critical stress intensity factors (Kic)
from the experimental J,c values, and find good agreement with the maximum stress intensity
values (Kpmax) Observed in previous rising-load tests. [A thorough description of the testing and
data interpretation for the nsmg load tests is provided in Ref. 3.] This agreement suggests that
cracking initiates near maximum load under nearly linear-elastic conditions; asa result, lower-
bound Kpmex values can be used as a measure of LTCP resistance.

The resulting lower-bound Kpmex Values for EN82H and EN52 are 40 and 53 MPavm,
respectively. [Observe that these are not low’ stress intensities.] |

Additional aspects of the Ref. 4 test program included consideration of the displacement rate
and the effect of crack geometry. For displacement rates greater than 1000 MPavm/h
(approximately 12 mm/h per the authors for this geometry), LTCP resistance of both weld
metals improves significantly, leading the authors to conclude that this phenomenon “is not an
issue for welded components subjected to rapid transients.”

The authors also observed (in Ref. 4 and other publications) that intergranular LTCP does not
occur from as-machined notches or at free surfaces in the absence of a sharp corrosion-
induced crack (or perhaps even a small ductile tear). This is interpreted in terms of the
requirement that hydrogen is concentrated at the crack tip, and this requires solid-state diffusion

of hydrogen.
Other research (Refs. 1 —3) by the same aiithors ihdicates the following:

e LTCP is due to hydrogen embrittlement of the grain boundary regions adjacent to and
immediately ahead of the advancing crack,

¢ The phenomenon appears only under conditions of rising loads - i.e., not under
constant load conditions,
For Alloy 52, the critical stress intensity must be greater than 50 MPavm, and
The effective displacement rate must be quite low.

The latter point has been interpreted as supporting the judgment that solid-state diffusion of
hydrogen is rate-controlling. This was further supported by calculations and measurements of
the activation energies for LTCP crack growth rates (11.3 kcal/mole) and for hydrogen diffusion
at this temperature {11.5 kcal/mole). This is also consistent with the observation that LTCP
does not occur in the presence of a notch since the diffusion distance to the peak stress location
ahead of a notch is much greater than that for a sharp (SCC) crack.

DSEROI5.2.3-3Page 3
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- AP1000 DESIGN CERTIFICATION REVIEW

~ Draft Safety Evaluation ﬁeport Open.litem Response

Relevance to Alloy 52/152 Welds In AP1000

Alloys 52 and 152 will be used for large section, multipass welds such as reactor vessel nozzle-
to-safe-end welds in AP1000. i is possible that subsurface flaws such as small hot cracks or
oxide “floaters” may be present.

However, based on the preceding review of the literature, there appears to be no technical basis
to argue such welded structures will be susceptible to low temperature crack propagation under
normal or accident-driven conditions. The basis for this conclusion rests on the conditions

- under which LTCP has been observed to occur in these materials. These conditions include:

« high loads that are applied slowly, increase with nme, and are capable of producing
high stress intensities, and
« the presence of sharp intergranular (or ductile) cracks.

Hot cracks or subsurface welding defects are unlikely to be characterized by a sharp, “crack-tip”
geometry such that high hydrogen concentrations will develop and promote crack advance.
Also, the relatively rapidly applied high loads that may be associated with a surge of low
temperature water under accident conditions are not consistent with LTCP occurrence.
Moreover, the extremely high resistance of these high chromium alloys to stress corrosion crack
initiation in primary water makes it extremely unlikely that in-service cracking will occur; hence,
a low probability that a surface crack will exist to serve as the propagation site. -

References

1. C. M. Brown and W. J. Mills, “Fracture Toughness of Alloy 690 and EN52 Weld in Air
and Water," Bettis Atomic Power Laboratory Report, B-T-3265, June 1999. '

2. W.J. Mills and C. M. Brown, “Fracture Toughness of Alloy 600 and an EN82H Weld in

: Air and Water,” Metallurgical and Materials Transactions A, 32A {May 2001) 1161-1174.

3. W.J. Mills, M. R. Lebo and J. J. Kearns, “Hydrogen Embrittiement, Grain Boundary
Segregation, and Stress corrosion Cracking of Alloy X-750 in Low- and High-
Temperature Water,” Metallurgica! and Materials Transactions A, 30A (June 1999) 1579-
1596.

4. W.J. Mills and C. M. Brown, "Fracture Behawor of Nickel-based Alloys in Water,” Ninth
International Conference on Environmental Degradation of Materials in Nuclear Power
Systems - Water Reactors, TMS, 1899.

5. W.C. Porr and W. J. Mills, “Application of the Normalization Data Analysis Technique for
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3269, February 1993.

DSER0I523-3Page 4

Westinghuuse

09/08/2003



AP1000 DESIGN CERTIFICATION REVIEW

Draft Safety Evaluation Report Open Item Response

Design Control Document (DCD) Revision:

None
PRA Revision:
None
. DSERO!1523-3Page 5
2 Westinghouse
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AP1000 DESIGN CERTIFICATION REVIEW

Draft Safety Evaluation Report Open ltem Response *

DSER Open item Number: 6.2.1.8.3-1 (Revision 2)
~ Original RAI Number(s):  650.001 |
Summary of Issue:

The water level in containment following a LOCA would be sufficiently high that DCD Tier 2
Section 3.4.1.2.2.1 states that inventory from the containment pool would *. . . flow back into
the RCS via the break location . . . .™ in light of this statement, the staff issued RAI 650.001 to
request additional information concerning the potential for entrained debris to cause blockage
at flow restrictions within the RCS once fiow begins entering through the break location after
flood-up (i.e.. bypassing the recirculation screens). In a letter dated February 21, 2003, the
-applicant responded to RAI 650.001 by submitting an analysis which concluded that RMI debris
is incapable of causing such blockage. Although the applicant’s response partially addressed
the staff's RAI. it was not complete because it did not address the potential for other sources of
debris, such as fibrous debris and fioatable debris, to enter the RCS through the break location
and block requisite core cooling flowpaths. Pending the complete resolution of this concern.
the staff considers debris blockage in the RCS to be DSER Open ltem 6.2.1.8.3-1.

Westinghouse Response:

Westinghouse revised its response to RAI 650.001 in order to address the NRC concemns as
discussed in our teleconference on April 3, 2003. The revised RAIl response was submitted to
the NRC on April 24, 2003 in letter DCP/NRC1580. Based on discussions with the NRC after
the issuance of the DSER, it was agreed that this response satistactorily addressed the NRC
concemns except for the calculated debris pressure loss. Westinghouse agreed to revise the
calculation of the pressure loss across a debris bed located in the core and to perform
additional sensitivity studies on particulate characteristics. The revised calculation and
sensitivity studies areis based on the following:

1. Atotal of 500 Ib of resident debris (fiber and particles) is assumed to be located inside
containment.
This debris is assumed to be neutrally buoyant (both fibers and particles) such that they
are easily transported with flow.
The resident debris is distributed around the containment in propomon to the floor areas.
If a floor area sees flow either from LOCA blowdown, ADS venting or containment
recirculation, then debris assigned to that floor area is assumed o be transported to a
screen.
If a floor area does not see fiow (whether it floods or not) then none of the debris
assigned to that floor area is assumed to be transported.
6. The head losses across the screens will be calculated using the “BLOCKAGE" code.

" The resident debris fiber material is assumed to be represented by NUKON.

pall S\

o

DSER016.2.1.8.3-1 R2 Page 1
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AP1000 DESIGN CERTIFICATION REVIEW

Draft Safety Evaluation Report Open ltem Response

7. Sensitivity studies will be performed with variations in beth-the amount of debris
transported to the screens, and in the mass ratio of fiber versus particulate debris and in
the types of particulates assumed in the resident debris.

Based on these assumptions, methods and approaches, the head loss analysis performed for
RAI 650.001 (debris in the core) was revised.

Resldent Fibrous and Particle Debris:

A potential source of debris is resident fiber and particles inside containment. Such debris
might be close enough to the density of water that it would stay suspended in the containment
water long enough that it could be transported to containment recirculation screens and possibly
also into the RCS through a break that becomes flooded.

DSER open item response 2.1.8.3-3 R1 discusses the amount of such debris that might exist in
the containment. It describes an appropriate method to determine the amount of debris that
might be transported. It also describes an appropriate method using the BLOCKAGE code to
calculate the resutting pressure drop if this debris is transported to a containment recirculation
screen. That same method has been applied to a situation with a break location that becomes
flooded and could allow some of this debns to enter the RCS. Key assumptions made in this
evaluation include:

¢ Atotal of 500 Ib of resident debris is located in the containment (DSER Ol 2.1.8.3-3 R1).
The base case assumes that this debris is divided 50/50 between fibers and particles.
Also, as described below, sensitivity studies are also performed assuming a range of
particulate to fiber ratios. ,

« The debris is distributed around the containment in proportion to the floor areas. As
discussed in DSER Ol 6.2.1.8.3-3 R1, not all of this debris will be transported because
some floor areas will not see flow during a LOCA.

¢ The limiting break location with respect to maximizing the debris that might enter the
RCS has been determined to be a DVI break in a loop compartment. Such a break will
result in none of the operating deck and only a portion of the CMT room floor (< 67%)
- seeing flow. As a result, less than 250 Ib of resident debris will be transported

¢ The debris deposited on any screen is assumed to be based on the flow split about
containment. As noted above, for the DVI break in a loop compartment, less than 250 Ib
of resident containment debris is available for transport. Of this amount of debris, about
100 Ib of debris will be transported to the IRWST screens. The remainder (150 Ib) will be
transported to the recirculation screens and to the RCS via the break. This 150 Ib is
further divided in the proportion of the relative flows as described below.

