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Dear Mr. Schwencer:

The attached documents are draft responses to the Core Performance
Branch Draft Safety Evaluation Report items 1 through 4 and 6 through
11. Item 5 is closed per the attached letter fram Mr. J. S. Kemper to
Mr. R. L. Tedesco dated December 22, 1981, concerning Channel Boux
Deflections. Chapters 4, 5, 6 and 15 of the FSAR will be revised to
incorporate the latest approved revision of the "General Electric
Standard Application for Reactor Fuel" (GESTAR 1I) which incorporates
the responses to all eleven Core Performance DSER items. This revision
is scheduled for incorporation into the FSAR in June, 1983.

Sincerely,

RIS/mjb 5/18/83~1

Copy to: See attached Service List

0045 830525
OCK 05000352
PDR




cC:

Judge Lawrence Brenner

Judge Richard F. Cole

Judge Peter A. Morris

Troy B. Conner, Jr., Esgq.

Ann P. Hodgdon

Mr. Frank R. Romano

Mr Robert L. Anthony

Mr. Marvin I. Lewis

Judith A. Dorsey, Esq.

Charles W. Elliott, Esgqg.

Jacqueline I. Ruttenberg

Thomas Y. Au, Esq.

Mr. Thomas Gerusky

Director, Pennsylvania Emergency
Management Agency

Steven P. Hershey

James F. Neill, Esq.

Donald S. Bronstein, Esq.

Mr. Joseph H. White, III

David Wersan, Esq.

Robert J. Sugarman, Esq.

Martha W. Bush, Esqg.

Atomic Safety and Licensing Appeal Board

Atomic Safety and Licensing Board Panel

Docket and Service Section

(w/o enclosure)
"



DRAFT

Section 4.2 of NUREG-0800 identifies excessive fuel rod internal pressure

as a potential fuel system damage mechanism. In this sense, damage is
defined as an increased potential for elevated temperatures within the

rod as well as an increased potential for cladding failures. Because
analytical methods for fuel performance analysis may not adequately treat
the effects of net outward stress on the cladding, and because these

effects (such as, unstable high fuel temperatures and ballooning during
departure from nucleate boiling (ONB) events) might be important, NUREG-0800
calls for rod pressures to remain below nominal system pressure dur’ng
normal operation unless otherwise justified. Since the applicant has not
yet proposed the use of this rod pressure limit, or justified an alternative,
we are unable to conclude that the arnalysis of fuel rod pressure has been
performed in an acceptable manner. This is an open item.

Question (1) = Fuel Rod Pressures

Response

During the first cycle of plant operation at Limerick, fuel rod internal
pressure remains below nominal system pressure. For subseqguent cycles,

this issue will be addressed in a marner that will satisfy the intent of
Section 4.2 of the Standard Review Plan, before the start of the second

cycle.



Question (2) - Fue! Rod Mechanical Fracturing

The term "mechanical fracture" refers to a cladding defect that is caused
by an externally applied force such as a hydraulic load or a load derived
from core plate motion. These loads are bounded by the loads of a LOCA
and SSE, and the mechanical fracturing analysis is usually done as a part
of the seismic-and-LOCA Toads analysis (see Section 4.2.3.3(4) of this
report). Because that analysis has not been completed for Limerick, it
is not clear what design 1imit will be used for the mechanical fracturing
analysis. This is an open item.

Response

The analyses documented in NEDE-21175-3-P, "BWR Fuel Assembly Evaluation
of Combined SSE and LOCA Loadings, (Amendment No. 3)", July 1982, are
applicable to Limerick. In particular, evaluations of the fuel rod are
discussed in Section I1.2.2 of that document.



DRAFT

Question (3) - Fuel Assembly Structural Damage From External Forces

Earthquakes and postulated pipe breaks in the reactor coolant system
would result in external forces on the fuel assembly. NUREG-0800,
Section 4.2, and Appendix A to that section state that fuel system
coolability should be maintained and that damage should not be so severe
as to prevent control rod insertion when it is required during these low
probability accidents. Because GE has not completed this analysis for
Limerick, it is not clear what the exact design limits will be, but they
must follow the guidelines of NUREG-0800 Section 4.2, Appendix A. This
is an open item.

