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Docket No. 52-001

Mr. John T. Larkins, Executive Director
Advisory Committee on Reactor Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Dear Mr. Larkins:

SUBJECT: REVISED PAGES FOR THE SAFETY EVALUATION REPORT ON THE ADVANCED
BOILING-WATER REACTOR (ABWR) DESIGN

The advance copy of the safety evaluation report (SER) on the ABWR design was
provided to the Advisory Committee on Reactor Safeguards (ACRS) in December
1993. This SER identified 14 open items remaining from the staff's review of
GE Nuclear Energy's (GE's) application for design certification. The purpose
of this memorandum is to provide the ACRS with the revised pages of the SER
that document the basis for resolution of 13 of these issues. Accordingly,

O the enclosure describes the draft SSAR changes and GE actions or other
information, which provide the basis for reclassifying these items.

As in the past, each of the confirmatory items will be resolved only after the
staff verifies i. hat the information provided by GE has been adequately and
accurately incorporated into the ABWR standard safety analysis report (SSAR).
The staff expects this information to be provided in Amendment No. 34 to GE's
SSAR, and it will include several types of changes. This amendment will
address the open and confirmatory items identified in the advance copy of the
SER, and it will include changes resulting from-(l) the; staff's comprehensive
review of SSAR Amendment No. 33 and the certified design material, (2) the NRR
Independent Quality Review Group findings, and (3) the independent audit of
the technical specifications. In addition, Amendment No. 34 will reflect SSAR
changes resulting from the ACRS review and implementation of the Commission's
metrication policy.
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John T. Larkins -2- March 8, 1994

The staff is currently updating the SER to resolve legal and editorial ;

comments and to incorporate the enclosed revisions. The staff will also
respond, in Chapter 21 of the SER, to the comments made by the ACRS in its
upcoming letter. After the staff verifies that all of the required
modifications have been made to the SSAR, it will request the Commission's ;

!approval to publish the " final" SER as a NUREG report,
|
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Dennis M. Crutchfield, Associate Director
i

for Advanced Reactors and License Renewal !

Office of Nuclear Reactor Regulation
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( The staff is currently updating the SER to resolve legal and editorial
comments and to incorporate the enclosed revisions. The staff will also
respond, in Chapter 21 of the SER, to the comments made by the ACRS in its
upcoming letter. After the staff verifies that all of the required
modifications have been made to the SSAR, it will request the Commission's
approval to publish the " final" SER as a NUREG report.

y ;jh } } (. ' hhY
bennisM.Crutchfield,4AssociateDirector

for Advanced Reactors and License Renewal
Office of Nuclear Reactor Regulation

Enclosure:
Revised pages for

ABWR SER
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See next page
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Enclosure
.

Note to recipient:

The enclosed pages are provided as markups or inserts to the advance
copy of the Safety Evaluation Report related to the certification of the ABWR
design, which was issued in December 1993.

Index of ABWR Open Items
i

Item No. Description of Item Advance SER Pane No.

F1.1-1 Request for withholding under 9 2.790 1-2

F1.9-1 Additional C0L' Action items 1-12

F4.2-1 Generic fuel licensing (fuel burnup limit) 4-3

F6.2.1.9-1 Suppression pool strainer 6-29

F8.3.3.6-1 Adding non-class lE loads to Class lE systems 8-59

F14.3.2.3.1-l* ACRS comments on fires and flooding design 14-46

F17.1.3-1 Inspection of QA program Open

F18.8.4-l* Containment related EPGs 18-39

F19.2.3.2.2-l* ACRS concern with equipment tunnel protection 19-55
/

F19.2.3.3.7-1 Equipment survivability 19-78

F19.2.3.3.8-l* Containment sump design 19-82
,

F19.3.3.2.1-l* RIP maintenance and replacement 19-101
,

F19.3.3.2.1-2* CRD maintenance and replacement 19-102

F20.5.30-1 RPV water level instrumentation diversity 20-124

* Corrected Open Item #

|
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considered in evaluating the proposed design. A sumary of the principal
. matters of the staff's review is provided in Section 1.5 of this report.

The staff provided the status of its initial review of the ABWR SSAR in a
series of " draft" SERs. These draft SERs and the chapters of the SSAR that
were evaluated were submitted to the Commission as follows:
Commission Paper (Date) SSAR Chapter

SECY-91-153 (May 24, 1991) 2-6, 17

SECY-91-235 (August 2, 1991) 3, 9, 10, 11, 13

SECY-91-294 (September 18,1991) 7

SECY-91-309 (October 1, 1991) 19

SECY-91-320 (October 15, 1991) 18

SECY-91-355 (October 31, 1991) 2, 3, 5, 6, 8, S, 10, 12, 13, 14, 15

The staff is continuing its review and plans to issue a " final" SER as a NUREG
report after GE resolves all of the open and confirmatory items identified in
Sections 1,6 and 1.7 of this report, and any additional issues identified by
the ACRS. The staff is presently reviewing the SSAR, including Amndment 33,
to verify that the advance SER findings are still valid and supported by the
SSAR. The staff is also performing a review of the SSAR, final technical
specifications (TSs), and CDM to assure that this information is internally
consistent. This was identified as Confirmatory Item 1.1-1 in the DFSER and

,O resolved before issuance of the final SER.
is now Confirmatory Item F1.1-1. Any inconsistencies or discrepancies will be ,

In a letter dated November 9, 1993, the NRC directed CE to revise the SSAR and
CDM to conform with the NRC's Metrication Policy, which was publ:shed in the
Federal Reuister (57FR46202) on October 7, 1992. The NRC reques%d that these
revised documents be submitted prior to March 4, 1994. As stated in the
November 9,1993, letter, the staff will prepare the final SER in dual units.

In its application, GE stated that it is developing the.ABWR design to meet
the requirements in the Electric Power Research Institute's (EPRI) Advanced
Light Water Reactor Program. The Commission requested, in a staff require-
ments memorandum (SRM) dated December 15, 1989, that the staff evaluate
deviations that the vendor designs have with the EPRI document. This was
identified as Open Item 1.1-1 in the DFSER. GE stated in a letter dated
April 29, 1993, that the SSAR satisfies the objectives of the policy guidance
set forth by the Commission in the above SRM. The Commission designated this
response to be acceptable in COMSECY-93-040, dated August 10, 1993. This
resolves DFSER Open Item 1.1-1.

This SER references information in the SSAR that GE has requested, in a letter
dated November 5,1993, to be withheld as proprietary in accordance with the -
provisions sf 10 CFR 2.790. |The staff has not completed its review of GE's /

/ request for withholding.( This Open Item F1.1-1 4 Several references to GE
topical reports are also made in this SER. Sr te of these topical reports
contain information that has been authorized b, the Commission to be exempt

Tpst6 0
ABWR FSER l-2 DECEMBER 1993
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Open Item F1.1-1 Request for withholding under E 2.790.

h i

iF Insert A. SER page 1-2
)

In a letter dated March 3, 1994, GE committed to submit additional proprietary 1

information on Chapters 11 and 18 of the SSAR and provide one or more .!

affidavits as required by 6 2.790. This is now Confirmatory item Fl.1-2., .|
u
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7.2.4 Applicable regulation for control room annunciators.-

7.2.6 Applicable regulation for digital instrumentation and controlD systems.

8.3.9 Applicable regulttion for Station Blackout.

9.5.1 Applicable regulation for Fire Protection.

17.3 Applicable regulation for reliability assurance program.

19.1 Applicable regulation for seismic margins.

19.2 Applicable regulation for core debris cooling.

19.2 Appliable regulation ior i11gre pressure cm melt ejection.

19.2 Applicable regulation for containment performance.

19.2 Applicable regulation for containment vent.

19.2 Applicable regulation for equipment survivability.

19.3 Applicable regulation for shutdown risk.

20.4.21 Exemption from Safety Parameter Display Console.

20.4.31 Exemption from post-accident sampling.

20.5.26 Exemption from two isolation barriers

20.5.46 Exemption from dedicated containment penetration.

1.9 Combined License Action Items

Applicants and licensees who reference the certified ABWR design will be
required by the design certification rule to conform with the requirements and
commitments in the DCD, which are identified in the SSAR. Many of these
requirements and commitments were identified as COL action items in the DFSER.
These items generally consist of programmatic, site-specific, and applicant-
specific issues. An applicant will be required to describe the resolution of
these items in its application for a COL. The staff requested GE to include
the list of COL action items in a future amendment to Chapter 1 of the SSAR
and provide an explanation in the applicable sections of the SSAR. This was
identified as Open Item 1.9-1 in the DFSER.

GE incorporated the COL action items identified by the staff in the DFSER and 1

referred to these items-in the SSAR as " COL license informaticn." The staff ;

per identifieq some additional issues for consideration as COL action items.
These include (increased capability for the ACIWA system, enhanced reliability i
for the turbine trip logic, operating procedures for venting, testing of RCIC
bypass, and materials selection. This it nor Open Item F1.9-1.

py r O'I\ WAs
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Open Item F1,9-1 Additional COL Action items-

insert B-1. SER pace 1-12

In a letter dated February 7, 1994, GE responded to the COL action items ,

identified above and provided markups of the SSAR as appropriate. The

following discussion describes the resolution of these items.

For the ACIWA system, GE identified a revision to SSAR Section 191.3.1 and
added a new Section 19.9.21 requiring that the COL applicant revise the plant-
specific PRA if the ACIWA is housed in a separate building. The staff finds
this response acceptable.

GE indicated that the turbine trip logic is within the ABWR design scope and
provided revisions to SSAR Sections 10.2.1.2, 10.2.2.4, 10.2.4, 10.4.1.2,
10.4.1.5.1, 10.4.6.1.2, 10.4.6.2.1, 10.4.7.1, 10.4.7.2.3, 10.4 7.3, 10.4.7.5,
and revised several figures in Chapter 10. This information provides more
detail on the trip logic and the benefits gained in turbine availability. The
staff finds these changes acceptable and determined that an additional COL
acti~on item is not needed.

GE also provided new SSAR Subsections lA.2.5 and 1A.3.6, which added a COL-
action item for venting procedures. The staff finds this response acceptable.

For testing of RCIC bypass, GE modified SSAR Subsection lA.2.23 and added
Subsection 1A.3.8, which included a COL action item to perform a bypass start
system test. The staff finds this response acceptable.

For materials selection, GE added a new SSAR Subsection 12.3.1.1.1, which
provided design commitments that will reduce _ potential exposures through the
use of appropriate materials. In addition, GE added SSAR Subsection 12.3.7.4,
which included a COL action item. The staff finds this response acceptable.

The staff completed its review of the list of COL license information provided
in the SSAR up through Amendment 33 and notified GE af missing and redundant
items. GE has committed to provide an updated list in the upcoming amendment
to the SSAR. One of the missing COL action items is a requirement for the COL
applicant to provide an updated PRA during the construction and operation
stages. The staff's recommendation for this "living" PRA is provided in the

;last paragraph of Section 19.1.2 of this report. !

Open item F1.9-1 is now Confirmatory Item Fl.9-1. Additional inserts for this
item are provided for pages 12-4, 20-87, and 20-117. |

, .

I
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GESTARII, Revision 10,SupplementforUnjedStates,Appe x C. However.
- the staff has noted deficiencies in the generic fuel lic sing criteria. In

/
its audit summary, " Audit Team Audit of AE II Fuel De gn Compliance with

'g] d the lack of a burnup
NEDE-240ll-P-A," dated March 25,1992,9,thestaffna parallel fuel burnuplimit requirement in the fuel criteria There
problem area (DFSER Confirmatory Item 4.2-1) for the ABWR discussed below.

For the ABWR, GE has not directly referenced GESTAR II or the fuel criteria
amendment. Instead GE has provided SSAR Appendix 4B which provides a similar
set of criteria for the ABWR. Appendix 48 criteria are essentially ident:ical
to the criteria approved by the staff for GESTAR II. Since they are similar
to the GESTAR II criteria, they are generally acceptable. However, some addi-
tions or restrictions are necessary. The staff review of the Appendix 48
criteria and the staff audit of the generic criteria has indicated the
following restrictions are necessary for the long-term use of the criteria:

NRC-approved analytical models and analysis procedures of General Crite-=

rion (1) to be used without further review must be limited to those
referenced in GESTAR II, Revision 10, or previous revisions. Methods
developed and approved in later GESTAR 11 revisions will not automati-
cally apply to the ABWR and will have to be specifically reviewed and
approved for ABWR use.

