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ABSTRACT

This Technical Evaluaticr Report (TER) presents the results of the post-
implementation audit of the Plant Unique Analysis Report (PUAR) for the Oyster
Creek Nuclear Generating Station. The contents of the PUAR were compared
against the hydrodynamic load Acceptance Criteria (AC) contained in NUREG-0661.
The TER contains a summary of the audit findings, as well as a more detailed
discussion of special issues or exceptions to the AC identified during the au-
dit. Two tables are provided. The first is a checklist of PUAR loads versus AC

specifications. The second highlights each special issue or AC exception along

with an indication of the type and status of each issue.
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1. INTRODUCTION

The suppression pool hydrodynamic loads associated with a postulated loss-
of-corlant accident (LOCA) were first identified during large-scale testing of
an advanced design pressure-suppression containment (Mark III). These addi-
tional loads, which had not explicitly been included in the original Mark I
containment design, result from the dyaamic effects of drywell air and steam
being rapidiv forced intc the suppression pool (torus). Because these hvdro-
dynamic loads had not been considered in the original design of the Mark I
containment, a detailed reevaluation of the Mark I containment system was re-
quired.

A historical development of the bases for the original Mark I design as
well as a summary of the two-nart overall program (i.e., Short Term and Long
Term Programs) used to resolve these issues can be found in Section 1 of Ref-
erence 1. Reference 2 describes the staff's evaluation of the Short Term Pro-
gram (STP) used to verify that licensed Mark I facilities could continue to
operate safely while the Long Term Program (LTP) was being conducted.

“The objeciives of the LTP were to establish design-basis (conservative)
loads that are appropriate for the anticipated life of each Mark I BWR facility
(40 years), and to restore the originally intended design-safety margins for
each Mark I containment system., The principal thrust of the LTP has been the
development of generic methods for the definition of suppression pool hydrody-
namic loadings and the associated structural assessment techniques for the Mark
I conficuration. The generic aspects of the Mark I Owners Group LTP were ~om-
pleted with the submittal of the "Mark I Containment Program Load Definition
Report" (Ref. 3) and the "Mark I Containment Program Structural Acceptance
Guide" (Ref. 4), as well as supporting reports on the LTP experimental and

analytical tasks. The Mark I containment LTP Safety Evaluation Report
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(NUREG-0661) presented the NRC staff's review of the generic suppression pool

hydrodynamic load definition and structural assessment techniques prop

the reports cited above. It was concluded that the load definition procedures

utilized by the Mark I Owners Group, as modified by NRC requirements, provide

conservative estimates of these loading conditions and “‘hat the structural ac-
ceptance criteria are consistent with the requirements of the applicable codes
and standards.

The generic analysis techniques are intended to be used to perform a plant-
unique analysis (PUA) for each Mark I facility to verify compliance with the ac-
ceptance criteria (AC) of Appendix A to NUREG-0661. The objective of this study
was to perform a post-implementation audit of the Oyster Creek plant-unique an-

alysis (References 5 & 6) against the hydrodynamic load criteria in NUREG-0661,
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The purpose of this post-implementation audit is to evaluate the hydrody-
namic loading methodologies used to modify the suppression chamber, vent system,
internal structures and the torus attached piping of the Oyster Creek Nuclear

Generating Station. The methodologies of the Oyster Creek PUAR (References 5 &

6) are compared to those presented in the LDR (Reference 3) which were approved

in the AC of NUREG-0661 (Reference 1). The audit procedure consists of a mode-
rately detailed review of the plant-unique analysis report to verify both its
completeness and its compliance with the acceptance criteria. A checkiist of
the various load categories specified in the AC, as shown in Table 1, is used to
facilitate this task. Beside- providing an overview of the audit, Table 1 sup-
plies plant-unique information through the notes in the right-hand margin which
are explained at the end of the table.

The next section of this TER, Section 3, identifies the exceptions to the

as well as those special areas, detailed during the Oyster Creek

where additional information was needed.
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2.

Table 1 Notes

Since the vent line is reduced in diameter at the vent line-drywell inter-
section of the Oyster Creek Plant, ; thrust load can occur at this reduc-
tion. This thrust load was not addressed generically in the LDR but was
adequately accounted for in the Oyster Creek analysis.