« Conservative analyses have shown that 60% of the total flow to the core is through the

break and 40% through the recirculation screens. Assuming the debris transport is
proportional to the flow, 60% of the resident debris will enter the RCS through the break

) westinghouse
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(90 Ib). The other 40% (60 Ib) would to be trapped on the two recirculation screens.
These debris amounts are based on the relative flows through the break and through the

- PXS recirc lines as shown on DCD figures 15.6.5.4C-13 and -14 after 7000 sec.
Arlhough the flow through the break into the RCS starts earlier than through the PXS
recirc lines, it would take many hours to transport all of the debris to the RCS / recirc -
screens. For example, the total water mass in the containment fioodup areas is about
5,236,000 Ib. At a recirc flow of 180 Ib/sec it would take about 10 hours for all of this

- water to flow through the RCS. The situation for the recirc screens is much less limiting
than that discussed in DSER Ol response 2.1.8.3-3 R1, so that the resulting it is not
discussed in this RAL.

¢ The first location where debris may be ,trapped in the RCS is on the bottom nozzle of the
fue! assembly. Each nozzle has 632 fiow holes that are 0.19 in inside diameter. These
holes are spaced such that debris would accumulate across the whole nozzie area
except the outside edge where there are no holes. The area that could accumulate
debris is more than 66 ft? considering all of the fuel assemblies. Another location where
debris could be trapped is in the P-Grid, which is located just above the bottom nozzle.
The area where debris could accumulate is defined as the fuel assembly area less the
area taken by the fuel rods and thimbles for shutdown rods and I1&C. The minimum flow
area through this part of the core is 41.55 fi2. The smaller area (around the P-Grid) is
assumed for the purposes of calculating the pressure loss.

 The flow rate through the core is assumed to be 180 Ib/sec. This flow is based on the
maximum injection flows through both DVI Ilnes as shown on DCD figures 15.6.5.4C-13
and -14 after 7000 sec.

¢ Using the core inlet temperature from COBRA-TRAC calculations for this event (~240 F),
the volumetric flow rate would be 1370 gpm.

« Atthis flow rate, the screen face velocity with this flow is 0.073 fi/sec.

« With the above amounts of debris and flow rates, the pressure loss across the debris is
calculated by the BLOCKAGE code to be less than 0.39 psi. A summary of BLOCKAGE
Code input and resulting output for the base case are shown on the-table 6.2.1.8.3_1-1
that follows. Refer to DSER Ol response to 2.1.8.3-3 R1 for additional discussion on the
use of the BLOCKAGE code.

« In addition to the base calculation, sensitivity studies were performed on the amount of
- debris transported and the mass ratio of fiber to particulate debris.

s Sensitivity calculations were performed varying the total mass of material from 80%
(72ib.) to 120% (108lb.) of the base case (90 Ib). This sensitivity addresses possible
variability in the amount of debris available to transport.

¢ Fiber to particulate mass ratios ranging from 30% fiber/ 70% particulate to 70% fiber/
30% particulate were investigated for all three tota! mass cases. This sensitivity
addresses the impact of fiber to particulate ratios drfferent from the base case
assumption of a 50/50 split.

.Wesnnghouse
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The results of these sensitivity analyses are shown in en-the-table 6.2.1.8.3_1-1 that |
follows. The pressure drops for all the cases investigated ranged from 0.25 psid to 0.63
psid. For the range of masses and mass ratios investigated, the range of calculated
pressure drop values was narrow and the trend of pressure drops within the range

showed no unexpected results.

¢ A second set of sensitivity studies was performed on the types of particulate
debris assumed in the resident debris. Several different types of debris were
modeled and the results compared to the base case debris type used in this
analysis. The results of these sensltivnty analyses are shown in table 6.2.1.8.3_1-2
that follows.

« Blockage runs were made for alternate particle debris types; in the first set of
alternate debris analysis the only change from the previous analysis was to
increase the particle specific surface area from 20,000 to 50,000 ft2/ft3. This
change creates a very conservative situation of a large specific surtace area
with a low specific gravity (1.1); both are drivers for a larger pressure drop.
The results of these runs show that the pressure drop for the base case (50%
fiber/50% particle) increases from 0.39 psi to 0.76 psi. The alternate case with
more partlcles (30% fiber/70% particle) results in an higher pressure drop of
0.96 psi and the case with less particles (70% fiber/30% particle) results in a
lower pressure drop of 0.74 psi.

« Similar Blockage runs were made for particles with attributes of Analytical Test
Problem Debris from NUREG/CR-6371, Reference 1, as shown in Table 4-3 of
that report. The BLOCKAGE runs were made tor the debris types of Paint,
Junk, and Cal. Silicate with the following attributes:

« Paint: Particle specific surface area = 50,000ft2/ft3; Particle fabricated
density = 180lb/ft3; Partlcle Rubble Density = 45Ib/t3; Particle Material
Density = 180Ib/t3.

¢« Junk: Particle specific surface area = 900ft2/ft3; Particle tabricated density
= 300Ib/ft3; Particle Rubble Density = 95Ib/ft3; Particle Material Density =
4911b/ft3.

« Cal. Silicate: Particle specific surface area = 20,000ft2/ft3; Particle
tabricated density = 90Ib/ft3; Particle Rubble Density = 20Ib/ft3; Particle
Material Density = 110lb/fi3.

The results from these runs in Table 6.2.1.8.3_1-1, show that the pressure

drops calculated for the particle characteristics used in the base case

calculations are representative of the types of particles that may be present in
the AP1000 containment. The resulting pressure drops for these three
representative particulate types are very similar to the base case pressure
drop values and are less than the pressure drop results from the arbitrary
particle characteristic combination of 1.1 specific gravity and a 50,000 ft2/t3
specific surface area.

Reference 1 contains charactérisﬁcs for various types of particulate material that

has been postulated to be present inside containment buildings of nuclear
power plants. These types of particulate material are recommended for

€% westinghouse
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consideration when a plant evaluates the susceptibility of ECCS sump
performance degradation to the presence of resident fibers and materials
inside containment. The studies performed by Westinghouse in the evaluation
of the AP1000 as presented in this DSER Open ltem response and related
responses have included bounding material properties that are considered
appropriate for the AP1000. Products of corrosion are not expected to play a
role in the pressure drops considered in this analysis for the AP1000.
Therefore, the pressure drops for the debris type of Sludge as defined in
Reference 31 is not considered. These products of corrosions are included in
Reference 3 for application to BWR containment buildings that contain carbon
steel-lines suppression pools tanks that come in contact with oxygenated
water. These corrosion products are not applicable to the AP1000 or other
pressurized water reactor designs.

¢ The mechanism for driving flow through the core is the water level in the downcomer
relative to the water/steam mixture level in the core region. In this case the downcomer
water level is about 22 in below the top of the active fuel in the recirculation time frame
(7000 sec), as shown in DCD figure 15.6.5.4C-1. This level is about 70 in below the DVI
connection to the reactor vessel. The injection from the DVI lines would not be affected
by the downcomer water leve! as long as the level is below the DVI connection.
Therefore in case there is an additional pressure loss of 0.39 psi across the core, the
downcomer water leve! would increase by about 12 in so that the flow through the core
is maintained. The water leve! in the downcomer would still be 58 in below the DVI
connection.

Even if the pressure drop was 1.0 psi across the debris, the downcomer water
level would increase by 30 in. (instead of 12 in.) and would still be well below (40
in.) the DVI connection. The flow through the core would be unaffected. This
pressure drop bounds the pressure drop calculated assuming a high percentage
of particles (70%) and the arbitrary particle characteristics of 1.1 specific gravity
and a 50,000 ft2/ft3 specific surface area.

In summary, the bounding pressure loss through a conservatively large amount of resident
debris that might deposit enthelower-core-suppor-plate-orin the core would not reduce the
flow to the core. In order to provide additional confidence that the above calculated
pressure drops are bounding, a COL item will be added to verify that potential resident
particles have an average specific surface area < 50,000 ft2/{t3 and an average specific
gravity > 1.1. The determination of these characteristics will be based on sample
measurements from operating plants, such as the research planned by the NRC to
characterize latent debris (Reference 2).