Fuel burnup limits must be specified and justified based on material*

properties versus exposure data for each fuel type used in the ABWR and
may be extended only with NRC review and approval. This was identified
as DFSER Confirmatory Item 4.2-1.

d/
( In response to the staff request for burnup limit and review statements in the
k fuel criteria, GE .his indicated that such a criterion is unnecessary and not a

safety issue. However, they hqve proposed the following statement for the
SSAR. p

Burnup limits will be specified for each fuel type used in the ABWR.
e current maximum exposure limit for any GE fuel design is

70 %rs h m.. ..m...,.c.. y - / metric ton of uranium (GWd/MTU)
M3f peak pellet exposure (~60 GWd/MTU rod average exposure). Any

6f extension to this maximum exposure limit in excess of 10 GWd/MTU
will be submitted to the NRC for review and approval based on the'

available supporting materials properties vs. exposure information
and planned surveillance program. In no event will the GE fuel
design maximum exposure limit required by the NRC be lower than the
maximum of all exposure limits approved by the NRC for LWR fuel
vendors. j

The staff review of this submittal I nds that the proposed limit is higher
than previously approved for GE (60 GWd/MTU, peak pellet), that an unreviewed
extension of 10 GWd/MTV is excessive, and that limits approved for other
vendors do not necessarily apply to GE fuel without specific review for GE.
The staff considers the burnup limit a safety question and have several fuel
operating concerns at burnup levels above those currently approved for BWRs
(about 60 GWd/MTV peak-pellet burnup). These concerns impact normal opera-

r tion, off-normal transients, and accidents.
I
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A brief summary of the concerns are:

[= No prototypical LWR operating data above about 62 GWd/MTU.
('

* No fuel transient data above about 46 GWd/MTU.

Significant drop in cladding ductility observed at about 60 GWd/MTV.*

Decrease in fuel thermal conductivity and changes ir, other physical*

properties.

Changes in LOCA rod behavior at higher burnup levels.*

fission gas release.*

Other issues that need to be addressed on a design specific basis for an
extension in fuel burnup are:

Assembly and cladding corrosion. fg*

LPFuel rod and assembly axial growth. O*

+. -Grid; pacer spring relaxation,
a + m s uoj e <A

Since GElias provided a fuel bJrnup limit, the staf considers DFSER Confirma-
tory Item 4.2-1 resolved. However, GE has been re uested to augment its
proposed fuel design criteria for the ABWR to inc de fuel burnup limits and

'

.

In the Lateft Mglipto indicate that these limits may be extended on1 with NRC review and
fappro Av ty&iscuctient ith C: hsve nvi , whcd 'th; i sstre.

q subnTTttal*Sf GE Ahty h=d'omitted previous cbjhthes that the staff has not ,

V the MAPLHGR TS maximum burnup listing, but this would effectively disappear in*| Cm OgwJh;f jimposed explicit burnup limits in the past. (They had appeared indirectly in
y'"' U p p ) ,COLRs.) However, they proposed peak burnup limits of 70 GWd/MTV (peak pellet)

which is greater than limits previously approved by the staff (60), and they
4Wve also proposed that extensions to approved values which would not need

staff review and approval should be at least 10 GWd/MTU,.which the staff

p'/considerstobehighlyexcessive. This .r-emstis.an / pen f tem for the ABWR -m
review. % % fq.2-g g
With approval of the ABWR fuel criteria, new ABWR fuel designs (or changes) 4ggk @\
satisfying the criteria would not require explicit staff review, other than

' hEits use by a COL applicant for the first cycle core loading.

Similar to the presentation of the ABWR fuel design, GE has provided a speci-
fic design for the control rod. This design was used in the safety analyses
of SSAR Chapters 6 and 15. GE also proposed control rod design criteria,
similar in concept to those for the fuel designs, to be used as a basis for
the proposed control rods or future new design submittals. Just as for the
fuel design, the specified control rod design used in the ABWR safety analyses
will constitute, based on the staff review and approval, an approved design
that may be used by the COL applicant for first cycle without further staff
review. If the COL applicant changes the design, the staff will require new
submittals for review and approval.

The ABWR control rod design has, for the most part, the same geometrical and h
material design characteristics of those approved and used for current Fi

V

ABWR FSER 4-4 DECEMBER 1993



.- .. . . . - . . . - . _ . .- .-. - .- - -. ..

.

Open Item F4.2-1 Generic fuel licensing (fuel burnup limit)-

Insert C. SER pace 4-4

In the final response to this open item, GE provided changes to the fuel
licensing acceptance criteria of Section 48.3(2) (j), " Submittal Supporting
Accelerated ABWR Schedule-Response to Open item F4.2-1," dated February 4,:
1994, which now states that (1) fuel burnup limits will be .specified for fuel
used in the ABWR design, (2) the current limit for the ABWR' fuel is 60 GWd/MTU
rod average exposure, and (3) any extension of this limit will be submitted to
the NRC for review and approval.

These changes provide an acceptable resolution of the need for burnup
restrictions indicated in the staff review. The 60 GWd/MTU limit is
acceptable based on the staff review of high performance data for GE fuel
during the NRC audit of the fuel design process for the GE 11 fuel referenced
above. The data supporting the high burnup performance that were examined
during the audit included GE 8X8 fuel of the type used in the ABWR reference
core. Therefore, the above item becomes Confirmatory item F4.2-1.

,

,

h

i

|
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,
configuration, (5) a suppression pool cleanup system will be employed, and
(6) the combined operating license applicant will develop a program for

(9 maintaining suppression pool cleanlinc .s.
V

The staff believes that the actions specified by GE are appropriate; however,
they do not address the potential lack of conservatism within RG 1.82,
Revision 1 due to the deleterious effect of finely fragmented insulation.
Reducing the total amount of insulation within the containment would not
resolve this problem; as the sizing criteria is based on correlations within
the Regulatory Guide. Therefore, less insulation would lead to smaller (D&O
strainers. The staff believes an acceotable resolution to this issue is to g undh[/q
sj,ze the strainers in accordance with RG 1.82. Revision 1 but orovide a factor
of 3 sizino maroin to account for uncertainty in the syneraetic effects of

g g 11rainer clocaina from insulation. cor.tglion oroducts. and other debris.
@ i 2.2 Containment Heat Removal System

The containment heat removal system, which is an integral part of the RHR
sy: tem, will consist of three redundant loops. Each loop is designed so that
a failure in one loop cannot cause a failure in another. In addition, each of
the loops and associated equipment is located in a separate protected area of
the reactor building to minimize the potential for single failure, including
the loss of onsite or offsite power causing the loss of function of the entire
system. The system equipment, piping, and support structures are designed to
seismic Category I criteria.

The containment heat removal system encompasses the following RHR operating
modes: -

Low-Pressure Flooder (LPFL) Mode |
=

Following a LOCA, containment cooling starts as socn as the LPFL injec- ,

tion flow begins. During this mode, water from the suppression pool is I
pumped through the RHR heat exchangers and injected into the reactor ;

vessel. The LPFL mode is automatically initiated by a low water level in
the reactor vessel or high pressure in the drywell. In addition, each !
loop in the RHR system can also be placed in operation by means of a ,

manual initiation push-button switch. '

Suppression Pool Cooling Mode.

i

Following a LOCA, the suppression pool cooling subsystem provides a means
to remove heat released into the suppression pool. During this mode of
operation, water is pumped from the suppression pool through the RHR heat
exchangers and back to the suppression pool. This mode is automatically
initiated, as needed, by closing the LPFL injectio'n valves and opening
the suppression pool return valves. In response to an RAI, GE indicated
that the heat removal function will be initiated within 10 minutes
following a LOCA. The staff found this to be sufficiently conservative
and adequate to achieve the necessary containment cooling function.

O
V
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Open Item F6.2.1.9-1 ' Suppression pool strainer,

\ Insert D. SER oaae 6-29

This was open item F6.2.1.9-1. In response to this item, GE provided an SSAR
markup of Section Appendix 6C in a letter dated February 14, 1994. To account
for the uncertainty in the head loss calculations, GE will size the .

RHR suction strainers at least 3 times the basic strainer surface area
obtained from RG 1.82, Revision 1, for all breaks except the main steam line
and RCIC steam line. For breaks in the main steam line and RCIC steam line,
the strainer sizing will follow the criteria in RG 1.82, Revision 1.

GE indicated that in the event of RHR strainer clogging following a break in
the main steam line or RCIC steam line, the shutdown cooling mode of the RHR
system is capable of removing decay heat. RHR shutdown cooling takes suction
directly from, and returns to, the reactor vessel. For coolant makeup to the
reactor vessel during shutdown cooling operation, the high pressure core
flooder would provide the necessary coolant from the condensate storage tank.

The RCIC and HPCF suction strainers in the suppression pool are sized in '

accordance with RG 1.82, Revision 1, and do not include the factor of 3 in
sizing criteria. The RCIC and HPCF systems preferentially take suction from
the condensate storage tank. In the event of transfer of the RCIC or HPCF
suction to the suppression pool and the strainers become clogged, the reactor
could be depressurized using the automatic depressurization system and the RHR

'would then remove decay heat either through reactor injection or shutdown
cooling mode.

'The staff finds the strainer sizing criteria proposed by GE to be acceptable,
given the existence of the shutdown cooling operation to remove decay heat in
the event that the RHR suction strainers become clogged following a break in
the main steamline or RCIC steamline. For other breaks, the staff concludes

'

that sizing the RHR suction 3 times the area obtained from RG 1.82,
Revision 1, will sufficiently reduce the potential for clogging. Therefore,
the above open item becomes Confirmatory Item F6.2.1.9-1.

1

i
I
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Associated (Class _ IE circuits will remain with or be physically separated'
i*

in the same manner as those Class 1E circuits with which they are j6 '

k associated, ;
.

Associated [ Class IEJ circuits will remain with or be physically separated
'

in the same manner as those Class lE circuits with which they are
associated, from the Class 1E equipment to and including an isolation
device.

.Y :

Associated' Class 1E' circuits (including their isolation devices or their,

connected loads witaout isolation devices) will be subject to all |
*

!

requirements placed on Class IE circuits.
|

Non-Class 1E circuits powered from a Class IE power supply will be* |

limited to power circuits related to the FMCRDs and lighting systems.

The staff concludes that Class IE systems, eqqiht, and components will be
adequately protected from associatedlClass lE] circuits and/or non-Class IE ,

'

circuits powered through an isolation device from a Class IE power supply. In
addition, the staff concluded that sufficient independence will be maintained
between redundant Class IE systems, equipment, and components. The design
therefore meets the independence and protection requirements of GDC 4 and 17
of 10 CFR Part 50, Appendix A, and is acceptable.

Verification that GE has provided the above design information in a futurey]/ SSAR amendment was DFSER (SECY-92-349) Confirmatory Item 8.3.3.6-1. GE has/

included the above design information in Sections 8.3.3.1 and 8.3.1.1.1 of
SSAR Amendment 32 which is acceptable. Therefore, this item is resolved.

Certified Desian Material

DFSER (SECY-92-349) Open Item 8.3.3.6- was related to the design description
and the ITAAC for associatedfClass IElcircuits. The adequacy and acceptabil-
ity of the ABWR design descriptions and ITAAC are evaluated in Chapter 14.1 of
this report. On the basis of this evaluation, this item is resolved.