The AC requires the torus net vertical loads and the shell pressure histor-
jes to be based on four QSTF tests. Since the decision was made to oper-
ate Oyster Creek with 0 Ap between drywell and wetwelf: the Oyster Creek
vertical loads were based on only a single test. This was the test with the
greatest submergence conducted at 0ap. Oyster Creek loads were increased
to account for the larger statistical variance associated with the smaller
number tests. The amount of increase was found acceptable. See Section 3.1
for additional discussion.

The AC reguires absolute summation of the CO Toad hanndnics for the analysis
of structures affected by CO loads. Oyster Creek used a random phasing
methodology instead where individual harmonic responses are added assuming
random phase angles. Shell stresses and strains are multiplied by 1.3,
other responses by 1.15. This methodology was found acceptable. See Sec-
tion 3.2 for additiqnal getails.

The post-chug load was defined in the AC as the absolute summation of 50
separate harmonic loads from 1 to 50 Hz. Response above 30 Hz was very
small for Oyster Creek structures so the final analysis procedure used for
Oyster Creek only absolute summed the responses up to 30 Hz for calcula-

tional convenience. The summation up to 30 Hz only was found acceptable

for this load.



5.

6.

8.

9.

10.

The Oyster Creek SRV system differs f-om that of most other Mark I plants
in two principal ways: Several SRV lines converge to a common header, and
plant-unique Y-quenchers are used instead of GE T-quenchers. Therefare,
all SRV suppression pool loads in the Oyster Creek PUAR are based on or are
modi fied by plant unique in-plant SRV tests of the Y-quenchers.

SRV discharge line clearing loads were calculated in the Oyster Creek PUAR
according to AC methodology but modified to account for Oyster Creek's spe-
cial Y-quencher and for several lines entering 2 common header.

SRV torus shell pressure loads were calculated in the Oyster Creek PUAR ac-
cording to the guidelines given in the AC for calculations based nn in-
plant SRV tests. See Section 3.3 for further discussion.

Jet loads on submerged structures were calculated using the analytical
method of the LDR and approved in the AC but with the specific Oyster Creek
Y-quencher geometry.

SRV air bubble drag loads were calculated using the LDR analytical model

but adapted to the Oyster Creek Y-quencher by development of an empirical

- factor to bound all test data similar to the one developed for the GE T-

quencher. Frequency of bubble oscillation was taken from the SRV shell
load analysis.

An analytical model was developed tu model the sparger arms on the Oyster
Creek Y-quencher and calculate water thrust loads on them. To ensure its
adequacy, the Oyster Creek model was used to calculate water thrist loads
on a GE T-quencher and these were compared to the thrust loads calculated
by the generic analytical model from the LDR. Loads calculated by the
Oyster Creek model were at least 20% greater than those calculated by the

LDR model.



11.

12.

13.

The Oyster Creek pool temperature monitoring system which meets AC approval
will be incorporated during the next scheduled shutdown of tne plart (Cycle
11).

The Oyster Creek pool temperature analysis was found acceptable, See Section
3.3 foir more discussion on the Pool Temperature Limit analysis for Oyster
Creek.

The Oyster Creek in-plant SRV tests were conducted using the guidelines
given in the AC for the use of such tests in developing a load methodology.
Besides the information presented in the PUAR, a separate report dealing
with the conduct and measured results of the Y-quencher discharge tests

(Reference 7) was also reviewed (Reference 8).

-10-
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During the post-implementation audit of the Oyster Creek PUAR, various is-
sues were identified as either exceptions to t AC or as areas where additional
information was required. To resclve these issues, a request for information
(RFI) (Reference 9) was sent to the licensee in order to obtain further details
to supplement the information contained in thke PUAR., Most of the requested de-

-

tails were presented by the licensee 2t a meeting in Washington, D. C. on July

14, 1983. This meeting was attended hy GPU Nuclear, MPR Associates, as well as

NRC and its BNL consultants. More information on a few items was furnished by

the licensee at a later date. The material presented at the meeting has beer
be formally documented,

An overview of the RFI sent to Oyster Creek is presented in Table 2 along
with an indication of the type and status of each item. As the table shows, two
exceptions to the AC have been identified in the Oyster Creek PUAR., Both of
them have been resnlved. ] items relative to the Mark I LTP have been
resolved. For completeness, following Table 2 a brief description of any ex-

AP

ceptions to the AC and their justification is provided.
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ITEM
1