References:

1. NUREG/CR-6371, “BLOCKAGE 2.5 Reference Manhal”, December 1996.
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2. “Recent Results and Future GSI-191 Research” (Presentation at NEI PWR Sump
Performance Workshop, Baltimore, Maryland, 7/30-31/03), B. Letellier, Los Alamos
National Laboratory ‘
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Table 6.2.1 .8.3_1-1. Core Pressure Drop
Mass |PercentFiber| Percent | MassFiber | Wass | Thickness | Pressure | Pressure | Blockage
Debris Particulate (m) | Particutate () Drop (- | Drop (psf) | Cese Name
(Tbm) (tbm) water)
90 30% 70% 27 63 328 0.72 0.31 | APCO 301
__ 90 40% 60% 36 54 434 0.70 0.34 | APCO 302
Base Case 20 50% 50% 45 a5 5.43 0.91 0.39 | APCO_303
20 60% 40% 54 38 6.51 1.04 0.45__| APCO_304 |
80 70% 30% 63 27 7.59 121 052 | APCO_305
[60% of TotaiDebrls | 72 30% 70% 2 50 2.61 0.57 0.25__| APCO_311 |
72 40% 60% 29 43 347 063 027 | APCO 312
T2 50% 50% 36 38 4.30 0.72 031 | APCO 313
72 60% 40% 43 29 521 083 0.38 | APCO 314
72 70% 30% 50 — 22 6.08 097 042 | APCO 315
[120% of Totel Dedris 108 30% 70% 32 76 3.90 0.66 0.37 | APCO_300 |
\ 108 40% 50% 43 85 524 0.96 042__| APCO_307
108 50% 50% 54 54 652 1.09 047 | APCO_308
108 60% 40% 65 43 7.62 125 054 | APCO_309
108 70% 0% 76 3 9.12 145 0.63__| APCO_310
INPUT TO BLOCKAGE CODE
Vatuwe |Pmmchr| Dmrlptlon Note
AP1000 Catcuiation FlbunndeletﬂatoDebﬂstetm
0.986 | ﬁberbedpomsity
175 p, |Fiber denshy (b (b/7) also Matertal density
24 o |Fabricated Fiber Density
68,64 Py [Particle density (bo/it)
1.74E+05] Sv  |Specific (volumetric) surface area (it/)
{AP1000 Core Pressue Drop
1370 _|_ 685 __|Flow of Water though Recirc. gGPM)
200 __|Temperature of water at screen (deq. F.
41.55 Core Flow Area (T2
) Mass of Total Debris (Ibm) Base Case
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Core Pressure Drop
Mass | PercentFiber| Percent | MassFiber |  Mass Thickness | Pressure | Pres=ure | Biockage
Debris Particutate ) | Particutate m) Drop {ft- | Drop (ps?) | Case Name
(m) (bm)
100% of Totel Debris 20
90 30% 70% b7 63 3.20 0.72 031__| APCO_301
90 40% 60% ] 54 4.94 0.79 0.34 | APCO 302
Base Crsa 90 50% 50% 25 45 5.43 0.91 0.39 APCO_303
00 80% 40% 54 36 6.61 1.04 045 | APCO 304
90 | 70% 30% 53 27 7.59 121 0.52__ | APCO 505
[80% of Totsi Debris 12 30% T0% b2 ) 261 0.57 025__| APCO_311
72 40% 60% 20 43 347 0.63 027 | APCO 312
72| 5% 50% 8 38 430 | or2 031__| APCO 313
72 0% 0% 3 29 5.21 0.63 038__| APCO_314
72 70% 30% 22 6.08 097 042 APCO 315
[120% of Total Debris 108 30% 0% 76 3.00 0.80 0.37 | APCO 308
108 40% 0% 3 85 524 0.96 042__| APCO_S07
108 50% 50% 54 54 6.52 1.09 047 | APCO 308
100 60% 0% 65 23 7.02 1.25 0.54 | APCO_309 |
108 70% 30% 78 2 XV 145 0.63__| APCO 310
INPUT TO BLOCKAGE CODE
Vatue |Parameter Description Note
[AP1000 Calcutation Fiber snd Particuiate Debris Pare
0986 & |Pure fiber bed poroatty NUKON, Reference 2
175 Pr _ [Fiber density (/1) also Materiel density NUKON, Reference 2
24 | ©, |Fabricated Fiber Density NUKON, Reference 2
88.64 Py  |Portics density (Bu/fc) Specific Gravity of 1.1
1.71E405] Sv _ [Specific (vohmetric) surface area ({/T) NUKON, Reference 2
AP4000 Core Pressue Drop
1370 | 685 _|Fiow of Weter though Recic. Scredn (GPM)
200 Temperature of water at screen (delg. F.) ‘
41,55 Core Flow Area (ft2) " Reference 4
90 Mass of Totel Debris (Thm) Basa Case
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Table 6.2.1.8.3_1-2. Sensitivity Studies: Blockage Runs on Varying Attributes of the Particulate Debris

6 29fed 24 1-e9'1'29l0H3SA

Mass |Percent] Percent | Mass Mass Particle| Particle | Particle |[Thickness| Pressure | Pressure TBMnm
Debris | Fiber | Particulate | Fiber |Particulate| 8v Fab, | Materfal | (in) Drop Drop Case
(Tbm) (bm) | (bm) | (M2M3)| Denshty Dmﬂ,y (ft-water) | (ps) Name
20 | 30% 70% 27 63 |20000] 6864 | 6864 3.26 0.72 0.31 |APCO_301
20 | 40% 60% 36 54 120000| 6864 | 68.64 4.34 0.79 0.34 |APCO_302
Base Case 20 | 50% 50% 45 45 | 20,000] 6864 | 68.64 5.43 0.01 0.39 _|APCO_303]
80 | 60% 40% 54 36  [20000[ 68.64 | 68.64 6.51 1.04 0.45 |APCO 304,
90 | 70% 30% 83 27 |20,000] 6864 | 68.64 7.59 1.21 0.52 | APCO._305]
| 90 | 30% | 70% | 27 | 63 |50,000| 6664 | 6864 | 328 | 221 | 006 |APCOs301
| Part.SG=1.1, | 90 | 50% | 50% 45 45 |50000] 6864 | 6864 | 543 1.76 0.76__|APCOe303
Sv=50,000 90 | 70% 30% 63 27 50,000 | 68.64 68.64 7.59 1.71 0.74 |APCO®305|
90 | 30% 70% 27 63__|50,000] 180.00 | 180.00 | 3.26 0.08 0.42 | APCOf301
Paint(Note1) | 80 | 50% 50% 45 45 50000] 180.00 | 180.00 | 543 1.19 0.52 | APCOf303
90 | 70% 30% 63 27 150,000] 160.00 | 180.00 | 7.59 1.45 0.63 | APCOT305
| 80 | 30% | 70% | 27 | 63 800_| 300.00 | 491.00 | 326 | 043 0.19__|APCOg301 |
Junk(Note 1) | 80 | 50% 80% | 45 | 45 900 | 300.00 | 491.00 | 543 0.83 0.38 | APCOg303
‘ 90 | 70% 30% 63 27 900 | 300.00 | 491.00 | 7.59 1.25 0.54__|APCOg305
90 | 30% | 70% 27 63 | 20,000| 90.00 | 110.00 | 3.28 0.59 0.26 _|APCON301|
Cal.SMicate | 00 | 50% 50% 45 45  120000] 90.00 | 110.00 | 543 0.87 0.38__ | APCON303}
(Notet)" 90 | 70% 30% 63 27 120,000] 60.00 | 110.00 | 7.59 1.22 0.53 | APCON305]
. ‘ INPUT TO BLOCKAGE CODE .
Value |Panmetef| ‘ Description Note
AP1000 Calculation Fiber and Particulate Debris Parameters
0.986 & ___|Pure fiber bed porosity
175 py___|Fiber density (ibm/ft3) also Material denstty
2.4 co___|Fabricated Fiber Density
| 68.64 pp___|Particle denstty (Ibm/M3)
1.71E+05] S, |Specific (volumetric) surface area (R2/3)
JAP1000 Core Pressue Drop -
1370 Flow of Water though Core (GPM)
200 Temperature of water at screen (deg. F.)
41.55 |Core Flow Area (ft2)
Note 1 |Debris Type Attributes from NUREG/CR-8371 Table 4-3, Reference 1
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Design Control Document (DCD) Revislon:
None DCD Table 1.8-2 will be revised as follows:
Table l.8-2» (Sheet 3 of 6)

SUMMARY OF AP1000 STANDARD PLANT
COMBINED LICENSE INFORMATION ITEMS

Item No. Subject Subsection
43-1 Changes to Reference Reactor Design 434
4.4-1 Changes to Reference Reactor Design ~~ 44.7
5.2-1 ASME Code and Addenda o 526.1
5.2-2 Plant Specific Inspection Program B 5262
531 Reactor Vessel Pressure - Temperature Limit Curves 53.6.1
53-2 Reactor Vessel Materials Surveillance Program 5.36.2
533 Surveillance Capsule Lead Factor and Azimuthal Location Confirmation 53.63
534 Reactor Vessel Materials Properties Verification 5364
53-5 Reactor Vessel Insulation , 5365
5.4-1 Steam Generator Tube Integrity ' 54.15
6.1-1 Procedure Review for Austenitic Stainless Steels 6.1.3.1
6.1-2 Coating Program ' 6.13.2
6.2-1 Containment Leak Rate Testing , 6.2.6
6.3-1 Containment Cleanliness Program ' : 6.3.8.1
6.3-2 Verification of Containment Resident Pérticulate Debris Characteristics 6.3.8.2
6.4-1 Local Toxic Gas Services and Monitoring 64.7
6.4-2 Procedures for Training for Control Room Habitability 6.4.7
6.4-3 Main Control Room Inleakage Test Frequency - 7 ‘ 6.4.7

. , - ] DSER 016.2.1.8.3-1 R2 Page 10
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DCD section 6.3.8 will be revised as follows:
63.8 Combined License Information
63.8.1  Containment Cleanliness Program

The Combined License applicants referencing the AP1000 will address preparation of & program to limit
the amount of debris that might be left in the containment following refueling and maintenance outages.

6.3.8.2 Verification of Containment Résident Particulate Debris Charactéristics

The Combined License applicants referencing the AP1000 will determine that resident particles
that could be present considering the plant location and the containment cleanliness program, have
an average specific surface area < 50,000 ft2/ft3 and an average specific gravity > 1.1. The
determination of these characteristics will be based on sample measurements from operating
plants. (Terry — can we name the ongoing program here?) If these characteristics are not satisfied,
then a determination will be made that the resident debris particle characteristics, when
considering the plant-specific cleanliness program, -will allow for adequate core cooling.