The staff har determined that a commitment was required in the design descrip-
tion of electrical systems that states that non-Class IE circuits connected to
the Class 1E syste , hall be limited to circuits in the FMCRD and lighting
subsystems. This i pen Item F8.3.3.6-1. % 3 g
8.3.3.7 Diesel Generator Protective Relaying Bypass

Section 8.3.1.1.6.4 of SSAR Amendment 10 indicated th'at the following identi-
fied protective relaying will trip the diesel generator and will be retained
under LOCA conditions. This relaying included the generator differential, bus
differential, engine over speed, low diesel cooling water pressure (two out of
two sensors), and low differential pressure of secondary cooling water (two
out of two sensors). Other diesel generator protective trips will be bypassed
during LOCA conditions.OV
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Open Item F8.3.3.6-1 Adding non-Class 1E loads to Class lE systems -
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GE has included this commitment in a markup of the design descriptions of
Sections 2.12.1 and 2.12.2 of the Certified Design Material dated February 4,
1994. The staff finds this acceptable. This is now Confirmatory item

~

F8.3.3.6-1.

G

.

6
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Amendment 20 of the SSAR. The adequacy and acceptability of the SSAR is
evaluated in Chapter 1 of this report. On the basis of this evaluation this-

r item is resolved.
!

The potential for creating extremely high dose rates in the upper drywell\
during spent fuel handling operations and the potential for high dose rates
around unshielded portions of the TIP conduit are discussed in Section 12.3.2
of this report.

12.1.3 Operational Consideration

Operational considerations regarding the implementation of a radiation pro-
tection program are outside the scope of this desigr. certification review.
The COL applicant referencing the ABWR design will address these operational
considerations to the level of detail provided in RG 1.70 (Rev. 3). This was
identified as DFSER COL Action Item 12.1.3-1. Amendment 23 revised Sec-
tion 12.1.3 of the SSAR to identify these operational considerations as an
area to be addressed by the COL applicant. GE has also included this action
item in the SSAR. The adequacy and acceptability of the SSAR is evaluated in
Chapter 1 of this report.

12.1.4 COL License Information

Section 12.1.4 of the DSER (SECY-91-355) identifies three issues concerning
compliance with RGs 8.10 (Rev.1) and 1.8 (Rev. 2), and procedures for keeping
occupational exposures ALARA, as outside the scope of this review. This was
identified as DFSER COL Action Item 12.1.4-1. Amendment 20 to the SSAR

n revised Section 12.1.4 to properly characterize these issues. GE has also
( included this action item in the SSAR. The adequacy and acceptability of thei

k) SSAR is evaluated in Chapter 1 of this report.
'dI; SERT 412.2 Radiation Sources
p

The staff has audited the contained source terms and airborne radioactive'

material source terms provided in Section 12.2 and Chapter 11 of the ABWR SSAR
for completeness against the guidelines in RG 1.70, " Standard Format and
Content of Safety Analysis Reports for Nuclear Power Plants," (Rev. 3), and
against the criteria set forth in Section 12.2 of NUREG-0800 (SRP). The
contained source terms are used as the basis for designing radiation protec-
tion features (including radiation shielding) and for personnel dose assess-
ment. Airborne radioactive source terms are used in the design of ventilation
systems and personnel dose assessment. The staff's review consisted of
ensuring thu GE had either committed to following the criteria of RGs and
staff positions contained in SRP Section 12.2 or provided acceptable alterna-
tives. In addition, the staff selectively compared source terms for specific
systems against those used for plants of similar design. The staff's review
indicates that source term descriptions in the SSAR are not adequate to meet
the criteria of RG 1.70 (Rev. 3) and NUREG-0800.

At the current stage in the ABWR design, GE does not have the specifications
for the "as-built" systems nor the "as-procured" hardware that would be
available for a completed plant. Therefore, GE cannot describe the radioac-

p)tivesystemcomponents,whichwillbesignificantin-plantradiationsources,)
(

to the level of detail specified in RG 1.70 and the SRP. Although these
L-
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. Open-Item 1.9-1 Additional COL Action items

Insert B-2. SER paqe 12-4

l
In Open Item F1.9-1, the staff identified the need for GE to include a COL
action item related to the use of appropriate materials in the ABWR design
which would reduce the potential for personnel exposures. GE provided-a '
submittal dated February 7,-1994, which included a markup of SSAR_Section
12.3.7.4, that added a COL Action Item stating that-the applicant will reduce
maintenance exposure through material selection following the design
commitments included in SSAR Section 12.3.1.1.2. The staff found this
commitment for a COL action item to be acceptable.

.

P
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s taff Js" evaluating ACRS comments regarding the need for verifidation of'

s

D fires and flooding analyses in the ITAAC for buildings. This M4 Open

( Item F14.3.2-1.r
MMConclusions

On the basis of the above, the staff concludes that the design of the plant
SSCs importar.' to safety in the ABWR can be adequately verified by ITAAC that
ensure that top-level design comitments are satisfied. Therefore, the staff
concludes that the ITAAC are necessary and sufficient to provide reasonable
assurance that if the inspections, tests, and analyses are performed and the
acceptance criteria met, the plant systems of the design have been constructed
and will operate in accordance with the design certification.

14.3.2.3.2 Reactor Systems Task Group Review

The Reactor Systems Task Group had primary review responsibility for the core
reactor systems and core cooling systems in CDH Section 2.0. The group had
secondary review responsibilities for those systems that could affect the
operation of the core reactor systems.

The task group primarily utilized the SRP in its review of the CDM to deter-
mine the safety significance of SSCs. Other sources included applicable rules
and regulations, GDCs, RGs, USIs and GSIs, NRC generic correspondence, PRA,
insights from ABWR safety and severe accident analyses, and operating experi-
ence. The task group also used the draft review guidance for the design

r control document as an aid in its review of the systems. For selected
f portions of the review, the staff also utilized the regulatory guidance from
\ the Comission related to SECY-90-016, " Evolutionary Light Water Reactor

Certification Issues and Their Relationship to Current Regulatory Require-
ments," as modified by the Comission guidance related to SECY-93-087,
" Policy, Technical, and Licensing Issues Pertaining to Evolutionary and
Advanced Light-Water Reactor Designs." In addition, the task group reviewed ,

the Tier 1 submittals (including the design description, figures, and ITAAC) 1

of the design using the guidelines provided in the draft review guidance for j

the CDM as an aid for establishing consistency and completeness.

The task group reviewed the CDM systems in a similar manner as the Plant
Systems Task Group because the systems were primarily fluid systems. Thus, ,

the group examining the systems for comprehensive and consistent treatment of |
the issues listed in Section 14.3.2.3.1 of this report, based on their safety I

significance in the respective systems. The task group found that many of the
systems in this area of review were classified as safety related, and thus
many of the characteristics and features of these systems were judged to have
safety significance. This is reflected in a higher level of detail in the CDM
for these systems.

The task group reviewed the CDM to verify that plant safety analyses, such as
'

for overpressure protection, core cooling, transients, and anticipated
|transient without scram (ATWS), were adequately addressed. Consequently, the

task group interacted with specialists in PRA and severe accident analyses to
integrate insights into design features in the CDM. For the severe accident |

O guidance related to SECYs 90-016 and 93-087.
analyses in particular, the basis for the staff's review was the Commission

'

For severe accident analyses,
1
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Open Item Fl4.3.2.3.1-1 ACRS comments on fires and flooding design-

.b
s Insert F. SER naqe 14-46

GE provided proposed markups to the CDM and the supporting material in the
SSAR in a letter dated February 11, 1994, that incorporated the ACRS comments. ,

The mar'aps provided requirements in the CDM for. reconciliation analyses to be ;

conducted-for the fire and flooding design to ensure that the as-built
-_

facility is consistent with the assumptions and analyses. for these issues in j

the design certification. The staff finds the markups acceptable. This is ,

now Confirmatory Item F14.3.2.3.1-1. :

|

|
'

c

5

!

;

.

9

.

:
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Wetwell pressure was varied from one atmosphere to normal operating and a'

O wetwell temperature of 95 *F was assumed along with 100 percent relative
U humidity. The maximum drywell to wetwell pressure differential did not exceed '

-0.5 psid which is less than the -2.0 psid design value.

The staff finds the revised DSIL curve acceptable because the drywell and
wetwell sprays actuate simultaneously in the ABWR which eliminates the possi-
bility of a significant pressure differential between the wetwell and the
drywell at the onset of drywell sprays. This effect was confirmed by calcula-

%f tions performed by GE ing the SHEX computer code.

\p- . 8. 4 Heat Capacity Temperature Limit18

W 's review of certain 5B0 sequences showed that suppression pool temperature '

has the potential to exceed the EPG HCTL. During a SBO, the only injection
syltem available to the RPV is the turbine driven RCIC system. Once the HC-
is eheeded the operator is directed to depressurize the RPV. When RPV
depreshrization occurs RCIC, a high pressure injection system, would b ome

unavailab for injection and may lead to heat up of the core.

GE then submhted for staff review a revised HCTL with a low-presy re endpoint
temperature ofM37.7 *C instead of 103.9 *C. ThisupwardshiftpigoftheHCTL
curve postpones RPV depressurization and would increase the a dilability of
the RCIC. Unfortunately, this upward shift also allows tem ratures exceeding
saturation to exist ' thin the suppression pool.

O There are disadvantages a ociated with operating the uppression pool at or
V near saturation. An extendad plume of high-quality eam was observed during

sub-scale experiments perform by Chun and Sonin - en the pool reached
saturation temperature. The st f is concerned ove the existence of large
steam bubbles within the suppress * n pool. T se large steam bubbles may
drift into a relatively cooler area ithin t e suppression pool and suddenly
collapse thereby jeopardizing primary onta nment integrity. With the lost of
the RHR pumps during a SB0 there is a c ern of a stratified pool is a

possibility.

Another consequent to these extend plumes o steam is the reduction of the
scrubbing capability of the supp ssion pool. (is would result in a direct ;

path from the quencher to the twell airspace thb effectively bypassing the
'

suppression pool.
|
'

The staff acknowledges t value of increasing the avai gbility of the only
high-pressure injectio system, RCIC, during a 5B0. The staff does not i

believe that this in eased availability is significant eno0gh to justify ;

operating the sup ssion pool at or above its saturation temp rature consid-
ering the disadv age mentioned above. The staff als'o believe that the fire
water addition stem should be available for low-pressure inject n once RPV
depressuriza on takes place. j

In order or the staff to find the HCTL curve acceptable, as proposed i
Amendm 32 of the SSAR, GE must demonstrate that large continuous steam
plum do not occur within the suppression pool such that the containment I

I

li r integrity could be jeopardized by the sudden unstable collapse of large
Aeam bubbles. Large steam bubbles appeared to have been observed in a \
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Open Item F18.8.4-1 Containment related EPGs.

.j'}
-

Insert Hl. SER Daae 18-39

Open Issue F18.8.4-1 consisted of two issues - the heat capacity temperature ,

'limit and the low pressure venting.

For the ABWR, GE proposes the use of a Heat Capacity Temperature Limit. curve
(HCTL).which would require reactor vessel depressurization beginning when the
suppression pool reaches 103.9C. Increasing the allowable suppression pool
temperature before reactor vessel depressurization would begin' permits.the
operation of the RCIC system for vessel injection when all other dedicated
plant systems would be postulated to fail. This could occur during a Station
Blackout (SBO). This proposal raises several phenomenology issues related to
hydrodynamic loads.

Concerns were raised regarding operation of the suppression pool with steam
discharges from safety relief valves (SRV) or the RCIC turbine exhaust-during
pump operation, since suppression pool operation has traditionally been
restricted to HCTL curves beginning vessel depressurization at (151F). With a
steam discharge from a SRV quencher or RCIC turbine exhaust sparger at
suppression pool temperatures approaching 103.9C, should a unstable steam
condensation process occur, the containment liner may be subjected to an
excessive buckling load from a low pressure region occurring at the
containment liner / suppression pool water interface. Also, a suppression pool 1

bypass issue arises if a steam plume extends from the quencher-to the
suppression pool surface. This was the HCTL part of Open Item F18.8.4-1.

To resolve the above issue on unstable collapse for an extended plume where
the steam jet extends beyond the quencher condensation zone, GE relied on
testing perform by Drs. Chun & Sonin and described in GE's submittal of
January 20, 1994. In current generation reactors, steam discharge from a SRV-
quencher is condensed within a cylindrical region about the quencher arms .