TABLE 2, [ISSUES IDENTIFIED DURING
POST-IMPLEMENTATION AUDIT

TYPE OF ISSUE
EXCEPTION REQUESTS FOR
: 10 ADDITIONAL
DESCRIPTION NUREG-0661 AC INFORMATION
SPECIFICATION OF PROCE- X
DURES BY WHicH OPERATOR
WiLe Ipentiry SBA AnD
INSURE MAanuAL OPERATION
oF ADS, _
TurusT Loaps AT VENT LINE- X
DRYWELL INTERSECTION WHERE
VeENT Line DIAMETER 1S Re-
DUCED,
Torus NET VErRTICAL LOADS X
Basep on SineLE QSTF Test t
AT 0AP,
NumMBer oF LoAD CASES AND x

ExCEEDANCE PROBABILITY
Usep 10 EVALUATE MULTIPLE
DowNCOMER LOADING.

RESOLVED
X

OPEN



DESCRIPTION

RaNDOM PHASING OF LOAD
HARMONICS TO ANALYZE
STRUCTURES AFFECTED BY
CO Loaps,

Torus PRESSURES LOAD
DisTrRIBUTION DURING
PooL SweLL.,

MeTHoDp Usep To INCLUDE
FSI EFFECTS FOR SUBMERGED
STRUCTURES,

DetaiLs oF Post-CHuGc SuB-
MERGED STRUCTURE LoAD CAL-
CULATION,

APPLICATION OF VENT SYSTEM
Loaps Durine CO AND CHuG-
GING,

MopeL Usep For PosT-CHuG
LoAapD CALCULATION,

TABLE 2 (CoNTINUED)

IYPE OF ISSUE

EXCEPTION REQUESTS FOR
10 ADDITICNAL
NUREG-0661 AC INFORMAT ION

X

STATUS OF ISSUE

RESOLVED
X

OPEN
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ITEM

11

12

TABLE 2 (ConTiNUED) :

TYPE OF ISSUE
EXCEPTION REQUESTS FOR
T0 ADDITIONAL

DESCRIPTION NUREG-0661 AC INFORMATION
Computer MopeLs Usep To X
CALCULATE SWELL AND VENT
SysTeM LoADS, '
FURTHER [NFORMATION ON IN- X

PLANT SRV Tests AnD MeTH-
opoLocY Usep 1o DeEveELOP

SRV LoAps, As weLL AS IN-
FORMATION ON THE PooL TEm-
PERATURE MONITORING SYSTEM
AND PooL TEMPERATURE LIMITS.

STATUS OF ISSUE

RESOLVED OPEN

X



3.1 Single QSTF Test at 0 ap. (Item 3 of Table 2).

The LDR (3) and the AC (1) specify a minimum of f~ur QSTF tests as a data
base for obtaining net torus vertical loads. Most of the QSTF tests conducted
for Oyster Creek and repeated with identical conditions were carried out with a
pressure diffe}ential (ap) between the drywell and wetwell. The Oyster Creek
PUAR states that Oyster Creek will operate with zero ap between drywell and
wetwell and therefore this condition was the one ;elected for calculating net
torus vertical loads. The PUAR aiso states that “loads were increased to
account for the larger statistical variance associated wifﬁ the smaller number
of tests at the 0 Ap conditions". The RFI asked for the number of tests the
loads were based on and the amount the loads were in<reased, as well as the
statistical basis for the increase. Tha licensee replied that the pool swell
loais were based on a single QSTF test at 0 Ap, tne one with the greatest
submergence to maximize the loads. The licensee further stated that GE has
provided generic factors for single test statistics based on doubling the
uncertainty for the torus shell load due to having one test instead of four in
the data base. Oyster Creek used this doubling of the uncertainty to obtain new
margins for their shell loads. The total margin increased from 1.215 to 1.28
for the upload and from 1.096 to 1.192 for tiie download in Oyster Creek. No
increased margins were used for other QSTF single test derivad loads.

BNL and its consultants, including those involved in approving the original
uncertainty margins for four QSTF tests, reviewed the licensee's arguments and
found them acceptable. The conclusion was that doubling the uncertainty was a
conservative way to account for reducing the data base from four tests to one.