PRA Revision:

None

DSER 016.2.1.8.3-1 R2 Page 11
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DSER Open Item Number: 14.2-1 Iteni aa (Response Revision 1)

Original RAlI Number(s): None

- Summary of Issue:

Refer to Ref. 1, Section 14.2.9.1.7, Expansion, Vibration, and Dynafnic Effects Testing:

The test abstract describes preoperational testing for safety-related, high energy piping systems
and components. The tests are required to verify that these systems and components are
properly installed and supported consistent with the analytical basis for their design. These
tests are designed to provide additional assurance that these safety-related systems have been
adequately designed and constructed, and to verify that appropriate assumptions have been
used in the analytical models for predicting system responses 1o anticipated transients and
postulated design basis accidents.

Although the test abstract description included in the design control document (DCD) Tier 2
Material is adequate, there is no reference to any applicable Tier 1 Material (i.e., Inspections,
Tests, Analyses and Acceptance Criteria (ITAAC)), nor does it appear that any ITAAC have
been written to provide documentation of the test measurements for thermal expansion and for
vibration amplitudes, and their comparison to allowable values.

Because of the safety significance of these systems, the corresponding tests of the as-built
facility, and the comparison of test results to applicable acceptance criteria, should be included
in the DCD Tier 1 Material to preclude potential departures from these requirements without
appropriate NRC staff review. Please update the AP1000 DCD Tier 1 Material by providing
appropriate ITAAC information for those systems, or portions thereof, described in Reference 1,
Section 14.2.9.1.7, that will be subject to preoperational, hot functional testing prior to fuel load.

Reference 1: AP1000 DCD, APP-GW-GL-701 Rev.3, Tier 2 Material, dated January 2003.
Westinghouse Response:

The purpose of the expansion, vibration and dynamic effects testing is to verify that the safety-
related, high energy piping and components are properly installed and supported such that
expected movement due to thermal expansion during normal heatup and cooldown, and as a
result of transients; thermal stratification and thermal cycling; as well as vibrations caused by
steady-state or dynamic effects do not result in excessive stress or fatigue to safety-related
plant systems and equipment, as described in DCD section 3.9. In effect, this test is verifying
that the ASME Class 1, 2 and 3 piping systems are designed consistent with the piping stress
analyses that is performed to demonstrate conformance with the ASME code. The Tier 1
material includes suitable ITAAC to demonstrate that the as-built piping systems designated as
ASME Code Section il are designed and constructed in accordance with ASME Code Section
Il requirements. This design commitment can be found in every Tier 1 system description that
contains ASME Code piping. The ITAAC require that the ASME Code Section lil design report

. DSEH Ol 14.2-1aa R1 Page 1
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exists for the as-built piping. Therefore an additional ITAAC specifically for the expansion,
vibration and dynamic effects testing is not added to the AP1000 Tier 1 material.

Please note that in accordance with accepted practice, the Tier 2 material does not reference
Tier 1 material, except as discussed in DCD Section 14.3. In addition, the AP1000 Tier 1

material is consistent with the material that was identified as Tier 1 for the AP600, and is -
consistent with the approach that was taken for the other certified designs.

DCD Revision:

None

PRA Revision:

None

” DSER Ol 14.2-1aa R1 Page 2
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DSER Open Item Number: 14.2-1 ltem bb (Response Revision 1)
Original RAI Number(s): None
Summary of Issue:

Refer to Ref. 1, Section 14.2.9.1.8, Contro! Rod Drive System

The test abstract describes preoperational testing for control rod drive mechanisms and
associated motor-generator sets and control circuitry. These tests are required to provide
assurance that construction and installation of essential, safety-related reactivity control
components have been completed in accordance with the design.

Although the test abstract description included in the DCD Tier 2 Material is adequate, there is
no reference to any applicable Tier 1 Material (i.e., ITAAC), nor does it appear that any ITAAC
have been written to provide documentanon of these tests including comparisons to specified
acceptance criteria.

Because of the safety significance of these components, the corresponding tests of the as-built
configuration and the comparison of test results to applicable acceptance criteria, should be
included in the DCD Tier 1 Material to preclude potential departures from these requirements
without appropriate NRC staff review. Please update the AP1000 DCD Tier 1 Material by
providing appropriate ITAAC information for those components described in Reference 1,
Section 14.2.9.1.8, that will be subject to preoperational, hot functional testing prior to fuel load.

Reference 1: AP1000 DCD, APP-GW-GL-701 Rev.3, Tier 2 Material, dated January 2003.
Westinghouse Response:

Testing of the contro! rod drive system is included in Tier 1 under 2.1.3 Reactor System. This
section provides the Tier 1 Design Commitments and associated ITAAC for the contro! rod drive
mechanisms. : ,

Please note that in accordance with accepted practice, the Tier 2 material does not reference
Tier 1 material, except as discussed in DCD Section 14.3. In addition, the AP1000 Tier 1
material is consistent with the material that was identified as Tier 1 for the AP600, and is
consistent with the approach that was taken for the other certified designs.

DCD Revision:

None

PRA Revision:

None
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DSER Open ltem Number: 15.2.7-1 (Response Revision 1)
Original RAlI Number(s): None
Summary of Issue:

Through analyses performed for the AP600, it was established that the evolution of the LTC is
independent of the initiating transient and the determining parameters are the decay heat,
cooling water fiow and steam-water flow resistance. At the initiation of the LTC, the core has
been quenched, the accumulators and the CMTs have emptied, and the IRWST injection has
stabilized. At this stage the objective is to demonstrate that the passive system is capable of
removing the decay heat. Therefore, the limiting case has the highest decay heat, the lowest
cooling water flow, and the highest resistance to steam-water mixture exiting the vessel. As in
the APG600 the parameters of the limiting case occur in the DEDVI line break. DCD Tier 2
Section 15.6.5.4C.2 presents a DEDVI line break with an ADS-4 single failure. Initial
containment pressure was derived from the WGOTHIC code, and the transient was carried to
9,000 seconds until after a quasi-steady state sump recirculation was established. The results
are presented in DCD Tier 2 Figures 15.6.5.4C-1 through 15.6.5.4C-28. The results show that
the fuel PCT is low, and the water circulation is adequate to provide core cooling. :

With regard to the boron precipitation issue, the results presented in DCD transient analysis
(1) did not quantify the amount of water exiting the vessel; (2) there was no clear indication of
void distribution in the core; (3) did not characterize the water-steam mixture flow regime in the
ADS-4; and (4) did not minimize the steam velocity through the ADS-4. At the staff's request,
the applicant presented a more conservative case by assuming that all ADS-4 valves are open
and the containment pressure is at a maximum. in addition, the applicant presented a
qualification of the WCOBRA/TRAC mode! regarding ADS-4 water-steam flow (RAl responses
to 440.091, Revision 1). The staff reviewed this information and (as stated above) found that
there is adequate justification for the WCOBRA/TRAC ADS-4 flow model. The applicant
demonstrated that the flow regime is the same as in AP600 (annular flow) which would entrain
fluid particles to expel water from the vesse! as required to avoid boron concentration in the
vessel and/or precipitation. The amount of water to be removed from the core was quantified. In
addition, literature was cited regarding flow regimes apphcable to the condmons of the ADS-4
which reinforced the credibility of the results. ,

However, the applicant did not present a detalledr énough case regarding void distribution in the
core. Persistent voiding in the core could result into adiabatic heating of the fuel. This is Open
ltem 15.2.7-1.
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Westinghouse Response Revision 1:
Summary

The original AP600/AP1000 WCOBRA/TRAC Long Term Cooling (LTC) rmode! used in the DCD
was based on a simplified noding. In particular, the core region was subdivided in [

c
Questions have been raised about the adequacy of such modeling, and in particular the axial
core noding was judged to be insufficient to correctly model the core axial void fraction
distribution.

As a result, the AP1000 LTC model was extended/modified as follows:
1. The Core was subdivided in [

C

‘2. The core region was subdivided axially in { ¢ andis now consistent wi'th

nodalizations used to validate WCOBRA/TRAC against G1, G2 and FLECHT-SEASET
tests. , ,

3. The Upper Pienum explicitly models the CCFL region above the upper core plate and the
nodalization is now equivalent to Westinghouse WCOBRA/TRAC LBLOCA model which was
validated against full-scale UPTF tests.

Additional code validation was identified for the application of the revised WCOBRA/TRAC
model to simulate the AP1000 LTC conditions. Selected G1 and G2 full-scale boil-off tests at
pressure and power levels, which are prototypical of AP1000 conditions, were selected to
validate the WCOBRA/TRAC core model. This validation included the determination, via
sensitivity studies, of a corrective multiplier applied to the interfacial drag model such that the
average core void fraction could be accurately predicted. Results from this validation are
included in this response.

The validated model was then applied to simulate the LTC transient following a DEDVI break,
which exhibits the most limiting relationship between core decay power (maximum) and
available PXS liquid head (minimum).

The revised WCOBRA/TRAC analysis showed that adequate core cooling exists during the
entire Long Term Cooling transient. The core inlet flow is more than sufficient to remove the
decay heat and additional liquid is stored in the upper plenum and hot leg. No core temperature
excursion is predicted to occur.

In addition a sensitivity study was performed where the interfacial drag coefficient was reduced
by 20%. Results indicate that, under the AP1000 conditions, the core interfacial drag model has
a negligible effect on the inner vessel mixture level. In both calculations (YDRAG=1.0 and
YDRAG=0.8) mixture level is predicted in proximity of the hot leg centerline and the hot leg
collapsed liquid level is almost identical in the two sensitivity cases.