'

called a condensation zone. The radius is in part a function of the amount of
sub-cooling which exists within the suppression pool during a discharge, with
the basis for sub-cooling being set forth in NUREG-0783, " Suppression Pool
Temperature Limits for BWR Containments."

With the proposal of permitting steam discharge in the suppression pool at
higher pool temperature than what has been traditional discussed with the NRC,
the staff pursued the potential consequences, as follows;"

1. Potential generation of a high quality steam plume extending beyond
the quencher condensation zone with the plume being ingested by-the
ECCS inlet piping,

2. Potential for sudden collapse and an unacceptably high condensation
oscillation (CO) load, should the steam plume discussed above become
sufficiently buoyant to detach from the quencher source,

..
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3. Potential extension of a steam plume from the quencher to the pool
.

surface, thereby leading to a pool bypass path for particle
scrubbing,

4. Potential for a steam discharge from the RCIC turbine exhaust ,

sparger, causing a C0 or Chugging load higher than the C0 or
Chugging load for LOCA or discharge of all SRVs.

The ABWR ECCS inlet piping is located approximately 1 meter (3.3 f t) below the
SRV quencher devices. The staff concluded that steam plume injection by the
ECCS is not possible due to the buoyant nature of the steam plume.

In the January 20, 1994 submittal, GE presented a discussion by Dr. A. Sonin
addressing the potential large steam plumes drifting into cooler region of the
pool, thereby creating the initial conditions for sudden collapse of the
plume. The conclusion that was reached in the above stated paper was that the
cooler regions (with respect to the local temperature about the quencher which
is discharging) of the suppression pool are at a low elevation and azimuthally
away from the quencher. During the quencher discharge a circulatory drift
motion occurs as the surrounding water is entrained into the plume. As the
pool temperature increases during an extended discharge, the area about the
expanding steam plume is expected to be relatively well mixed horizontally.
Thermal stratification will be primarily vertical, with the highest
temperature being in the warm buoyant layer near the surface and the colder >

temperature near the bottom of the pool. The staff finds that GE's position
that a condition where the steam plume could move from a warm region of the
pool to a significantly colder region to be implausible is justified based on
the above stated paper and experiments performed by Drs. Chun & Sonin.

A question was also discussed concerning a steam plume extending from the SRV
quencher continuously to the pool surface and creating a potential pool bypass
path the wetwell airspace negating any scrubbing action by the water. This
issued appears to be unfounded based on the discussion in the January 20, 1994
submittal. The argument against the notion of long continuous high quality
steam plume extending to the pool surface appears unlikely due turbulence
about the buoyant high velocity jet formed at the quencher hole. The
turbulence caused at the plume in close proximity to the quencher entrains
water into the plume from its sided causing rapid loss of plume tenperature
and steam volume fraction with increasing distance from the quencher. In
addition, independent calculation by the staff show the wetwell airspace
pressurization during pool heatup to produce sufficient pressure to maintain a
minimum of 40 degrees K of subcooling in the pool based on bulk pool
temperature. The staff concludes that a pool bypass is not a concern based on
the proposed HTCL curve .

RCIC turbine exhaust discharge during suppression pool. heat was reviewed for
the potential of producing pool boundary loads which may exceed LOCA loads.
This issued was raised because the turbine exhaust is discharged into the pool
via a sparger which may not have the same performance features for condensing
steam as a X-Quencher. GE evaluated the sparger and has determined that the
potential for producing C0 and Chugging loads greater than LOCA seem unlikely
based on a steam mass flux of approximately 48 Kg/m2-sec. At a mass flux of
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. - this magnitude, it is unlikely that C0 and Chugging l'oads could be produced
which would be of the same magnitude as LOCA loads. In addition, the ABWRa

SSAR specifies a bounding asymmetric load case which assumes half the drywell"

vents are 180 degrees out of phase with remaining vents for chugging. Based
on the asymmetric loading requirement. for chugging, the low mass flux at the
sparger and that the sparger design has been in use on current generation
BWR's without a report failure or problem, the staff finds that the HCTL curve
as drawn would not produce higher loads on the containment than LOCA loads
currently assumed. Therefore, the HCTL portion of the open item becomes
Confirmatory item F18.8.4-1,

,

I
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saturated pool during sub-scale experiments performed by Chun and Sonin av
discussh'd4(Dr. Sonin's paper published in Nuclear Engineering,and-De' sign
(1981). The stW f 4til find acceptable a suppression poo,L opeated near
saturation if the appTTen can demonstrate that t e-Cfoss-Quencher proposed
for ABWR can produce a stable e bubble e a steam discharge could occur
into a suppression pool operating nga- saturation temperature. Stable

steam bubble size would theAnEf'ined as ize steam bubble or group of
bubbles that may drif tJntT a cooler region of the and condense such that
suppressio watt pressures do not exceed those wall p res previously
d nedJo stable condensation oscillation loads from SRV actu

i sms c-g
owfressuregentingh following iter -ar*-* re W -J the Novem-

h' ber 4, 1993, confersd @ce call with GE g d=need=to=be= addressed-torclose.-cut-.
:thh=itemt - _ p-ngu Acd 6 e t--e a WM s 3

sk fo/ft ,o.'n p |t es *15 :
~

1. Revise EPGs (PC/P) to show that venting is restricted to the 3 cm (2 in.)
*line in the drywell,

2. Address suppression pool bypass mechanism through interconnection in the
ACS and show the effect on the existing bypass analysis. Ensure that no
other bypass pathways exist that have not been accounted for.

3. Address containment isolation configuration of interconnection in the ACS
between the wetwell and drywell. GE should justify automatic control of
the ACS over a normally closed penetration ensuring containment
integrity.

O Address suppression pool level issue in EPGs relating to the wetwell toQ 4.
drywell interconnection level. The EPGs appear to be inconsistent with
the design.

5. Address suppression pool level and pressure control EPGs for injection
from sources outside of containment. The EPGs appear to direct conflict-
ing actions in that SP/L-3.3 directs operators to stop injection from
sources outside containment when the suppression pool level reaches
27.2 m (89.5 ft). Whereas, PC/P-6 directs operators to spray the

fn t containment when' the water level reaches 27.2 m (89.5 ft) with use of
sources external to'the containment.ga %

18.8.5 Primary Containment Flooding

An override statement has been placed in front of ABWR EPG Step C6-2. This
step directs the operator to terminate all injection into the primary contain-
ment when drywell water level reaches the bottom of the RPV if containment
radiation is greater than the CDRL and RPV water level is below the top of the
active fuel.

GE stated that containment flooding is to be terminated when the drywell water
level reaches the bottom of the RPV during severe accident conditions when the
core has melted through the vessel and dropped to the lower drywell. Flooding
is terminated to avoid covering the wetwell vent path which has the contain-

The wetwell vent is located at an elevation above
O ment rupture diaphragms.the bottom of the RPV.
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' Open'ltem F18.8.4-1 Containment related EPGs~

- s

O '

Insert H2. SER nace 18-40
:

Resolution of items 1 and 5 was provided in Amendment'33. GE'provided revised- |
design information for Items 2, 3, and 4 in SSAR markups of sections Appendix
6E, 6.2.4.3.2.2.2.3, and Appendix 188 dated January 13, 1994 and February'.7,

:1994. For Item 2, the suppression pool bypass mechanism was shown to be
insignificant when compared to the suppression pool bypass capability-
discussed in Section 6.2.1.1.5 of the SSAR. For item 3, GE has provided a
description of the isolation provisions. For Item 4, GE has corrected the
EPGs to specify the correct water level. The staff has found the information
to be acceptable. Therefore, the low pressure venting portion of the open
item becomes Confirmatory item F18.8.4-2.

;

- !
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19.2.3.2.2 Ex-Vessel Helt Progression-

Ex-vessel severe accident progression is affected by the mode and timing of
d the reactor vessel failure, the primary system pressure at reactor vessel

failure, the composition, amount, and character of the molten core debris
expelled, the type of concrete used in containment construction, and the
availability of water to the lower drywell. The initial response of the
containment from ex-vessel severe accident progression is largely a function
of the pressure of the RCS at reactor vessel failure and the existence of'
water within the reactor cavity. If not prevented through design features,
risk consequences are usually dominated by early containment failure mecha-
nisms that could result from energetic severe accident phenomena such as HPME
with DCH and ex-vessel steam explosions. The long term response of the
containment from ex-vessel severe accident progression is largely a function
of the containment pressure and temperature due to core-concrete interaction
and the availability of containment heat removal mechanisms.

At high RCS pressures, the molten core debris could be ejected from the
reactor vessel in jet form causing fragmentation into small particles. The

potential exists for the core debris ejected from the vessel to be swept out
of the lower drywell and into the upper drywell. Finely fragmented and
dispersed core debris could heat the containment atmosphere and lead to large
pressure spikes. In addition, chemical reactions of the core debris particu-
late with oxygen and steam could add to the pressurization loads. This severe
accident phenomenon is known as HPHE with DCH. To prevent this phenomena, the
ABWR has incorporated a reliable depressurization system to provide assurance,

q[
that in the event of a core melt scenario, that failure of the RPV would occur
at a low pressure. In the event that the RPV was to fail at a high pressure,j

.i

}e the design of the ABWR containment provides an indirect pathway from the lower
y'i g drywell to the upper drywell in an effort to decrease the amount of core

debris that could contribute to DCH.

RPV failure at high or low pressure coincident with water present within the
lower drywell lead to FCI with the potential for rapid steam generation or ,

steam explosions. Rapid steam generation involves the pressurization of
- containment compartments from non-explosive steam generation beyond the 1

capability of the compartment to relieve the pressure such that local over- |

pressurization failure of the compartment occurs. Steam explosions involve i

the rapid mixing of finely fragmented core debris with surrounding water |
resulting in rapid vaporization and acceleration of surrounding water creating 1

substantial pressure and impact loads. The ABWR is designed such that there ;

is a very low likelihood of water within the lower drywell at the time of :

reactor vessel failure. |
|

The eventual contact of molten core debris with concrete in the lower drywell
will-lead to core-concrete interaction (CCI). CCI involves the decomposition
of concrete from core debris and can challenge the containment in various
mechanisms, including: (I) pressurization due to the production of steam and
noncondensible gases to the point of containment rupture, (2) the transport of
high temperature gases and aerosols into the upper drywell leading to high
temperature failure of the containment seals and penetrations, (3) liner melt-
through, (4) reactor pedestal melt-through leading to relocation of the

Og reactor vessel and tearing of containment penetrations, and (5) the production
of combustible gases such as hydrogen and carbon monoxide. CCI is affected by-

ABWR FSER 19-55 DECEMBER 1993
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Open Item F19.2.3.2.2-1 ACRS concern with equipment tunnel protection.

i

insert 1. SER paae 19-55

.

GE addressed this issue in a letter dated February 7, 1994, which proposed a
new SSAR section 19.E.2.3.6. GE indicated that the equipment tunnels will be
partially ~ covered with 1.2 meters of suppression pool water at the low water
level allowed by technical specifications. In the event core debris melts
through the equipment tunnel, the debris will enter. the suppression pool and
any additional gases from the lower drywell will pass through the indicated

*

suppression pool level. Also, a HPME results in core debris and elevated-
temperatures within the upper drywell. In order fo- the containment
penetrations to withstand the elevated temperatures, the operator must actuate
the containment spray system. The water from the containment spray system
eventually accumulates in the suppression pool, raising the water level to
provide additional water coverage of the equipment tunnels. Therefore, the .;
suppression pool water level covering the lower section of the equipment
tunnels is sufficient to preclude this potential suppression pool bypass .

'

pathway. The staff finds this acceptable. This is now Confirmatory Item
F19.2.3.2.2-1.

,

)

L
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many factors including the availability of water to the lower drywell, the,

containment geometry, the composition and amount of core melt, the core melt
superheat, and the type of concrete involved.