3.2 Harmonic Phasing for CO Response. (Item 5 of Table 2.

The CO torus shell load is an oscillating load caused by periodic pressure

oscillations superimposed upon the prevailing local static pressure. The LDR

-15-



defines the load in terms of a rigid wall press.ure amplitude versus frequency
spectra from 0 to 50 Hz which is to be used in conjuinction with a flexible wa!l
coupled fluid structure modei. In addition, three alternate sets of spectral
amplitudes are provided in the range fro; 4 to 16 Hz and the alternate which
maximizes the response is to be used. The resulting responses from applying the
amplitude av each frequency given in the total spectrum to be analyzed are to be
summed. The above procedure was found acceptable in the AC because the high de-
gree of conservatism associated with the direct summation of the Fourier compo-
nents of the spectrum was more than sufficient to compensaég for any uncertain-
ties associated with the FSTF data from which the load specification was devel-
oped. Direct application of the above hethodology to the Oyster Creek torus
proved to be too conservative and so an alternate approach based on a study per-
formed in Reference 10 was used. This alternate approach considers a random
phasing of the 50 harmonics rather than an absolute summation. Individual har-
monic responses are added assuming random phase angles. Re§u1ts are multiplied
by 1.3 for shell stress and strain values and by 1.15 for other responses. This
procedure is one of several variations for implementing phasing in the CO load
definition discussed in Reference 10 and subsequent SMA Re_orts (References 11,
12) which account for data obtained afier Referenca2 10 was published. Reference
13 reviews the various design rules and their justification as given in Referen-
ces 10, 11 and 12 and di;cusses why they are acceptable alternatives to the LDR
procedure. The method used by Oyster Creek is one which was found acceptable in
Reference 13. It should also be noted that while the design rules of References
10, 11 and 12 were developed from FSTF data, the Oyster Creek plant was selected
in these studies as the Mark [ example plant on which the design rules were ap-
plied. Therefore, the effect of applying the CO phasing methodology has been

extensively documented for Oyster Creek.

-16-




Oyster Creek
ommon header,

-

unique Y-quenchers are used instead of GE T-quenc Information contained

the PUAR and Reference 7

veloped from in-plant tests in accordance with the quidelines of section

of the AC. The RFI (Reference 9) requested additional details on test in:

mentation and initial conditions, as well as specific numerical examples of mod-

el calibration and extrapolation to desian case amplitudes and frequencies. At

in Washington, D.C. most of these details were pro-

Additional information was received in a written com-

Associates (Reference 14) and a conference call involving

\

Associates and the licensee, )f this information confirmed

for Oyster Creek did indeed conform

conservative manner.
statements in References 5 and as well as verbal

above-mentioned conference call e Oyster Creek methodoloay for ohtain

loads on the torus shell and associated support systems has been found accept-

able.

also pointed out that nu discussion had been provided in

the Oyster C k PUAR demonstrating that certain pool temperature
not be exceeded during certain SRV discharge transients (Reference 15
licensee subsequently supplied inform idressing this 1ssue at
held on Septembe ) § 983 The information incl

methods used uppression pool

transients.

calculational




(Reference 16) coupled with the Monticello pool temperature test data base (Ref-
erence 17) to derive local temperature. A plant-unique feature which was high-
lighted at this meeting was the absence of a submerged RHR return in the Oyster
Creek plant. This precludes reduction o? the local-to-bulk pool temperature
difference due to suppression pool circulation. Thus, only the data base which
derives from the Monticello test results obtained without RHR operation was
employed by the applicant. Although we are not in total agreement with the way
in which the applicant employs the Monticello results, we conclude, based on our
evaluation of the total computational procedure that 10cal~ﬁcol temperature will
not exceed the limits dictated by the AC during the most severe SFV transients
of interest. A detailed description of these findings will be provided in a
report which will be issued by the NRC staff in the second quarter of 1984,

The applicant has also supplied us with a Design Report (Reference 18) in
which a detailed desc-~iption of the applicant's Suppression Pool (SPTMS) Tem-
perature Monitoring System is presented. We have reviewed ihis material and
conclude that the proposed SPTMS is designed in accordance with the AC require-

ments and will provide a reasonable measure of the pool bulk temperature.

-18-



4. CONCLUSIONS

A post-implementation pool dynamic loac audit of the Oyster Creek PUAR was
conducted to verify compliance of the plant unique analysis with the acceptance
criteria contained in NUREG-0661. As a result of the audit, several items were
identified uhiéh required additional information for resolution. A request for
information was sent to the licensee in February, 1983. At a meeting with the
iicensee in July, 1983, most of the outstanding items were satisfactorily re-
solved and the general conformance of the PUAR with the requirements of the ac-
ceptance criteria was confirmed. A1l issues relative to tﬁe Mark I lL.ong Term

Implementation Program are closed as of the present date.
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