These results are consistent with conclusions about the AP1000 system discussed in the
response to Open ltem 21.5-3. The analysis based on the simple AP1000 mode! showed that

Wesﬂnghuuse DSER Ol 16.2.7-1 R1 Page 2
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the system draws more flow through the core than is needed to remove decay heat. Under
those circumstances the mixture level is above the top of core and is virtually independent of the
level swell model used within the core. In the AP1000 DEDVI event, during the long term
cooling, the average core exit quality is indicated to be always less than 50%. This flow regime
is quite different than a boil-off scenario such &s in the G1 and G2 tests. In the boil-off mode the
exit quality is approximately 1.0 and, once the two-phase mixture level drops below the top of
the heated section, the rods are exposed to pure steam and can undergo an almost adiabatic
heat-up. As a result, because of the sufficient liquid supply to the core, core heat-up does not
occur during the AP1000 LTC phase following a LOCA event.

WCOBRA/TRAC Core Vold Fraction Model Assessment Agalinst G1 and G2 Low Pressure
Boll-off Tests.

G1 test runs 28, 35, 38, 58 and 61 and G2 test runs 728, 729, 730, 732, 733, 734 were selected
to validate the WCOBRA/TRAC core void fraction mode! used to perform the AP1000 long term
cooling analysis. The following table shows the comparison between the test conditions and
conditions expected in the AP1000 during the transient.

Pressure Power - | Core/Assembly Inlet
Test (psla) (kW) Flow Subcooling
o (invsec) (F)
AP1000 20 45 0.02 0.18- | 0.4 0.8 14 80
G1 [ ) Fe
G2 [ , ]a,c

As discussed in the previous summary the AP1000 core is not to expected to be in a boil-off
mode. Nevertheless, these experiments are useful to characterize the void fraction distribution
and/or average void fraction within the core region when the mixture level is located above the
top of the core.

G1 represents a protot{pical [
. G2 represents a |
]a.b.c

For G1 the WCOBRA/TRAC Model includes the heated section, the lower plenum and the
upper plenum and the downcomer region. The heated section is subdivided in [ b

. 2,0,
The boil-off test is initiated by semng the liquid level in the heated section and in the downcomer
region to a given value. The power is turned on at the beginmng of the test. The liquid in the
lower plenum | )

]a.b.c

09/04/2003
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The WCOBRA/TRAC model for G2 is Very similar. In this case [

]a,b.c

At each given time, the location of the mixture level is defined by examining the rod temperature
axial distribution. The rod surface temperature is close to saturation below the mixture level and
suddenly increases significantly above the saturation temperature above the mixture level.

The average void fraction below the mixture leve! is related to a parameter called swell ‘S’

defined as follows: b,c

—s

Figure 1 shows the measured swell compared to the swell predicted by the nominal
WCOBRA/TRAC interfacial drag model. The swell (or average void fraction) tends to be over-
predicted by the code. '

] . a,b,c

: ngre 1
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The G1 and G2 calculations were repeated by applying a multiplier (YDRAG=0.8) to the
interfacia! drag coefficient. Figure 2 shows the effect of a reduced interfacial drag. The
predicted swell or void fraction is now in good agreement with the test data captured within
+20%. This multiplier was selected to be used in the revised WCOBRA/TRAC LTC analysis
presented herein.

a,b,c

Figure 2

Results from the revised WCOBRA/TRAC model for the AP1000 Long Term Cooling
phase following a DEDVI Break in PXS Room B.

The method used to analyze the AP1000 Long Term Cooling with WCOBRA/TRAC is described
in the DCD and in the AP1000 code applicability document. The transient begins from the end
of DEDVI analysis of NOTRUMP at 3000 seconds, and continues with boundary conditions
provided by WGOTHIC (containment analysis) predictions.

Main results from the revised WCOBRA/TRAC LTC calculation are presented here and will be
included in the revised DCD. The DCD includes a more detailed description of the transient.
Here the discussion is limited to address the level swell issue and to derive some conclusions
about the vesse! liquid inventory which demonstrates that adequate cooling exists during the
LTC.

09/04/2003
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DSER Open Item Number: 15.2.7-1 stesponse Revision 1)
Original RAI Number(s): None
Summary of Issue:

Through analyses performed for the APG00, it was established that the evolution of the LTC is
independent of the initiating transient and the determining parameters are the decay heat,
cooling water fiow and steam-water flow resistance. At the initiation of the LTGC, the core has
been quenched, the accumulators and the CMTs have emptied, and the IRWST injection has
stabilized. At this stage the objective is to demonstrate that the passive system is capable of
removing the decay heat. Therefore, the limiting case has the highest decay heat, the lowest
cooling water flow, and the highest resistance to steam-water mixture exiting the vessel. As in
the AP600 the parameters of the limiting case occur in the DEDVI line break. DCD Tier 2
Section 15.6.5.4C.2 presents & DEDVI line break with an ADS-4 single failure. Initial
containment pressure was derived from the WGOTHIC code, and the transient was carried to
9,000 seconds until after a quasi-steady state sump recirculation was established. The results
are presented in DCD Tier 2 Figures 15.6.5.4C-1 through 15.6.5.4C-28. The results show that
the fuel PCT is low, and the water circulation is adequate to provide core cooling.

With regard to the boron precipitation issue, the results presented in DCD transient analysis
(1) did not quantify the amount of water exiting the vessel; (2) there was no clear indication of
void distribution in the core; (3) did not characterize the water-steam mixture fiow regime in the
ADS-4; and (4) did not minimize the steam velocity through the ADS-4. At the staff's request,
the applicant presented a more conservative case by assuming that all ADS-4 valves are open
and the containment pressure is at a maximum. In addition, the applicant presented a
qualification of the WCOBRA/TRAC model regarding ADS-4 water-steam flow (RAIl responses
to 440.091, Revision 1). The staff reviewed this information and (as stated above) found that
there is adequate justification for the WCOBRA/TRAC ADS-4 fiow model. The applicant
demonstrated that the flow regime is the same as in AP600 (annular flow) which would entrain
fluid particles to expel water from the vessel as required to avoid boron concentration in the
vessel and/or precipitation. The amount of water to be removed from the core was quantified. In
addition, literature was cited regarding flow regimes applicable to the conditions of the ADS-4
which reinforced the credibility of the results. ,

However, the applicant did not present a detailed enough case regarding void distribution in the
core. Persistent voiding in the core could result into adiabatic heating of the fuel. This is Open
ltem 156.2.7-1.

Wesﬂnghouse o DSER Ol 15.2.7-1 R1 Page 1
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Westinghouse Response Revision 1:
Summary

The original AP600/AP1000 WCOBRA/TRAC Long Term Cooling (LTC) model used in the DCD
was based on a simplified noding. In particular, the core region was subdivided in [ .

. Y Fe.
Questions have been raised about the adequacy of such modeling, and in particular the axial
core noding was judged to be insufficient to oorrect!y model the core axial void fraction
distribution.

As a result, the AP1000 LTC model was extendedlmodmed as follows:
1. The Core was subdivided in {
. ]a.c

2. The core region was subdivided axially in [ ]""’ and is now consistent with
nodalizations used to validate WCOBRNT RAC against G1,G2 and FLECHT-SEASET
tests.

3. The Upper Plenum explicitly models the CCFL region above the upper core plate and the
nodalization is now equivalent to Westinghouse WCOBRA/TRAC LBLOCA model which was
validated against full-scale UPTF tests. .

Additional code validation was identified for the application of the revised WCOBRA/TRAC
model to simulate the AP1000 LTC conditions. Selected G1 and G2 full-scale boil-off tests at
pressure and power levels, which are prototypical of AP1000 condttions, were selected to
validate the WCOBRA/TRAC core mode!l. This validation included the determination, via
sensitivity studies, of a corrective multiplier applied to the interfacial drag model such that the
average core void fraction could be aocuratety predicted. Results from this validation are
included in this response.

The validated mode! was then applied to simulate the LTC transient following & DEDVI break,
which exhibits the most limiting relationship between core decay power (maximum) and
available PXS liquid head (minimum).

The revised WCOBRA/TRAC analysis showed that adequate core cooling exists during the
entire Long Term Cooling transient. The core inlet flow is more than sufficient to remove the
decay heat and additional liquid is stored in the upper plenum and hot leg. No core temperature
excursion is predicted to occur.

In addition a sensitivity study was performed where the interfacial drag coefficient was reduced
by 20%. Results indicate that, under the AP1000 conditions, the core interfacial drag model has
a negligible effect on the inner vessel mixture leve!l. In both calculations (YDRAG=1.0 and
YDRAG=0.8) mixture level is predicted in proximity of the hot leg centerline and the hot leg
collapsed liquid level is almost identical in the two sensitivity cases.

‘These results are consistent with conclusions about the AP1000 system discussed in the
response to Open ltem 21.5-3. The analysis based on the simple AP1000 mode! showed that

. Westin ghDUSE ' | DSER 0|,15.2;7-1 R1 Page 2
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the system draws more flow through the core than is needed to remove decay heat. Under
those circumstances the mixture level is above the top of core and is virtually independent of the
level swell model used within the core. In the AP1000 DEDVI event, during the long term
cooling, the average core exit quality is indicated to be always less than 50%. This flow regime
is quite different than a boil-off scenario such as in the G1 and G2 tests. In the boil-off mode the
exit quality is approximately 1.0 and, once the two-phase mixture leve! drops below the top of
the heated section, the rods are exposed to pure steam and can undergo an almost adiabatic
heat-up. As a result, because of the sufficient liquid supply to the core, core heat-up does not
occur during the AP1000 LTC phase following a LOCA event.

WCOBRA/TRAC Core Vold Fraction Model Assessment Against G1 and G2 Low Pressure
Boll-off Tests.