The ABWR has incorporated several design features to mitigate the effects of
CCI. These include a LDF system, an ACIWA system, basaltic concrete for the
lower drywell floor, and the COPS. The LDF system provides suppression pool
water to assist in cooling core debris once it has entered the lower drywell.
The ACIWA system provides for both reactor vessel injection and drywell spray
capability to cool core debris or control containment pressurization.
Basaltic concrete protects the containment liner from melt-through and
decreases the amount of non-condensible gases generated during CCI when
compared to limestone-based concretes. The COPS is designed to passively
relieve containment pressure to prevent gross containment failure during
severe accidents when the containment pressure approaches ASME Service Level C
limits. This relief pathway takes advantage of the scrubbing capability of
the suppression pool to limit any offsite releases. )/

7 19h23--E4 ment Tunnel Protection /
ded Q [n SECY-90-016 andEquipment Tunnel Bypass Mode: ance

SECY-93-087 *
~

t a containment structeres s.boulfor protectfuQrom ;
edi contact with core debris.1 The equipment tunnels are located on tne

periphery of the lower drywell at a mid-level elevation. Core debris exiting
the reactor vesselj as the potential to reach tb6 tunnels. An accumulation of

% 6 core debris within he tunnels could lead to melt-through and development of a
suppression pool bypass mechanism. TA 2:.fhbelieve/.dthat an acceptable ggM7MI resolution to this issue would be for GE to provide reasonable assurance thaU an appreciable amou t of core debris would not enter the tunnels. This e

done by showing tha; the existing equipment within the lower drywell provides
a tortuous pathway " the lower drywell periphery or providing an additional

, shield structure ove the tunnels. q 4.g gg4% th(pwh1
M19.2.3.3 Severe Accident Hitigative Fea

~ F i 9.1. 3.1. 2. - 1)'Thivas O m .T*mP19.2.3.3.1 Hydrogen Generation and Control

Generation and combustion of large quantities of hydrogen is a severe accident
phenomenon that can threaten containment integrity. The major source of
hydrogen generated is from the oxidation of zirconium metal with steam when
the zirconium reaches temperatures well above normal operating levels. This
reaction is commonly referred to as the metal-water reaction.

Research indicates that in-vessel hydrogen generation associated with core-
damage can vary over a wide range. The specific amount of oxidation is
dependent on a variety of parameters related to sequence progression. These
include the RCS pressure, the timing and flow rate of reficoding if it occurs,
and the temperature profile of the reactor core during the course of the
accident sequence. In addition, ex-vessel hydrogen generation must be
considered. Hydrogen is produced as a result of ex-vessel core debris
reacting with steam or concrete.

O
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Beyond design basis events can generally be categorized into in-vessel and ex-
vessel severe accidents. The environmental conditions resulting from these

.

i

g events are more limiting than those from design bases events. The NRC
5

- established a criterion to provide a reasonable level of confidence that the
necessary equipment will function in the severe accident environment for the I

time span for which it is needed. This criterion is commonly referred to as
" equipment survivability" and is fundamentally different than equipment
qualification.

19.2.3.3.7.1 In-Vessel Severe Accidents

The applicable criterion for equipment, both mechanical and electrical,
required for recovery from in-vessel severe accidents is provided in'

10 CFR 50.34(f).

Section 50.34(f)(2)(ix)(C) indicates that:

Equipment necessary for achieving and maintaining safe shutdown of
the plant and maintaining containment integrity will perform its ,

safety function during and after being exposed to the environmental
conditions attendant with the release of hydrogen generated by the
equivalent of a 100 percent fuel-clad metal water reaction including
the environmental conditions created by activation of the hydrogen
control system.

Section 50.34(f)(3)(v) indicates that systems necessary to ensure containment
integrity shall be demonstrated to perform their function under conditions

O associated with an accident that releases hydrogen generated from 100 percentfuel clad metal-water reaction.

Section 50.34(f)(2)(xvii) requires instrumentation to measure containment
pressure, containment water level, containment hydrogen concentration, --

containment radiation intensity, and noble gas effluents at all potential -

accident release points. g
Vi >
phSection 50.34(f)(2)(xix) requires instrumet ation adequate for monitoring

plant conditions following an accident that includes core damage. c,#g
a

These regulations collectively indicate the need to perform a systematic b 31
evaluation of all equipment, both elenrical and mechanical, and instrumenta-
tion to ensure its survivability for intervention into an in-vessel severe'
accident. This systematic evaluation has not been performed by GE./

w wwm M m ScR-InvA
The staff,believe3r that an acceptable resolution of this issue would entail
the followina: tc/

1. GE should perform an evaluation using best-estimate means of a degraded
in-vessel core damage accident that results in the reaction of a
100 percent metal-water reaction. The basis for the evaluation should be
included. The evaluation should identify the most likely sequences
resulting in substantial oxidation of the fuel cladding as a result of
the probabilistic safety assessment. An example of an acceptable

O sequence would involve accident conditions where ECCS performance was,

degraded for a sufficient period of time to cause cladding oxidation but
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is later recovered to ensure a safe shutdown. If the analysis assumes an
-

intact primary loop, the basis for this should be supported by the

*O
results of the PSA (i.e., LOCA does not contr.bute significantly to core
melt) . The impact on the reactor system and containment system from the
pressure, temperature, and radiation released should be evaluated. As an
example, the safe shutdown and containment equipment identified below
should be evaluated. Plots showing pressure and temperature as a
function of time should be provided.

In the event that the in-vessel severe accident environment has no effect
on the equipment performance, this should be clearly indicated along with
the supporting rationale. Examples of such instances include cases where
the equipment has already performed its function prior to the onset of
the accident conditions or the equipment is located in an area not
exposed to the environmental conditions, such as being located outside of
primary containment. For equipment where environmental conditions as a
result of the in-vessel severe accident are in excess of the equipment
qualification range, an engineering rationale must be developed as to why
the equipment would survive the environment for the needed time span.
This rationale could include such factors as: limited time period in the
environment; the use of similar equipment in commercial industry exposed
to the same environment; the use of analytical extrapolations; or the
results of tests performed in the nuclear industry or at national
laboratories.

An acceptable example using this rationale is the work that GE performed
for electrical penetration assemblies in Section 19F.3.2.2 of the SSAR.

O#
In particular, GE referenced experimental tests performed at Sandia
National Laboratories on actual electrical penetration assemblies (EPAs) l

'

used in operating plants. The tests were performed at representative
severe accident conditions with temperatures up to 371 *C (700 *F) and
pressures up to 965 kPa (140 psig). Using the results of this work, GE
comitted to providing EPAs which will maintain leak tightness up to i

containment pressure of 924 kPa (134 psig) and a temperature of 371 *C |

(700 *F). The end result of this is that the assumptions used for equip-
ment performance in GE's severe accident evaluation are consistent with
the as-built plant, ,

l

Safe shutdown equipment that should be addressed include: Scram Equip- |
ment, HPCF motor & pump, HPCF isolation valves, HPCF controls, RCIC
turbine & pump, RCIC Steam Valves & cables, RCIC controls, RHR, ADS,
Shutdown Cooling, etc.

Equipment for containment integrity should include: Containment Struc-
ture, CIVs - inboard, CIVs - outboard, Electrical Penetrations, Mechani-
cal Penetrations, Hatches, Sealing Mechanisms (welds, bellowr, 0-ring),
etc.

2. With respect to instrumentation requirements, the staff believes that
sufficient instrumentation should exist to inform operators of the status
of the reactor and the containment at all times as the in-vessel severe
accident is intended to be recoverable from and lead to safe shutdown

O
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with containment integrity maintained. The emergency operating proce-
dures (E0Ps) direct specific manual operator actions based on instrumen- ,

O tation readings and as such all instrumentation should exist where manual
V operator actions are specified within the E0Ps. As a minimum, the

instrumentation identified below should be evaluated.

The instrumentation 1:, designed to survive the environment as specified
in RG 1.97. However, RG 1.97 only ensures that the instrumentation will
survive in the worst environment resulting from a design bases event and
not a severe accident. Therefore, engineering rationale must be devel-
oped as to why the instrumentation would survive the environment. This
rationale could include such factors as: limited time period in the
environment; the use of similar equipment in commercial industry exp aed
to the same environment; the use of analytical extrapolations; or the
results of tests performed in the nuclear industry or at national
laboratories.

Instrumentation should inclede: Neutron Flux, RPV Water Level, RPV
Pressure, Sup Pool Temp., Sup Pool Level, DW/WW H2 Conc, DW/WW 02 Conc,
DW Temperature, DW Pressure, WW Pressure, WW Temperature, DW Water Level,
etc.~

.had 31 >
> 1 .2.3.3.7.2 Ex-Vessel Severe Accidents

The applicable criteria for equipment, both electrical and mechanical,
required to mitigate the consequences of ex-vessel severe accidents is
provided in the Equipment Survivability section of SECY-90-016. This section
indicates that features provided only (not required for design basis acci-

( dents) for severe-accident protection (prevention and mitigation) need not be
subject to the 10 CFR 50.49 environmental qualification requirements,10 CFR
Part 50, Appendix B quality assurance requirements, and 10 CFR Part 50,
Appendix A redundancy / diversity requirements. The reason for this judgement
is that the staff does not believe that severe core damage accidents should be
design basis accidents in the traditional sense that DBAs have been treated in
the past.

However, mitigation features must be designed to provide reasonable assurance
that they will operate in the severe-ac:ident environment for which they are
intended and over the time span for which they are needed. In cases where
safety related equipment (equipment provided for DBP) is relied upon to cope
with severe accident situations, there should be reamable assurance that
this equipment will survive accident conditions for the period that is needed
to perform its intended function.

According to SECY-90-016, GE was to review the various severe accident
scenarios analyzed and identify the equipment needed to perform its function
during a severe accident and the environmental conditions under which the
equipment must function. Equipment survivability expectations under severe
accident conditions should include consideration of the circumstances of
applicable initiating events (e.g., SBO, earthquakes) and the environment
(e.g., pressure, temperature, radiation) in which the equipment is relied upon *

to function. The staff concluder that GEja1f not performed the evaluation as
outlined by SECY-90-016. '

kil' $)( JAyxed 3 2 h f7* 35n ilcv
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Open Item F19.2.3.3.7-1 Equipment Survivability .
-

Insert J1. SER oane 19-80

;

In response to the open item, GE provided the environnental profiles, a table
of the necessary equipment, and the accompanying rationale for in-vessel
severe accidents in an SSAR markup of Section 19E.2.1.2.3 dated February 7,
1994. The staff finds this information acceptable. The above open item
becomes Confirmatory Item F19.2.3.3.7.1-1.

1

i

,

!

1
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i
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The staff believes' that an acceotable resolution of this issue would entail
the followina: Qx

1. GE should provide an evaluation of the dominant accident sequences ,

'

identified in Section 19E.2.2 of the SSAR. For each accident sequence,
GE should identify the mitigation features. Mitigation features should
include ADS, ACIWA, and RCIC as appropriate.

In addition, the specific environment profile (pressure, temperature?
radiation fields) should be specified. For each ntitigation feature an
assessment of survivability should be done using grcund rules similar to
those specified above for in-vessel accident. At least the following
mitigation features should be evaluated: SRVs, Containment Structure,
Vacuum Breakers, CIVs - Inboard, CIVs - Outboard, Electrical Penetra-
tions, Mechanical Penetrations, Hatches, Sealing Mechanisms (welds,
bellows, 0-rings), Passive Flooders, COPS, COPS CIVs, etc.

2. With respect to instrumentation requirements, the staff believes that
sufficient instrumentation should exist to inform orerators of the status
of the containment at a'il times, and of the reactor during the early
stages of the accident to ensure reactor failure at low pressure or allow
for low pressure injection from the AC independent water addition system.

As a minimum, the list of instrumentation identified below should be
evaluated. Where extended ranges of operation of the instrumentation is
needed, it should be identified along with the environment to which the
instrumentation will be exposed.