Response

Fuel assembly structural evaluations are discussed in Section II.2 of
NEDE-21175-3-P. The analyses presented in that document are applicable
to Limerick.



DRAFT

GE has stated (NEDE-21660-P) that BWR fuel operating experience, testing,
and analysis indicate that there is no significant problem with rod
bowing even at small rod-to-rnd and rod-to-channel clearances. GE stated
that (a) no gross bowing has been observed (excluding the rod-bowing-related
failures in an early design), (b) a very low frequency of minor bowing
has been observed, (c) mechanical analysis indicated deflections within
design bases, and (d) thermal-hydraulic testing has shown that small
rod-to-rod and rod-to-channel clearances pose no significant problem.

The staff is reviewing a GE generic topical report (NEDE-24284-P) that is
intended to update the GE rod bowing experience and document the overall
GE rod bowing safety analyses. The staff's review is scheduled for
completion in February 1983. Based on GE's statements that there is no
significant problem and the staff's belief that rod bowing effects in
3WRs are smaller than in PWRs, where the effects have been compensated
for with available margins, fuel rod bowing is now considered to be a

Question (4) - Fuel Rod Bowing

confirmatory issue.

Response

The NRC has concluded that the GE fuel rod bowing topical reports NED0-24284
and NEDE-24284-P are acceptable for rzference. These topical reports are
applicable to Limerick.



Question (6) - Fuel Rod Pressure i;g['* o ﬂ“ i

The applicant has indicated that the internal pressure is used in conjunction
with other loads on the fuel rod cladding in the calculation of cladding
stresses. The results of such calculations, as provided in NEDE-24011,
show that the calculated stresses can be accommodated. We have examined
these calculations and agree that the acceptance criterion for cladding
stress (see NUREG-0800, Section 4.2.11.A.1.a) has been met, but that
criterion is not the same as the one for rod internal pressure (see
NUREG-0800, Section 4.2.11.A.1.f). Because the criterion for rod internal
pressure involves more than the cladding mechanical limits, we consider
the GE analysis described in NEDE-24011 to be insufficient for meeting
the rod internal pressure criterion.

We note that the rod internal pressures used in the GE cladding stress
analysis are well in excess of the nominal coolant system pressure, and
this has been the case for a number of other license applications which
rely on the generic analysis in NEDE-24011. These calculations involve
conservatisms employed to simplify the analysis and, as a result, do not
provide an accurate estimate of rod internal pressure. In order to

assess the impact of the fuel rod internal pressure on the safety analysis
of other plants, we have relied upon other, more representative (but

still conservative) analyses from General Electric (Sherwood, December 22,
1976). These calculations show that fuel rod internal pressures remain
below system pressure for planar average burnups below 44,000 Mwd/t.

This conclusion remained unchanged for the newer prepressurized fuel
design as well (NEDE-23785-1). On the basis of these calculations, we
concluded that the rod internal pressure criterion, although not explicitly
used by General Electric, has nevertheless been met.

Recent informatior from General Electric (Quirk, January 21, 1982)
indicates that fuel rod interna) pressure may exceed system pressure even
on the basis of the more representative calculations. We attribute this
change in concluc .on to the higher burnup levels now being sought by the

S T T L O T g e



DRAFT

industry and by the advent of more appropriate fission gas release data
and methods of analysis. Because we no longer have a basis from which we
can conclude that the rod internal pressure criterion has been met, and
because the applicant has not yet proposed an acceptable alternative to
this criterion, we regard this as an open item.

Response

This question is addressed in the response to Question (1).