G1 test runs 28, 35, 38, 58 and 61 and G2 test runs 728, 729, 730, 732, 733, 734 were selected
to validate the WCOBRA/TRAC core void fraction mode! used to perform the AP1000 long term
cooling analysis. The following table shows the comparison between the test conditions and
conditions expected in the AP1000 during the transient.

Pressure Power - corelAssémbly inlet
Test (psia) (kWit) Flow Subcooling
' B (in/sec) (F)
AP1000 20 45 0.02 0.18 0.4 0.8 14 80
Gi l R
G2 [ , |

As discussed in the previous summary the AP1000 core is not to expected to be in a boil-off
mode. Nevertheless, these experiments are useful to characterize the void fraction distribution
and/or average void fraction within the core reglon when the mlxture level is located above the
top of the core.

G1 represents a proto %plca! [
G2 represents a [ b

For G1 the WCOBRA/TRAC Model includes the heated section, the lower plenum and the

upper plenum and the downcomer region. The heated section is subdivided in [ :

a,b0,C

The boil-off test is initiated by setting the liquid level in the heated section and in the downcomer

region 10 a given value. The power is turned on at the beginning of the test. The liquid in the

lower plenum [

]&b.c

Westinghouse | | DSER Ol 15.2.7-1 R1 Page 3
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The WCOBRA/TRAC model for G2 is very similar. In this case [

]a,b,c

At each given time, the location of the mixture level is defined by examining the rod temperature
axial distribution. The rod surface temperature is close to saturation below the mixture level and
suddenly increases significantly above the saturation temperature above the mixture level.

The average void fraction below the mixt'ure, level is related to a parameter called swell ‘S’
defined as follows: ab,c

Figure 1 shows the measured swell compared to the swell predicted by the nominal
WCOBRA/TRAC interfacial drag model The swell (or average void fractlon) tends to be over-
predicted by the code.

ab,c

Figure 1

wes“nghouse - DSER Ol 15.2.7-1 R1 Page 4
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The G1 and G2 calculations were repeated by applying a multiplier (YDRAG=0.8) to the
interfacial drag coefficient. Figure 2 shows the effect of & reduced interfacial drag. The
predicted swell or void fraction is now in good agreement with the test data captured within
+20%. This multiplier was selected to be used in the revised WCOBRA/TRAC LTC analysis
presented herein.

a,b,c

Figure 2

" Results from the revised WCOBRA/TRAC mode! for the AP1000 Long Term Cooling
phase following a DEDVI Break in PXS Room B. ,

The method used to analyze the AP1000 Long Term Cooling with WCOBRA/TRAC is described
in the DCD and in the AP1000 code applicability document. The transient begins from the end
of DEDVI analysis of NOTRUMP at 3000 seconds, and continues with boundary conditions
provided by WGOTHIC (containment analysis) predictions.

Main results from the revised WCOBRA/TRAC LTC calculation are presented here and will be
included in the revised DCD. The DCD includes a more detailed description of the transient.
Here the discussion is limited to address the level swell issue and to derive some conclusions
about the vessel liquid inventory which demonstrates that adequate cooling exists during the

- LTC. : , , ,

, WestinghouSe . | oésaoné.zm R1 Page 5
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The time scale of the plots herein is adjusted to reflect DEDVI break transient time. Figure 3
shows the upper plenum pressure. The pressure decreases from its initial value to reach a
quasi steady state value of 28 psia at about 7000 seconds.

Upper Plenum Pressure

——p 20 3 0 PRESSURE
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Q- 2% '
24 - } { | i) 1 1 | 1 1 | [ i | 1 1 1
3000 5000 7000 - 8000 11000 13000
Figure 3

The next figures 4 and 5 show the ADS4 integrated fiows and the integrated flows from the DVi
nozzles:

Integrated ADS4—1 and ADS4-2 Flows
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ST T~ MTHD0027 50 3 0 Non-Pressurizer Side
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Figure 4
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Integrated DVI Injection Flow

IintgDVI 79 14 0 Intoct Side
-7 =~ IntgDV! 61 -2 0 Broken Side : -
VBT , I ——
800000 =]
P, - ] '
E 600000 £ =t
= - ~—1" '
400000 -F — =l
o - -
S 200000 £ Pl — =
- - - R
0-F ST
_200000 t | i I A 1 i 74 ] { )| 1 ] 1 {1 1
3000 5000 7000 8000 11000 13000

Figure 5

The inner vessel collapsed liquid level as well as the core region only collapsed liquid level are
shown in Figures 6 and 7:

Inner Vessel Collapsed Liquid Level

LO-LEVEL 2 0 0 inner Vesse! Level
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Figure 6 :
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Core Collapsed Liquid Level
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Figure 8 shows that the mixture level is located in proximity of the hot leg centerline.

HOT LEG No. 2
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* Figure 8
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It is worth to note that the LTC case was analyzed with both nominal interfacial drag model and
with 20% reduced interfacial drag model and it was observed that the hot leg levels from these
calculations were nearly identical as shown in Figure S.

Westinghouse -  DSEROI 15271 Rt Page 9
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HOT LEG No. 2 with Nominal Interfaciel Drag ~ HOT LEG No. 2 with 807% Interfacial Drag
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Figure 9

This resutlt is an indication that once the mixture leve! is located above the top of the core and
well into the upper plenum, the interfacial drag mode! or core swell model has a very small
effect on the overall system behavior. :

The liquid supply (core inlet liquid flow) is always sufficient to remove the decay heat. Additional
liquid is stored in the upper plenum and discharged by the ADS-4. Figure 10 shows that the
ADS-4 average exit quality float around 50% during the LTC transient.

09/04/2003
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ADS-4 Exit Quality
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Figure 10

The predicted void fraction at the top of the core hot assembly is approximately 0.8 during the
transient (Figure 11) which is another indication that sufficient liquid is provided at the top of the
core preventing core heat-up from occurring.

Figure 12 shows that the clad temperature in the top region of the core is always close to the
saturation temperature and no heat-up excursion is predicted to occur.
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Cladding Temperatures at Higher Elevatlions

TCLAD 1 77 - 3918 ELEV. 13.47 FT.
TCLAD 1 63 3915 ELEV. 10.99 FT.

N
-4
L)

Temperoture (F)

7000 9000
Figure 12

05/04/2003

Westinghouse | DSER O1 15.27-1 Rt Page 12



AP1000 DESICGN CERTIFICATION REVIEW d

Draft Safety Evaluation Report Open liem Response

Additional Conslderations

Further investigations were made to establish what flow regime should be expected in the top
region of the core to further support that under the conditions expected during the LTC,
adequate core cooling is provided to prevent core heat-up from occurring.

The expected fiow regime at the top of the core is a chumn or pulsated annular flow. The steam
velocity is so low that entrainment of droplets is not expected to occur. Based on Ishii and
Grolmes (1975) inception criteria for droplet entrainment in two-phase concurrent film (rol!l wave
and liquid jet instabilities) the critical superficial velocity for droplet entrainment was estimated to
be 77 ft/s (P=40 psia). Yonomoto et. al. (1987) (JAERI) established a criterion for entrainment
onset based on reflood tests in rod bundle prototypical geometries and conditions. Based on
Yonomoto model the onset is at about 20 fi/s at the same conditions. During the LTC, the vapor
superficial velocity at the core exit is expected to be lower than 16 ft/s.

The possibility that the CHF could be exceeded below the two-phase mixture level was also
investigated. Schosse et. al. (1997) presented a review of CHF correlations applicable to fow
upward flows near atmospheric pressure. i was found that the AP1000 typical heat flux (the
average heat fiux is about 1.0 Btuft>-s at 3000 sec.) is significantly less than the critical heat flux
which can be predicted with their model. -
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Design Control Document (DCD) Revision:

Revision 1 of this response provides a complete markup of DCD subsection 15.6.5.4C,
including an additional LTC analysis case (wall-to-wall floodup) and the revisions associated
with the response to boron precipitation during the LTC phase. The revised Figures 15.6.5.4C-1
through 15.6.5.4C-28 are included.
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15.6.54C Post-LOCA Long-Term Cooling
15.6.5.4C.1 Long-Term Cooling Analysis Methodology

The AP1000 safety-related systems are designed to provide adequate cooling of the reactor indefinitely.
Initially, this is achieved by discharging water from the IRWST into the vessel. When the low-3 level
setpoint is reached in the IRWST, the containment recirculation subsystem isolation valves open and
water from the containment reactor coolant system (RCS) compartment can flow into the vessel through
the PXS piping. The water in containment rises in temperature toward the saturation temperature. Long-
term heat removal from the reactor and containment is by heat transfer through the containment shell to
atmosphere.

The purpose of the long-term cooling analysis is to demonstrate that the passive systems provide adequate
emergency core cooling system performance during the IRWST injection/containment recirculation time
scale. The long-term cooling analysis is performed using the WCOBRA/TRAC computer code to verify
that the passive injection system is providing sufficient flow to the reactor vessel to cool the core and to
preclude boron precipitation.

The AP1000 long-term cooling analysis is supported by the series of tests at the Oregon State University
AP600 APEX Test Facility. This test facility is designed to represent the AP600 reactor safety-related
systems and nonsafety-related systems at quarter-scale during long-term cooling. The data obtained
during testing at this facility has been shown to apply to the AP1000 (Reference 25). These tests were
modeled using WCOBRA/TRAC with an equivalent noding scheme to that used for AP+360600
(Reference 1722) in order to validate the code for long-term cooling analys1s

Reference +724 provides details of the APél 000 WCOBRA/TRAC modeling. The coarse reactor vessel
ntode! ng used for AP600 has been replaced with a detailed noding like :s-muen-eoarserthan-that
applied in the large-break LOCA analyses described in subsection 15.6.5.4A. to pennitfaster-eomputation
ana—ees etess-detalreguirea-tortheslowly-ehar ging-purameters o lved—orthetong-term

wrans ioRto- The egqurvatent-reactor vessel noding is-used in the AP1000 long-term cooling analyses in core
and upper plenam regions is equivalent to that used in full-scale test simulations (se¢ Reference 24).