The instrumentation is designed to survive the environment as specified
in RG 1.97. However, RG 1.97 only ensures that the instrumentation will
survive in the worst environment resulting from a design bases event and
not a severe accident. Therefore, engineering rationale must be devel-
oped as to why the instrumentation would survive the environment. This
rationale could include such factors as: limited time period in the
environment; the use of similar equipment in commercial industry exposed
to the same environment; the use of analytical extrapolations; or the
results of tests performed in the nuclear industry or at national
laboratories.

c^3 At least the following instrumentation should be evaluated: RPV Water

#;y2) Level, RPV Pressure, Sup Pool Temp., Sup Pool Level, DW/W H2 C6nc, DW/W

/} 02 Conc, DW Temperature, W Pressure, W Temperature, etc.

- 19.2.3.3.8 Protection of Containment Sumps

The lower drywell contains two sumps - an equipment driin sump (EDS) and a
floor drain sump (FDS). Figures 1.2-3b and 1.2-13e of the ABWR SSAR indicate
that the sumps are embedded in the lower drywell floor with dimensions of
approximately 1 m (3 ft) wide, 2 m (7 ft) long, and 1.25 m (4 ft) deep.
Figure 1.2-3b of the ABWR SSAR indicates that the lower drywell has approxi-
mately 1.6 meters of concrete protecting the liner, while SSAR Sec-

O protecting the liner. Therefore, in the sump region, there is approximately
- |tion 6.2.1.1.10.3 indicates that there is 1.5 meters (S ft) of concrete

0.25 to 0.35 m (1 ft) of concrete protecting the containment liner. An
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Open Item F19.2.3.3.7-1 Equipment Survivability ;j .

(A
Insert J2. SER paae 19-81

!

!._ In response to.the open item, GE provided the environmental profiles, a-table
: of the necessary equipment, and the accompanying rationale for ex-vessel
! severe accidents in an SSAR markup of section 19E.2.1.2.3 dated February 7,

1994. The staff finds this information acceptable. The above open item
becomes Confirmatory item F19.2.3.3.7.2 1.

.

'
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Open Item F19.2.3.3.7-1 Equipment Survivability~

i Insert J3. SER paae 19-81

19.2.3.3.7.3 Basis for Acceptability

GE developed a set of curves representing the bounding environmental
'

,

conditions for both in-vessel and ex-vessel severe accidents. The
,

environmental conditions were then compared to the equipment capabilities to
provide a measure of confidence that the necessary equipment would survive the-
expected conditions. The staff concludes that the systematic process used by
GE for assessing equipment survivability is acceptable and consistent with the
assumptions used in GE's deterministic. severe accident assessment.

,

9

+

I

!

:
I
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accumulation of core debris within the sumps could lead to accelerated core--

concrete interactions and given the decreased thickness of concrete protecting
(

the containment liner, the time to liner melt-through in the sump region from
N core-concrete interactions could be adversely affected.

To prevent liner melt-through in the sump region, the ABWR will have a
protective layer of refractory bricks (corium shield) built around each sump
to prevent corium ingression. The corium shield design is discussed in
Sections 6.2.1.1.10.4 and 19ED of the ABWR SSAR.

"^19.2.3.3.8.1 Sump Design Criteria ,~_ -- - . . . . .

The following general criteria 4,ere developed by GE for designing the sumps:

- Corium shield height greater than maximum height of core debris bed.

- Helting point of corium shield material above initial contact tempera-
ture.

- Corium shield material to have good chemical resistance to siliceous
slags and reducing environments.

Seismic adequacy determined during detailed design phase.-

The EDS and FDS have different functions and therefore specific design
criteria in addition to the above GDC were developed. The specific design

O
criteria is discussed below.

;

19.2.3.3.8.1.1 Equipment Drain Sump

The purpose of the EDS is to collect water leaking from valves and piping
within the containment. The water enters and exits through piping from above
the sump. A_s such_,_the_following additional design criteria b=t nnw
specifiedNg 4meNdmec 3a !
- Solid corium shield, except for the inlet and outlet piping through the

roof.

Corium shield walls thick enough to withstand ablation.-

- Corium shield placed directly on top of lower drywell floor.

19.2.3.3.8.1.2 Floor Drain Sump

The purpose of the FDS is to collect water which falls onto the lower drywell
floor. The water flows across the drywell floor and ruris into the FDS at a
height equal to the lower drywell elevation._As-suchethe fougwjng addi-

1
tional design criteria een specified)Qrifmeglyne,vfjal. 1

Corium shield will have channels at the lower drywell elevation to allow-

for water collection during normal operation.

Channel ensures that debris will freeze before reaching the sump. i-

@@
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Width and number of channels ensure required water flow rate during-

normal operation.

Corium shield walls thick enough to allow residence time for debris-

solidification within the channels.

Corium shield will extend beneath the lower drywell floor.-

Coriumshieldheighttoensurelongtermdebrisso3dification, yi-

19.2.3.3.8.2 Corium Shield Design ,r-fl J rne#[ f
f 4

In Section 6.2.1.1.10.4.2, GE indicated that the EDS corium shield is made of
alumina with a height of 0.4 m (1 ft). GE did not provide the thickness of $p
the EDS corium shield necessary to withstand-ablation S |m

f
''

f;. AmnomeJ 3D
For the FDS corium shield, GE analyzed theMility of~the corium shield to ./ |
initially freeze molten debris as it enters the channels and to transfer

3/ -----4 cient heat such that the debris remains solid in the long term. This/
analyses ' in Sections 19ED.4 and 19ED.5 of the ABWR SSAR. This analysjrwas
used along with the GDC and the specific design criteria specifiejdbove to
determine the actual corium shield design. The FDS corium shield, as speci-
fied in Section 6.2.1.1.10.4.2 of the ABWR SSAR, is made of alumina, with a - M<)g,

,- ,

height of 0.4 m (1 ft). The channels in the FDS corium shield are 1 cm f'
(.4 in.) high and 1.06 m (3.48 ft) long, however, the width has not been ./ !

specified. The shield extends 0.4 m (1 ft) below the channels. /f l

Discussion,,, M n O U SN b &
/ [G 19.2.3.3.8.3

/y|- -- ___.~..~. -

The staff' believes that the sump shield designs proposed by,_GE-h' ave consider-

[@/
able merit and that some conservatism exists in the spec ~ified design criteria.

!For example, the design criteria is intended to-ensure that no core debris
However, in actuality the' sumps could withstand limited

In addition, GEkid not take credit for flooding the[penters the sumps.
amounts of core debris.
lower drywell with the LDF systs!m or AC independent water addition syste
Based on engineering judgement, the staff believes that the sump sh' s would
prevent a substantial accumulation of core debris and that Ath nnels within
the FDS would lead to freezing af debris within t_heJm.owever, the analysis ,

providad to support the proposed shield designs Wnot sufficient to reach !

this conclusion. In particular, GE did not make use of existing experimental !

data and_ analytical,%. gem. sep . _op.ls in justifying their design. rhis m opm h n9.2 3.3.S.Rt |

gpe~ staff heMeye(biat'4an acceotable resolution to this issue would entail
the followina:

1. GE should evaluate related experimental and analytical work performed in
this area to lend additional credibility to their design. In particular,
GE should address how the results of the previous work. supports their
design. This would include a discussion on the prototypically of the
core debris, important parameters and results. The staff has performed a
quick review of related work in this area and believes that it is
relevant and readily available.

-

O :

1
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a. Experiments performed at (1) KfK on ingression of molten debris into
small cracks and openings, (2) Winfrith in the United Kingdom, and'

Q (3) Grenoble in France.

b. Analytical tools such as PLUGH (NUREG/CR-3190) and BUC0 GEL (CEA).

c. Work performed in forging and casting _ industries.

2. TheanalysisperformedbyGE'io b evaluated an oxidic melt
of around 2500k (4040 'F) and a eutectic melt of around 1700k (2600 'F)'.
However, GE used the same correlations and key parameters for both, such
as thermal conductivity and latent heat of fusion. To account for
uncertainty in the progression of a severe accident and a range of
material properties (density, melting point, thermal conductivity, etc.),
GE should perform separate analysis for an oxidic, metallic, and eutectic
melt clearly identifying the material properties and providing suitable
references. In addition, GE should identify the parimet.ers that the
shields are most sensitive to (i.e., freezing point, hea't of fusion,
velocity of debris in channel, atmosphere temperature, melt superheat,
etc.). GE can use the results of their MAAP runs to identify the core
debris composition at the time it enters the lower drywell. In addition,

GE could use the results of other code predictions (BWRSAR, MELCOR) as
documented in NUREGs for similar BWRs.

3. GE should address the following; why the velocity of the debris in the
FDS channels does not have to consider the initial velocity of debris
from falling from the reactor pressure vessel (RVP)?

4. GE should modify the design criteria to:
'

a. Specify that the EDS extends below the lower drywell floor and that
both shields prevent tunneling of core debris under them.

b. Specify sloping of the shield roof to prevent accumulation of core
debris or show that the long-term debris solidification in the >

channels is not affected by minor amounts of debris of the roof.

5. GE should provide the thickness of the EDS corium shield necessary to
' thstand ablation.994cd k

Q .4 Containment Performance

The NRC approach for ensuring containment survivability from severe accident
challenges consists of requiring inclusion of accident prevention and conse-
quence mitigation features and the containment performance goal (CPG). The
CPG ensures that the containment would perform its function in the face of
most severe accident challenges and that the design (including its mitigation
features) would be adequate if called upon to mitigate a severe accident.

Two alternative CPG were identified in SECY-90-016 - a conditional containment
failure probability (CCFP) of 0.1 or a deterministic containment performance
goal that offers comparable protection. The staff concluded that the follow- h

p ing general criterion for containment performance during a severe-accident F

v challenge would be appropriate for the evolutionary LWRs in place of a CCFP.

ABWR FSER 19-84 DECEMBER 1993
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Open Item F19.2.3.3.8-1 Containment sump design-

Insert K. SER pace 19-84

|

GE has addressed these 5 issues in an SSAR markup of Sections 6.2.1.1.10.4 and
Appendix 19ED dated February 7, 1994. specifically, GE provided a markup of
SSAR Section 19ED.6 providing an overview of related experimental and

'

.

analytical work concerning the freezing of molten fuel in narrow channels to
address item 1. For item 2, GE modified the analysis of channel length in
Subsection 19ED.4 to account for three debris scenarios covering the expected.
range of melt phenomena. For item 3, GE clarified the FDS shield design to
clarify the location of channels. For item 4, GE modified subsections ~19ED.3
and 19ED.5.2 and added 19ED.5.3 to establish that the EDS and FDS' shields
extend to the sump floor to prevent debris tunneling. . Further, GE modified
its long term analysis in Subsection 19ED.5.1 to credit flooding of the lower
drywell. Lastly, for item 5, GE added subsection 19ED.5.3 to address the
thickness of the EDS shield walls and the shield wall of the FDS without
channels. In addition GE modified its general and specific design criteria
for the EDS and FDS. This resulted in a revision to the design dimensions.
Further, GE takes credit for the louer drywell flooder in determining the sump
shield design. The staff concludes inat the sump shield design proposed by GE
is acceptable. This is based on GE's development of design criteria, proposed
analytical solution, evaluation of the shield design to variations in key i

'

parameters, and review of existing related experimental and analytical work.
,

Therefore, the above open item becomes Confirmatory item F19.2.3.3.8.3-1.

k !

:

,

s
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The staff considers this a COL action item and will ensure that COL applicants

Os provide guidance on controlling and maintaining the integrity of freeze seals.
The guidance should address the use of an engineering safety analysis on a
case-by-case basis to ensure that the use of freeze seals, where a failure '

;

could result in loss of inventory, will not result in any unresolved safety
review questions. This is COL Action Item 19.3.3.2.1

Reactor Internal Pump Motor and Impeller Replacement

The ABWR RIPS are used to supply coolant circulation and to replace the
external coolant recirculation system used in the BWR designs. This is a
design improvement over the BWR designs in which an unisolable pipe break or
component repair in the external recirculation system could result in a major
loss of inventory control. The RIP concept was adopted from European BWRs
which have been operated for over 15 years and have had no indications of
difficulty in maintenance or in operation that resulted.in a loss of invento-

The applicant discussed the procedures to maintain and to replace thery.
RIPS in SSAR Section 19.Q.4.2 of the ABWR PRA Shutdown Risk Final Report.