DRAFT

Fuel melting temperature is discussed in Section 2.4.2.5 of NEDE-24011 as

a function of exposure (burnup) and gadolinia content (of burnable poison
rods). GE states in that report that fuel melting is not expected to

occur during normal operation, and that statement is based on fue)
temperature calculations performed with a model described in the proprietary
supplement to Amendment 14 of GESSAR. Although limited melting during
certain events such as an uncontrolled control rod withdrawal is permissible,
such melting is not predicted to occur.

Question (7) - Overheating of Fuel Pellets

The staff has reviewed the UO2 properties (thermal conductivity and
meiting point) that are important in reaching this conclusion and agree
that UO2 meliting will not be a problem at Limerick during normal operation
and anticipated transients. The effects of gadolinia concentration on
thermal conductivity and melting temperature are addressed in a GE
topical report on gadoiinia fuel properties (NEDE-20943-P). However,
NEDE-20943-P was withdrawn from the review. We subsequently reviewed
selected GE gadolinia fuel properties as described in an appendix to the
GESTR-LOCA report (Appendix B to NEDE-23785-1-P). That appendix has been
approved. However, the thermal conductivity equation listed in this new
report is not the one used in the Limerick fuel centerline melting
analysis, which is described in NEDE-20943-P, which was the reference in
NEDE-20411-P for GE gadolinia properties, and (b) GE performed a fuel
centerline melting calculation only for urania fuel in Amendment 14 to
GESSAR. This raises concern about the adequacy of GE's gadolinia fuel
incipient melting calculations for Limerick (in particular, Table 2-4 of
NEDE-24011-P). We thus request the applicant to confirm the adequacy of
Table 2-4 in NEDE-24011-P or submit updated results for review. This is
an open item.

Supplement

This question is classified as a confirmatory issue rather than as an
open item. This was confirmed in a conversation wth C. H. Berlinger,
Chief = Core Performance Branch, on April 6, 1983.



Resgonse

As previously discussed with the NRC staff in connection with a similar
question on another docket, the General Electric Company does not license
material properties for design analyses but, rather, maintains these
analyses up-to-date. To fulfill our quality control obligations under
10CFRS0, Appendix B, the latest property values are incorporated into
design applications only after they are qualified in the design code. An
improved fuel rod thermal-mechanical design code has recently been
developed and qualified which includes the revised gadolinia fuel thermal
conductivity relations. The results of the fuel centermelting analysis
using this improved fuel rod design code verifies that gadolinia fuel
melting is not expected to occur during normal steady-state operation or
during the largest whole core anticipated operational transient.
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The mechanical fracturing analysis is usually done as part of the seismic-
and-LOCA loads (see Section 4.2.3. 3(4) of this report). Because that
analysis has not been completed for Limerick, the information on mechanical
fracturing is not available. This is an open issue.

Question {8) - Fuel Rod Mechanical Fracturing

Resgonse

This question is addressed in the response to Question (2).
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Question (9) - Fuel Assembly Structural Damage from External Forces

An analysis must be provided by the applicant that shows that the Limerick
fuel meets the structural requirements (including liftoff) of Appendix A
to Section 4.2 of NUREG-0800. Because the review of a generic report
(NEDE-21175-3-P) is not completed. (Question incomplete.)

Response

This question is addressed in the response to Question (3).
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A general post-irradiation surveillance program for fuel assemblies that
meets the guidelines of Paragraph II.D.3 of Section 4.2 of the Standard
Review Pian (NUREG-0800) should be provided. A plan similar to that
proposed for WNP-2 and Perry would be acceptable.

Question (10) - Post-Irradiation Surveillance

Response

The Limerick fuel surveillance program will consist of interim and
post-irradiation surveillance of both lead test assemblies and develop-
mental BWR fuel. The schedule of inspection is contingent on both the
availability of the fuel as influenced by plant operation and the expected
value of the information to be obtained.

The lead test assemblies are selectively inspected. Inspection techniques
used include:

(1) Leak detection tests, such as "sipping".

(2) Visual inspection with various aids such as binoculars, borescope,
or periscope, with a photographic record of observations as appropriate.