A DEDVI line break is analyzed because it is the most limiting long-term cooling case in the relationship
between decay power and available liquid driving head. Because the IRWST spills thetransfer-directly
onto the containment floor in 8 DEDVI break, this event has the highest core decay power to sump
mrecuon-when the transfer to sump injection is initiated. In postulated DEDV] break cases, sefore-the
compartment water level exceeds the elevation at which the DVI line enters the reactor vessel, so water
can flow from the containment into the reactor vessel through the broken DVI line; this in-flow of water
through the broken DVI line assists in the heat removal from the core. The steam produced by boiling in
the core vents to the containment through the ADS valves and condenses on the inner surface of the steel
containment vessel. The condensate is collected and drains to the IRWST to become available for
injection into the reactor coolant system. The WCOBRA/TRAC analysis presented analyzes the DEDVI
small-break LOCA event from a time (3000 seconds) at which IRWST injection is fully established to
tobeyond the time of containment recirculation. During this time, the head of water to drive the flow into
the vessel for IRWST injection decreases from the initial level to its lowest value at the containment
recirculation switchover time. FPXS Room -B is the location of the break in the DVI lineisudjacest-te
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thevesselnozzle, At this break locahon,&heaﬁ—ﬂewmugh%h&hreke%%mmm
RWSF-edrams liquid level in containman: at the time of recirculation is 2 minimum.

A continuous analysis of the post-LOCA long term cooling is provided from the time of stable IRWST
injection through the time of sump recirculation for the DEDVI break. Maximum design resistances are
applied in WCOBRA/TRAC for both the ADS Stage 4 flow paths and the RWST injection and
containment recirculation flow paths.

The break modeled is a double-ended guillotine rupture of one of the direct vessel mj ection lines. The
long-term cooling phase begins after the simultaneous opening of the isolation valves in the RWST DVI
lines and the opening of ADS Stage 4 squib valves, when flow injection from the IRWST has been fully
established. Initial conditions are taken from the NOTRUMP DEDVI case at 25 psia contamment
pressure reported in subsection 15.6.5.4B. :

15.6.5.4C.2 DEDVI Line Break with ADS Stage 4 Single Failure, Passive Core Coohng System Only
Case; Continuous Case ‘

This subsection presents the results of a DEDVI line break analysis during IRWST injection phase
continuing into sump recirculation. Initial conditions at the start of the case are prescribed based on the

- NOTRUMP DEDVI break results to allow a calculation to begin shortly after IRWST injection begins in
the small break long-term cooling transient. The WCOBRA/TRAC calculation is then allowed to proceed
until a quasi-steady-state is achieved. At this time, the predicted results are independent of the assumed
initial conditions. This calculation uses boundary conditions taken from 8 WGOTHIC analysis of this

event. During the calculation, which is carried out for 10,9000 seconds until a quasi-steady-state sump |
recirculation condition has been established, the IRWST water level is decreased continuously until the
sump recirculation setpoint is reached.

In the analysis, one of the two ADS Stage 4 valves in the PRHR loop is assumed to have failed. The
initial reactor coolant system liquid inventory and temperatures are determined from the NOTRUMP
calculation. Fhws-equetestoafut-towe—plpum-nnd-downeor efrredteeallapsed-hqudtave o+ Ot
tretative-to-the-battenrofthe- hested-lengt—and-ecollapsed-level ef 2 2Htectinthe upper-plewm-The
core makeup tanks do not contribute to the DVI injection during this phase of the transient. Steam
generator secondary side conditions are taken from the NOTRUMP calculation (at the beginning of long-
term cooling). The reactor coolant pumps are tripped and not rotating.

The levels and temperatures of the liquid in the containment sump and the containment pressure are based
on & WGOTHIC calculations of the conservative minimum pressure during this long-term cooling |
transient, using the methodology described in Reference 17. Small changes in the RCS compartment

level do not have a major effect on the predicted core collapsed liquid level or on the predicted flow rate
through the core. Sersttrvitvstudies-fertris-break-secnaror whielr-rarzedJevel fromHO feette 1694
W&MW%W&W%N—ne minimum compartment floodup level
for this break scenario is 1097.48 feet or greater.

In this transient, the IRWST provides a hydraulic head sufficient to drive water into the downcomer
through the intact DVI nozzle. Also, water flows into the downcomer from the RCS loop compartment
through the broken DVI line once the liquid level is adequate to support flow. The water flows down the
downcomer and up through the core, into the upper plenum. Steam produced in the core and liquid flow

‘ Wesﬁnghnuse | | DSER Ol 15.2.7-1 R1 Page 15

09/04/2003




AP1000 DESIGN CERTIFICATION REVIEW

Draft Safety Evaluation Report Open ltem Response

out of the reactor coolant system via the ADS Stage 4 valves. There is little flow out of ADS Stages 1, 2,
and 3 even when the IRWST liquid level falls below the sparger elevation, so they are not modeled in this
calculation. The venting provided by the ADS-4 paths enables the liquid flow through the core to
maintain core cooling.

Approximately 500 seconds of WCOBRA/TRAC calculation are required to establish the quasi-steady-
state condition associated with IRWST injection at the start of long-term cooling and so are ignored in the
following discussion. The hot leg levels are such that during the IRWST injection phase the quality of the
ADS Stage 4 mass flows varies as water is carried out of the hot legs. This periodically increases the -
pressure drop across the ADS Stage 4 valves and the upper plenum pressure. The higher pressure in the
upper plenum reduces the injection flow. This cycle of pressure variations due to changing void fractions
in the flow through ADS Stage 4 is consistent with test observations and is expected to recur often during
long-term cooling.

The head of water in the IRWST causes a flow of subcooled water into the downcomer at an approximate
rate of 1780 Ibm/see through the intact DVI nozzle at the start of long-term cooling. The downcomer level
at the end of the code initiation (the start of long-term cooling) is about 4918.5 feet (Figure 15.6.5.4C-1).
Note that the time scale of this and other figures in subsection 15.6.5.4C.2 is offset by 2500 seconds; that
is, a time of 500 seconds on the Figure 15.6.5.4C-1 axis equals 3000 seconds transient time for the
DEDVI break. All of the injection water flows down the downcomer and up through the core. The
accumulators have been fully discharged before the start of the time window and do not contribute to the
DVI flow.

Boiling in the core produces steam and a two-phase mixture, which flows into the upper plenum. The core
is 14 feet high, and the core average collapsed liquid level (Figure 15.6.5.4C-2) is abeut—-7--eet-at

shov/u from: the start of long-term cooling. The boiling process causes a variable rate of steam production
- and resulting pressure changes, which in turn causes oscillations in the liquid flow rate at the bottom of
the core and also variations in the core collapsed level and the flow rates of liquid and vapor out of the top
of the core. In the WCOBRA/TRAC noding, the core is divided s#ao+vo-asimwdevels—eaeiroi-winels—
fee-nghioth axially and radially as described in Reference 24, The void fractions in the 1op two
Jeveis reils of the hot assembly are shown as Figures 15.6.5.4C-3 and -4.-The-eare-voiddrae tomis fow
{vr—{-ae-btmem%«a&-—has—a—meaﬁ-vsai-mtehen—}eﬂs-lhen—e——-—f-i-heﬁ&me-lwﬂu—t sra-ecoolng-Fanse Rt
The aseruge void fraction of these upper core cells is about e*eeeM 8 durmg Mﬁ—eﬁlong-term
cooling, during IRWST injection. and: eee +i-tha-into
th:¢c containment recirculation period.. &m%wmm-emﬂﬁhkﬁewes-l‘here is a continuous
flow of two-phase fluid into the hot legs, and mainly vapor flow toward the ADS Stage 4 valve occurs at
the top of the pipe. The collapsed liquid level in the hot leg varies between --+0.9 feet to 1.75 feet (Figure |
15.6.5.4C-5). The hot legs on average are more than 50-percent full. Vapor and liquid flows at the top of
the core are shown in Figures 15.6.5.4C-6 and 15.6.5.4C-7, the upper plenum collapsed liquid level in
Figure 15.6.5.4C-8. Figures 15.6.5.4C-9 and 15.6.5.4C-10 are ADS stage 4 mass flowrates.

The pressure in the upper plenum is shown in Figure 15.6.5.4C-11. The upper plenum pressure
fluctuation that occurs is due to the ADS Stage 4 water discharge. The het+od-PCT at the top of the hot
assem)ly rod follows saturation temperature (Figure 15.6.5.4C-12), which demonstrates that the
calcuiated eerecore collapsed liquid ieve. is adeguate to ¥provoide enough liquid at the top of the
core that no uncovery and no cladding temperature excursion occurs. A small pressure drop is
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calculated across the reactor vessel, and injection rates through the DVI lines into the vessel are presented

in Figures 15.6.5.4C-13 and -14. Figure 15.6.5.4C-124 shows the flow is outward through the broken |
DVI line at the start of the long-term cooling period, and it increases to a maximum average value of

about 529¢ Ibm/s after the compartment water level has increased above the nozzle elevation to permit
liquid injection into the reactor vessel. In contrast, the intact DVI line-B flow falls from 1780 Ibm/s with

a full IRWST to about 8665 Ibm/s flow from the containment at the end of the calculation. The

recirculation core liquid throughput is more than adequate to preclude any boron buildup on the fuel.