Removal of the RIP motors for maintenance is accomplished by using integral
inflatable seals which act as backup sealing devices to assure that no RPV
water leakage occur. Following each motor removal. a temporary cover plate is
bolted to the bottom of the motor's housing which iorms part of the reactor
vessel. The impeller is then removed from the top. Upon the reraval of the
impeller, the bolted cover plate acts as the RPV boundary and prevents leakage

A plug is then installed on the RPV bottom head at the

O of reactor water. impeller nozzle to provide additional protection against draining the RPV.

The staff asked the applicant to discuss the effect the increased temperature
from a loss of DHR cooling during RIP replacement or maintenance could have on
inflatable seals. In a letter of January 13, 1993, the applicant stated that
the inflatable seals on the RIP shaft will be permanently installed and will
be designed to handle normal operating temperatures. Increased temperatures
from a loss of DHR cooling will not affect the performance of the seals since
the coolant temperature during shutdown conditions will be less than the
design temperature of the seal.

The staff reviewed the RIP maintenance and replacement sequences, and found
that if leakage occurred during the removal of the RIP motor, the temporary
cover plate could be installed to eliminate RPV water leakage and the pump

[ internal primary and inflatable secondary seals would minimize the potential
bl e .gd* _ RPV water drainage, and the RIP motor removal process, therefore, accepta

However, tTii staff 4Wes that during the RIP impeller and shaft removal,
possible unisolated LOCA with an opening of about 20.32 cm (8 in.) exists in
the event that operators failure to follow the maintenance procedure or
possibly as a result of miscommunication. In addition, during pump impeller
and shaft replacement, the containment would be opened, thus allowing a direct
release path to the envircnment. The staff, therefore, requires that RIP
impeller and shaft replacement be conducted only after fuel has been removed

This(nOpen
from vessel . -h=stafWsMere-tAimapen= item.
Item F19.3.3.2.1-1.

-%'
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Open Item F19.3.3.2.1-1 RIP maintenance and replacement.

insert L. SER oaae 19-101
t In a letter dated January 14, 1994, and subsequent responses to staff

questions, GE provided additional information with regard to RIP impeller- ,

'

shaft removal and CRD replacement. During the RIP shaft and impeller removal,
the following replacement sequence, maintenance requirements, and pump design
features together with the refueling platform auxiliary hoist design are
intended to minimize the likelihood of an unisolable LOCA.

Upon completion of the RIP motor removal, a maintenance cover is bolted*

to the bottom of the motor housing, which forms a temporary RPV
boundary. The motor housing is then pressurized to verify that the
maintenance cover is providing a seal. The secondary inflatable seal is
then depressurized. At this point, two seals (internal primary metal-
to-metal, and maintenance cover) are still provided. Upon removal of
the pump impeller-shaft, only the maintenance cover seal remains. To
protect against removed of the impeller-shaft in the event that
maintenance seal is not in place, an auxiliary hoist interlock is
provided. The refueling platform auxiliary hoist interlocks will
interrupt the hoisting power if the load exceeds a specified setpoint.
The ~noist load setpoint is less than the sum of the impeller-shaft
weight and the hydrostatic head on the impeller. To over come the static,

head, the motor housing must be pressurized, which requires the
maintenance cover plate to be secured in place, and thus sealing is
assuring. i

When the pump impeller-shaft has been removed, a maintenance diffuser*

plug is then installed over the shaft opening. The diffuser plug
provides sealing and is the only means to prevent possible unisolable
LOCA when the motor housing is drained and the maintenance cover plate
is removed for secondary inflatable seal and stretch tube inspection or +

replacement. To prevent this potential unisolable LOCA, the diffuser
plug is designed with a break-away lifting lug. If the maintenance
cover is not secured in place and pressurized, the lifting lug will
break during the attempted removal due to the static head pressure
exceeding the lug's design force, thus ensiring that the diffuser plug
seal is maintained. In the event that the operator inadvertently
removed the plug, abnormal or excessive drainage will be discovered when
the motor housing is partially drained through the drain line. At this
point, RIP sealing is still provided by the maintenance cover plate.
Discontinue drainage of the motor housing will eliminate the loss of
reactor coolant and allow corrective actions.

IIn SSAR Section 5.4.15.4, GE provided a markup to state that the COL applicant
shall develop procedures to ensure appropriate installation and verification
of motor bottom cover, as well as visual monitoring of the potential leakage
during impeller-shaft and maintenance plug removal. In addition, the COL
applicant shall develop a contingency plan (e.g. close personnel access hatch,
safety injection), which assures that core and spent fuel cooling can be
provided in the event that a loss of coolant occurs during RIP maintenance.
This is acceptable and this item is now Confirmatory item F19.3.3.2.2-1.
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Control Rod Drive Reolacement
'

CRD replacement for the AB is similar to current BWRs, and will use the same

O maintenance procedures. he CRD is withdrawn to the point where the CRD blade
back seats onto the C uide tube. This provides a metal-to-metal seal that
minimizes the RPV wa r drainage when CRD is removed. The staff reviewed the
replacementproces/andfoundthatunisolatedLOCAwithanopeningofabout
5.08 cm (2 in.) ist at the bottom of the vessel head if the CRD blade and
drive simulta usly removed due to operator failures to follow the proce-
dures. It the staff position that TSs should be included to prohibit the.

Ltf removal of the blade and drive of the same assembly. %= staff =censidens=tMs
-open H= This h 0 pen Item F19.3.3.2.1-2.g

19.3.3.2.2 Alternate Reactor Inventory Control Feature

The ABWR design includes the non-safety-related feedwater and condensate
system, consisting of three electric driven pumps and associated piping, that
can be used as an alternate means for make-up during shutdown operation. The
CRD pump also can be used to provide inventory control during shutdown by
injecting water from the condensate storage tank to the RPV through the FMCRD
system. An ACIWA system is also available to supply make-up water to the RPV
if no ECCS make-up water is available.

The staff finds these provisions acceptable and concludes that the applicant
has sufficiently addressed the concerns in NUREG-1449 related to alternate
make-up capability to provide core decay heat removal. The alternate inven-
tory control features using the feedwater, the condensate system and the CRD
pump will provide alternate core cooling upon loss of normal RHR capability.

O The staff also finds that an ACIWA system will further enhance the capabilityof the ABWR to maintain core cooling in the event that no ECCS makeup is
available.

19.3.3.3 Containment Integrity

During refueling of the ABWR, the primary containment head is removed and
cannot be readily repositioned to restore containment integrity. This is also
the case for operating BWR plants with Mark I and Il containments. NUREG-1449
indicated that BWR secondary containments were judged unlikely to prevent an
early release following initiation of boiling with an open RCS or during
potential severe-core-damage scenarios. This is also the case for the ABWR. |

In NUREG-1449, the staff evaluated the need to re-establish containment
integrity for all operating plants under shutdown conditions. Based on
operating experience, thermal-hydraulic analyses, and PRA assessments, it was
concluded that containment integrity under some shutdown conditions may be 1

necessary for PWR plants. However, this conclusion was not reached for BWR l

plants. This is due in part to the decreased frequency and significance of j
precursor events involving reduction in reactor vessel level or loss of RHR l

(or both) in BWRs as compared to PWRs. In addition, BWRs do not enter a
midloop operating condition as do PWRs.

In NUREG-1449, staff stated that operating BWR alternate DHR methods provide
significant depth and diversity. For these reasons, the staff concluded that
loss of RHR in BWRs during shutdown is not a significant safety issue as long
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Open Item F19.3.3.2.1-2 CRD maintenance and replacement-

Insert M. SER paae 19-102

GE stated that the CRD blade normally remains in this backseated condition at
all times with the FMCRD out. In the event that the CRD blade is required to
be removed for replacement, a temporary blind flange will be first installed
on the end of the CRD housing to prevent draining of the reactor water.

During the FMCRD removal, personnel are required to monitor under the RPV;for
water leakage out of the CRD housing. If abnormal or. excessive leakage occurs
after only a partial lowering of the FMCRD, which is the indicative of a

,

metal-to-metal seal that has not yet been established, the FMCRD can then be
raised back into its installed position to eliminate the leak and allow
corrective action. In the event that the CRD blade and drive of the same
assembly were inadvertently removed due to operator failures to follow
procedures during refueling operations (water level greater than 23 ft above
the vessel flange), the analysis results indicated that it would take
approximately 36 minutes for the water to fill the lower drywell sump, reach
the tunnel entrances and begin flowing into the access tunnels. With the

3expected flow rate of 174 cubic meters per hour (6,145 ft /hr) from the CRD
opening, the water in the spent fuel would drop approximately .3 m/hr (.98
ft/hr). The high drywell sump level and the low spent fuel level would alarm
in the main control room approximately 2 minutes and 28 minutes, respectively,
into the transient. The normally operating non-safety-related makeup water
condensate system (MUWC) will automatically start upon receiving a low level
alarm in the spent fuel pool and transfer water to the spent fuel pool cooling
and cleanup (FPCCU) system. The RHR spent fuel cooling mode can be manually
initiated to provide makeup injection and the suppression pool clean up system
also can provide backup if the MUWC is not available. In the event of loss of
off-site power, backup water also can be provided by RHR AC independent water
addition system.

Upon identified leakages from the bottom of the RPV, it is expected that
personnel door and equipment hatch in the lower drywell areas will be closed
within 30 minutes before the water level would reach the tunnel entrances and
begin flowing into the access tunnel. Appropriate actions will then be taken
to reinsert the CRD blade and to mitigate the event using various water
sources and injection systems as mentioned.

The staff also notes that only two or three complete FMCRDs are required to' be
removed for inspection each refueling outage. This is an improvement relative
to the CRD system design at current BWRs which have piston seal replacement
needs such that 20 to 30 drives are typically removed each refueling outage.

In SSAR Section 4.6.6.1, GE provided a markup to state that the COL applicant
shall develop procedures to ensure that maintenance procedures have provisions
prohibit coincident removal of the CRD blade and drive of the same assembly.
In addition, the COL applicant shall develop contingency procedures to provide
core and spent fuel cooling capability and mitigative actions during CRD
replacement with fuel in the vessel. The staff determined that GE's proposed
SSAR changes are acceptable and that no TS changes are necessary. Therefore,
the above open issue is now Confirmatory Item F19.3.3.2.3-1.
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SSAR Section IA.2.23 states that the ABWR high leak detection and isolation*

system processes the differential pressure signals that isolate the RCIC
turbine. Spurious trips are avoided because the RCIC has a bypass startup
system controlled by valves F037 and F045. Upon receiving RCIC start signals,
bypass valve F045 opens to pressurize the line downstream and accelerate the
turbine. The bypass line through F045 is small (diameter of 1 in) and
naturally limits the initial flow surge to prevent a differential pressure
spike in the upstream pipe.

After approximately 5 to 10 seconds, steam supply valve F037 opens to admit
full steam flow to the turbine. At this stage, the line downstream is already
pressurized. This design feature will reduce the possibility that a pressure
spike would occur during any phase of the normal startup process. In the

gPGER DFSER, the staff concluded that the ABWR design adequately addresses the
requirements of this TMI item. However, the staff indicated that the COL
applicant should test the RCIC bypass startup system during plant startup and
designated this aA[ COL] Action Item 20.3.1-4. CE has not inchded a COL_ ~

=_

n t h e S S!"' cddressing-this test, thereforc, COL Action 55efcction iter i

- -4 tem 20.3.1-4 wiM-remain-open-tmtil-4E-has-done 30. V - g g
20.4.65 Issue II.K.3(16): Measures to Mitigate Small-Break Loss-of-Coolant

Accidents and Loss-of-Feedwater Accidents -- Final Recommendations of
Bulletins and Orders Task Force - Reduction of Challenges and Fail-
ures of Relief Valves; Feasibility Study and System Modification

Refer to the evaluation of 10 CFR 50.34(f)(1)(vi) in Section 20.5.6 of this
report.