(?) Nondestructive testing of selected fuel rods by ultrasonic and eddy
current test techniques.

(4) Dimensional measurements of selected fuel rods.

Unexpected conditions of abnormalities which may arise are analyzed.
Examinations of selected fuel rods in Radioactive Material Laboratory
(RML) facilities is undertaken when the expected value of the information
Lo be obtained warrants this type of examination. Details of this
surveillance program are documented in NEDE-24343-P, "Experience with BWR
Fuel through January 1981", May 1981.



DRAFT

In addition to the fuel surveillance program, offgas surveillance will be
performed, and leak detection tests such as sipping are performed at the
end of each cycle if it is warranted based on analysis of the offgas

surveillance results. 0ffgas surveillance is a very sensitive measure of

fuel performance.



DRAFT

Question (11) - External Corrosion and Crud Buildup

Question 430.2 requested the applicant to provide:

(1) Allowable limits on external oxidation, hydriding, and crud buildup.
(2) Justification for those limits.

(3) Evidence that the Limerick fuel will not exceed those limits.

The response to this question addressed the stress analysis (SER

Section 4.2.1.1(1) and 4.2.3.1(1)), cladding internal hydriding (SER

Section 4.2.1.2(1) and 4.2.3.1(1)), and fretting wear (SER Section 4.2.1.1(3)
and 4.2.3.1(3)). No information of consequence was provided on external
oxidation, external hydriding, or crud buildup (also a cladding external
phenomenon).

The effects of external hydriding are probably small and unimportant, but
such a statement should have been made (and justified by suitable reference)
by the applicant.

The effects of external oxidation (corrosion) and crud buildup are
important, however, and may be either life limiting or result in a
deviation from a SAFOL (see General Design Criterion 10 of 10CFRSO0,
Appendix A). Therefore, specific design limits on corrosion and crud
buildup could be provided. If these phencmena are addressed without
using specific design limits, a simple statement to that effect should
have been made here.

Response

This issue has been previously resolved on the GESSAR docket. For
completeness, the GESSAR response is repeated.
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No separate design limit is required for corrosion and crud buildup
because it is considered in the design analyses. Corrosion and crud
buildup impact the calculated cladding temperature and material strength,
and the ability of the clad to meet the stress limits prescribed in
NEDE-24011-P-A-5. Thus, the amount of corrosion and crud buildup is
limited by the stress limits on the clad.



PHILADELPHIA ELECTRIC COMPANY
230! MARKET STREETY
PO BOX 8699
PHILADELPH!IA PA 1910

12195 B4 4000
December 22, 1981

Docket Bos. 50-13152
5013153

Your letter of October 26, 198]1 to K. C. Bausr transmitted Secticn
§.2.3.5 of srdment 0. 76 to the Iimmsr FSAR, which proposes ssveral steps
that could be takan to mitigets the conseqguances of charrml bosdng, and
requestad Philadelshia Klectric Ompany's camitssnt to a similar plan for
Limerick Genscating Statiom.

Phlladelphia Electric Cospeny proposes e following charra)l residence
wmmmmdmmmmm
um.

Owrral M idence Guidel ines
1. Jeccrds will be kept of chaonel locetion ard oposze for esch
cycls.*
2. Tmx possilbls, chyvnoals will not reside (o the cutsr row of the
e for more thap two cparsting cyclss.

3. Chaxals thet reside in the cutar row for mcre than one cycle
will be positioned in core locetions that parmit different charnel
Sides to face the coxe edge On sucoesaive Cyclss.

4. Charpals that reside in the cutar vow of the ocoxe for thres ox
e cycles will not be sbffled irswexd.

5. M Ow begirmning of each cycle, the cosbined (mm of) cuter row
reaidecce tises for any two charrels in sy control rod cell will

oot exocesd foor peripheral cycles.

' The tarm "cycle®, as usad in the followdng recoossrdations, is
Gefined t© be a nominal fusl cycle (12-18 sonthe).
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