15.6.5.4C.3 DEDVI Break and Wall-to-Wall Flooﬂup; Containment Recirculation

This subsection presents a DEDVI line break analysis with wall-to-wall flooding due to leakage between
compartments, using the window mode methodology. All containment free volume beneath the level of

the liquid is assumed filled in this calculation to generate the minimum water level condition during
containment recirculation. The time identified for this calculation is 2&-514 days into the event, and the |
core power is calculated accordingly. The initial conditions at the start of the window are consistent with
the analysis described in subsection 15.6.5.4C.2. Containment recirculation is simulated during the time
window. The calculation is then-carried out over 3009-seeonds—w-riel15-a time period long enough to
establish a quasi-steady-state solution; after 1000 seconds of problem time, the flow dynamics are quasi-
steady-state and the predicted results are independent of the assumed initial conditions. The liquid level is
simulated constant at 28.~29 feet” above the bottom inside surface of the reactor vessel (refer to Figure
15.0.3-2 for AP1000 reference plant elevations) during the time window, andwhile the liquid temperature
in containment is 205°Fset-at-tha-saturatior-eondition-at. tThe identified containment pressure is 19.0ef
32-7 psia. The single failure of an ADS Stage 4 flow path is assumed as in the subsection 15.6.5.4C.2
case.

Focusing on the 1000- to 30064000--second time interval of this case, the containment liquid providesa |
hydraulic head sufficient to drive water into the downcomer through the DVI nozzles. The water

introduced into the downcomer flows down the downcomer and up through the core, into the upper

plenum. Steam produced in the core entrains liquid and flows out of the reactor coolant system via the

ADS Stage 4 valves. The DVI flow and the ventmg provided by the ADS paths provide a liquid flow
through the core that enables the core to remain cool.

The downcomer collapsed liquid level (Figure 15.6.5.4C-15) is almost constant during the transient at
about 254 feet, just below the lower lip of the esid-regDV1 line nozzles. Pressure spikes produced by |
boiling in the core can cause the mass flow of the DVI flow rates shown in Figures 15.6.5.4C-27 and -28
into the vessel to stop momentarily, but the injection flow is quickly reestablished.

Boiling in the core produces steam and a two-phase mixture, which flows out of the core into the upper
plenum. The core is 14 feet high, and the core collapsed liquid level (Figure 15.6.5.4C-16) maintains a
mean level close to the top of the core. The boiling process causes pressure variations, which in tumn,
cause- variations in the core collapsed level and the flow rates of liquid and vapor out of the top of the
core. In the WCOBRA/TRAC nedinganalysis, the core is divided-inte-twe-axial-levels-eack 7 feet
jongncdalized as described in Rererence 24, The void fraction in the top +evelcell is shown in Figure
15.6.5.4C-1817 for the core hot assembly, and ke Figure 15.6.5.4C-1-#18 shows the sxal-void
fraction that exists ar-1e-bottenrievetone (ell further down in the hot assembly. The PCT does not rise
appreciably above the saturation temperature (Figure 15.6.5.4C.3-26) at the top of the hot rod. The flow .
throug‘h the core and out of the reactor coolant system is more than sufficient to provide adequate flushing
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to preclude concentration of the boric acid solution. Liquid collects above the upper core plate in the

upper plenum, where the average collapsed liquid level is about 4-63.6 feet (Figure 15.6.5.4C-22). There |
is no significant flow through the cold legs into either the broken or the intact loops, and there is no
significant quantity of liquid residing in any of the cold legs.

The pressure in the upper plenum is shown in Figure 15.6.5.4C-25. The upper plenum pressurization,

which occurs periodically, is due to the ADS Stage 4 water discharge. The collapsed liquid level in the

hot leg of the pressurizer loop varies between 8:01.0 feet to 2:92.2 feet, as shown in Figure 15.6.5.4C-19. |
Injection rates through the DVI lines into the vessel are presented in Figures 15.6.5.4C-27 and -28.

15.6.5.4C.4 Long-Term Core Boron Concentration

For the AP1000, water carryover out -hi ADS Stage 4 lines limits the potential core boron
concentration buildup following a cold leg LOCA. The higher the ADS Stage 4 vent quality, the
higher the core boron concentration bui’ dup. Analyses have bicen performed to bound the
maxinium core boron concentration buildup.

These anialyses demonstrate that high:st ADS Stage 4 vent qualities result from the following:
¢ Highest decay heat levels

e  Lowest PXS injection-/ADS 4 veat flows, including high line resistances and low containment
water levels '

The LTC analysis discussed in subsection 16.6.5.4C.2 is consistent with these assumptions. The <D~
Stage 1 vent quality resulting from this ;. nalysis is less than 40 percent at the beginning of IRYVN
injection and reaches 2 maximum of less than S0 percent around the initiation of recirculation. It
decreases after this peak, dropping to a “-alue less than 8§ percen: at 14 days.

With high decay heat values, the ADS Stage 4 vent flows and velocities are high. These high vem
velocities result in flow regimes taat a -e annuiar out through at least 14 days and slug/churn after
that ti me. Such flow regimes can move water up and out the ADS Stage 4 lines. These flow reginics
are based on the Taitlel-Dukler vertical Jow rezime map. Lower decay heat levels czn also be
postuiated later in time or just after a refueling outage. Significantly lower decay heat levels resuit
in lowr ADS Stage 4 vent qualities. They also result in ADS Stage 4 vent flows/ velocities that are
much iower. With low ADS 4 vert flow velocities, the AP1000 plant will operate as a manometer.
The sriall amount of steam generated in the core is sufficient to reduce the density of the
steam-water mixture in the ADS Stage 4 line and allow the injection head to push the steam/water
mix ot.t tac ADS Stage 4 line. The lim: tiisg concition for core boron buildup is with high decay heat
that leads to the highest ADS Stage 4 vent qualities.

With the maximum ADS Stage 4 vent qualities, the maximum core boron concentration peaks at a
value less than 7400 ppm at the titme of 1 ecirculation initiation. After this time, the core boron
concentration decreases as the ADS Stage 4 vent quality decreases, reaching 5000 ppm about

6 hours after the accident. The core boron solubility temperarure reaches a maximum of 58°F (at
7400 gpm) and quickly drops to 40°F at 5000 ppm). With these low core boron solubility

tempe ratares, there is no concern with cold PXS injection water causing boron precipitation in the
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core. With the IRWST located inside containment, its water temperature is normally expected to be
above thcse solubility temperatures. The minimum core inlet temperature is greater than 120°F
considering the minimum IRWST tenipcerature permitted by the Technical Specifications (50°F)
and the heatup of the injection by steam condensation and pickup of sens:bie heat from the reactor
vessel, core barrel, and lower support plate.

The boron concentration water in the containment is initially about 2980 ppm. As the core boron
concentration increases, the containment conceatration decreases slightly. The minimum boron
concertration in containment is greater than 2¢50 ppm. The solubility temperature of the

contai nment water at its maximum boren concentration is 32°F.

15.6.5.4C.54 Conclusions

Calculations of AP1000 long-term cooling performance have been performed using the WCOBRA/TRAC
model approvedforA2600developed fcr AP1000 and described in Reference 24. The DEDVI case
was chosen because it reaches sump recirculation at the earliest time (and highest decay heat). A window
mode case at the minimum containment water level e-menthpostulated to occur 2 weeks into long-term
cooling was also performed. ,

The DEDVI small--break LOCA exhibits r o signifiecnt-margin-te-core uncovery with-a-fave-abledue to
itx adequ ate reactor coolant system mass inventory condition during the long-term cooling phase from its
initiation into containment recirculation. Adequate flow through the core is provided to maintain a low
cladding temperature and to prevent any buildup of boric acid on the fuel rods. The wall-to-wall floodup
case using the window mode technique demonstrates that effective core cooling is also provided at the
minimum containment water level. The results of these cases demonstrate the capablhty of the AP1000
passive systems to provide long-term coolmg for a hmmng LOCA event.
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PCF-ef-the-Hot RedHot Rod Cladding Temperature Near Top of Core |
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DVI-A Mixture Flow Rate
(DEDVI Case)
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Collapsed Lével of Liquid in the Downcomer
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3
25 —
e 21
T =
> —
3
S 5
’E_ 15 -
J -
o =
(3]
(2] -
Q.
S n
S 1
5 <
Bottom of HotLeg |
o ] J | T i L i T | 4 ! J
0 1000 2000 3000 4000
Time (s)
Figure 15.6.5.4C-19
Collaps'ed Liquid Level in the Hot Leg of Pressurizer Loop
(Wall-to-Wall Floodup Case)
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Collapsed Liquid Level in the Upper Plenum
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Figure 15.6.5.4C-23

' Mixture Flow Rate Through ADS Stage 4A Valves
(Wall-to-Wall Floodup Case)
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Figure 15.6.5.4C-24

Mixture Flow Rate Through ADS Stage 4B Valves
(Wall-to-Wall Floodup Case)
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Figure 15.6.5.4C-25
Upper Plenum Pressure
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DVI-A Mixture Fiow Rate
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DVI-B Mixture Flow Rate
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Draft Safety Evaluation Report Oper ltem Response

PRA Revision:

None

WCAP Revision:

WCAP 15644 “AP1000 Code Applicability Report” Revision 1 includes the description and
- additional validation of the WCOBRA/TRAC long-term cooling mode! discussed in this
response. :
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