20.4.66 Issue II.K.3(17): Measures to Mitigate Small-Break Loss-of-Coolant'

Accidents and Loss-of-Feedwater Accidents -- Final Recommendations of
Bulletins and Orders Task Force - Report on Outage of ECC Systems;
Licensee Report and Technical Specification Changes

This TMI item required all GE plants to review data on ECC system outages to
determine if cumulative outage time limitations should be incorporated in TS.
It also required submittal of a report detailing outage dates, lengths of
outages, and causes of the outages for all ECCSs.

The DFSER reported that the STS permit several components of the ECCS to have
substantial outage times (e.g., 72 hours for one diesel generator; 14 days for
the HPCI system). The TS do not specify cumulative outage time limitations
for ECCSs. This was identified in the DFSER as TS Item 20.3.1. This was not
required to be in the ABWR TS, but will be implemented in Plant Administrative
procedures as discussed in Section 16.x of this report.

In the DFSER, the reported that SSAR Section lA.3.5 included a requirement for
the COL applicant to report ECCS outages in annual summary reports to the NRC.
The staff also report that it would review compliance with this requirement
during the COL review. This was identified in the DFSER as COL Action
Item 20.3.1-5. The. staff has verified that SSAR Section lA.2.5 includes a COL
action item to prepare and submit an annual report on ECCS unavailability that
also includes the required information discussed above. This is approach is
acceptable.

ABWR FSER 20-87 DECEMBER 1993
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open Item 1.9-1 Additional COL Action Items '

s

O
\s_s/ Insert B-3. SER paae 20-87 ]

In a letter dated February 7, 1994, GC provided a proposed revision of SSAR
Section lA.2.23 and new Section lA.3.8 that establish a COL action item for
the COL applicant to test the RCIC oypass startup system during plant stattup, i

IThis is acceptable to the staff and DFSER COL Action Item 20.3.1-4 is resolved
contingent on incorporation of the changes in the final SSAR.

,

D

\
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A reactor head vent line is a continuous vent which is normally open to $ser-f'

O discharge to a main steamline.
6-Lf

The COL applicant will develop plant-specific procedures to govern the
operator's use of the relief mode for venting the reactor. This was identi- j

fied in the DFSER as COL Action item 20.3-1.6 CE has not--4nehded a COL cct4en-
-item in the SSA" addressing the dcvcicpment of these procedurev-thereforc,

COL Action item 20.3 1 will remein open until CC has done sc.

GE has submitted no additional accident analyses to address a break in any of
the vent lines because the plant's design basis includes a complete steamline
break, which is more bounding.

The staff concurs with the applicant's assessment because it includes adequate
capacity, operation, and procedural provisions of the ABWR vent system. The
staff concludes that GE has adequately addressed the requirements of this TMI
item.

20.5.19 10 CFR 50.34(f)(2)(vii): Consideration of Degraded or Melted Cores
in Safety Review - Plant Shielding to Provide Access to Vital Areas
and Protect Safety Equipment for Post-Accident Operation (TMI
Item II.B.2)

Paragraph (2)(vii) of 10 CFR 50.34(f) requires radiation and shielding design
reviews of spaces around systems that may, as a result of an accident, contain
source term radioactive materials, and design as necessary to permit adequate
access to important areas and to protect safety equipment from the radiation%

environment. GE's response adequately addresses the requirements of this THI
item as discussed in Sections 12.3.6 and 13.6.3.5 of this report.

20.5.20 10 CFR 50.34(f)(2)(viii): Consideration of Degraded or Melted Cores
in Safety Review - Post-Accident Sampling (TMI Item II.B.3)

Paragraph (2)(viii) of 10 CFR 50.34(f) requires the capability to promptly
obtain and analyze samples from the reactor coolant system and containment
that may contain TID 14844 source term radioactive materials without radiation
exposure to any individual exceeding 5 rem to the whole~-body or 75 rem to the
extremities.

GE's response adequately addresses the requirements of this THI item as
discussed in Section 9.3.2.2 of this report.

20.5.21 10 CFR 50.34(f)(2)(ix): Consideration of Degraded or Melted Cores in
Safety Review - Rulemaking Proceeding on Degraded Core Accidents (TMI
Item II.B.8), " Hydrogen Control System"

Paragraph (2)(ix) of 10 CFR 50.34(f) requires a system for hydragen control
that can safely accommodate hydrogen generated by the equivalent of a 100 per-
cent fuel clad metal-water reaction. The hydrogen control system and associ- |

|ated systems shall provide with reasonable assurance that:
|
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Open Item 1.9-1 Additional C01. Action Items*

Insert B-4. SER paae 20-117 ,

I

In Amendment 33, GE revised SSAR Sections lA.2.5 and 1A.3.6 to establish a COL
action item for the COL applicant to develop the indicated plant procedures.
This is acceptable to the staff and DFSER COL Action Item 20.3-1 is resolved.

.

i
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However, the staff required GE to discuss GL 92-04 in the SSAR and include any.

design changes necessary to preclude the potential for false reactor coolant i

O level readings. The staff also required GE to determine if compliance with
V this THI requirement was affected by any design changes. This was identified

in the DFSER as Open Item 20.3-8.

The known comon-mode deficiencies in BWR level instrumentation systems have
been addressed at operating BWRs and by GE in the ABWR design. It should also
be noted that these particular deficiencies would not have compromised the ,

f[automatic protective functions of the level instrumentation for accident /
scenarios initiated while at power, and that no previous incidents at BWRs of /

inaccurate level indication have been misinterpreted by plant operators so as , &
to lead to unsafe actions. In view of the importance of level instrumentation /r .50
for safety in BWRs, and the experience discussed above where the potential
existed to fail redundant level instruments due to a comon cause, the st
believes that the addition of level instrumentation which operates n
diverse physical principle is desirable and prudentlor the rpose of guiding
operator emergency actions. The staff conclude 'fhat the ABWR level instru-
mentation system without the proposed level di ersity meets the minimum
requirements of all applicable GDC. ddd
GE does not agree with the staff recomendation for diverse water level
instrumentation and hat presented its position in a letter dated October 26,
1993. As part of the letter, GE presented the following sumary:

ABWR water level instrumentation is rugged, simple and
highly redundant for failure tolerance. All known operating

O problems have been addressed in this design and it is in-
credible to postulate simultaneous comon-mode failures
which would yield identical errors in all the dp instrumen-
tation. Alternate technologies are unqualified for this
application; further, there is no need to add this
complexity, since the plant operating staff has ample addi-
tional indications of an impending problem without relying
solely on water level. The EPGs direct the operator to use
all information available to him and make conservative
(safe) decisions.

In the attachment to the letter, GE also provided a list of indications of '

'
inadequate RPV water level which are independent of the dp RPV water level
instrumentation. The staff recognizes that other parameters could aid the
operator in assessing the adequacy of core cooling under accident conditions.
These include instrumentation for indication of reactor power, core neutron
flux, the recirculation flow control system response, and feedwater flow and i

steam flow mismatch. However, the staff believes that these indications could |
be easily misinterpreted or could be insufficient because they are only !

1indirect methods of inferring reactor water level or core cooling.

Other evolutionary designs, such as the ABB-Combustion Engineering (CE) System
80+, provide diverse methods of RPV level measurement. The inadequate core
cooling instrumentation package in the CE System 80+ plant includes reactor
vessel level monitoring system probes employing both dp sensors and the heated is junction thermocouple concept. The staff is aware of a diverse method of
level monitoring that is currently in use in at least one nuclear power plant

ABWR FSER 20-124 DECEMBER 1993

.



,

in Germany employing ultrasonic measurement techniques. In addition, aa

diverse level measurement system which uses heated junction thermocouples has
been in use for the past five years at a Swedish BWR, and another Swedish BWRi

\ uses float switches for diverse level indication and automatic systems
actuation. Other Swedish BWRs have decided in principle to install diverse
level measurement systems.

m fad & y h aft /vA 4 SER YJ 4
% gg( diverse method of level measurement is recommended for indication in the/hecontrol room only (there is diverse instrumentation, namely high drywell

pressure,-in both the operating BWRs and the ABWR design which provides
diverse signals for automatic safety systems actuation for many event
scenarios). This would provide a direct and back-up means for the operator to
identify inadequate core cooling and to take appropriate manual actions to
initiate and control safety systems as identified in the plant emergency
operating procedures. The staf recommen that the diverse level measurement
device be reliable, redundant, d capable of being powered by on-site power
sources. cdg.o 646

Open Item (FQO.5AO&v , sul 20fB r-emem unresoiveu until the TC/ h"c1 dixmit, usum
.. -+esobed.

W}UVIn the DFSER the staff reported that GE indicated that the human factors
aspects of this requirement are beyond the scope of the ABWR design certifica-
tion review and the COL applicant will be responsible for addressing them in
the detailed design implementation. This was identified in the DFSER as COL
Action Item 18.7.2.2-3. The staff has verified that GE established a COL
action item (Item 18.8.1) in SSAR Section 18.8 for the detailed control roomO development as defined in DD Table 3.1 ITAAC and in SSAR Section 18E.
Further, GE has established a COL action item (Item 18.8.4) in SSAR Sec-
tion 18.8 to address II.F.1. This approach is acceptable to the staff as
discussed in Section 18'.7.2.2 of this report.

20.5.31 10 CFR 50.34(f)(2)(xix): Instrumentation and Controls - Instruments
for Monitoring Accident Conditions (TM1 Item II.F.3)

Paragraph (2)(xix) of 10 CFR 50.34(f) requires instrumentation adequate for
monitoring plant conditions following an accident that includes core damage.

SSAR 7.5 compares the ABWR design against the criteria of RG 1.97, Revision 3,
addressing accident monitoring instrumentation. Section 7.5 lists the
variables that are considered essential safety-related infonnation for the
operators, and identifies specific exceptions to the guidance of RG 1.97. The
list incorporates adequate monitoring capability for post-accident plant
conditions that include core damage, including reactor pressure, water level
and temperature, containment pressure, temperature and. radiation level, and
shutdown operation status. Based on its review of SSAR Section 7.5, the staff
has concluded that the ABWR I&C design meets RG 1.97 as discussed further in
Section 7.5.2 of this report and, therefore, also meets this TMI requirement.

,

O
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Open Item 20.5.30-1 RPV Water Level Instrumentation Diversity

insert N. SER paae 20-125

The staff issued the draft Commission paper, " Diversity in the Method of
Measuring Reactor Pressure Vessel Level in the Advanced Boiling Water Reactor
and Simplified Boiling Water Reactor" on November 15,'1993, for public and'
industry comments. The ACRS discussed the issue in its 404th meeting on
December 9-11, 1993, and sent its recommendation to the Commission in a letter
dated December 16, 1993. The ACRS did not support the staff recommendation ~on
diversity. Based on ACRS deliberations and GE's position, the staff reconsid-
ered the need for the requirement for instrumentation diversity.

All the known common-mode deficiencies in BWR level instrumentation systems
have been addressed by GE in the ABWR design. It should also be noted that
these deficiencies would not have compromised the automatic functions of the
level instrumentation for. accident scenarios initiated while at power, and
that no previous incidents at BWRs of inaccurate level indication have been
misinterpreted by plant operators so as to lead to unsafe actions. In
addition, for many events, the ECCS is started in ABWR on high drywell
pressure, as well as low reactor water level, thus providing some diversity.
The ABWR EPGs will be used to develop the E0P that will be used with the
reactor water level instrumentation.

Even though it may be desirable to provide instrumentation diversity in the
ABWR design, there is not sufficient basis to postulate an unidentified

\ potential common-mode failure. Further, diverse level measurement devices
have not been demonstrated to be adequate. In light of the enhanced LOCA
response in the ABWR and the guidance provided in the ABWR EPGs to address the

,

use of the RPV instrumentation, the staff concludes that diversity is-not '

required for the ABWR. On the basis of the above discussion, Open |
Item F20.5.30-1 (DFSER Open Item 20.3-8) is resolved. !

|

|

!

|

|
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