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ABSTRACT

This Technical Evaluation Report (TER) presents the results of the
post-implementation audit of the Plant Unique Analysis Report (PUAR) for the
Dresden Nuclear Generating Station Units 2 and 3. The contents of the PUAR were
compared against the hydrodynamic load Acceptance Criteria (AC) contained in
NURZG-0661. The TER summarizes the audit findings (Table 1), and discusses the
nature and status of any exceptions to the AC, identified during the audit
(Table 2).
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1. INTRODUCTION

The suppression pool hydrodynamic loads associated with a postulated loss-
of-coolant accident (LOCA) were first identified during large-scale testing of
an advanced design pressure-suppression containment (Mark 11I). These
additional loads, which had not explicitly been included in the original Mark I
containment design, result from the dynamic effects of drywell air and steam
being rapidly forced into the suppression pool (torus). Because these hydrody-
namic loads had not been considered in the original design of the Mark I con-
tainment, a detailed reevaluation of the Mark 1 containment system was required.

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

The objectives 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 des’gn-safety margins for
each Mark I .:ontainient system. The principal thrust of tne 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 configuration. The generic aspects of the Mark 1 Owners Group LTP were com-
pleted with the submittal of the "Mark 1 Containment Program Load Definition Re-
port* (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 1 containment LTP Safety Evaluation Report (NUREG-0661)
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presented the NRC staff's review of the generic suppression pool hydrodynamic
load definition and structural assessment techniques proposed in the reports
cited above. It was concluded that the load definition procedures utilized by
the Mark 1 Owners Group, as modified by NRC requirements, provide conservative
estimates of these loading conditions and that the structural acceptance crite-
ria 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 acceptance criteria (AC) of Appendix A to NUREG-0661. The oojective of this
study is to perform a post-implementation audit of the Dresden plant-unique

analysis (Reference 5) against the hydrodynamic load criteria in NUREG-0661.



2. POST-IMPLEMENTATION AUDIT SUMMARY

The purpose of the post-implementation audit was to evaluate the hydrodyna-
mic loading methodologies which were used as the basis for -odifyidg the pres-
sure suppression system of the Dresden Nuclear Generating Station Ghits 2 and
3. The Dresden PUAR methodologies (Reference 5) were compared with those of the
LDk (Reference 3) as approved in the AC of NUREG-0661 (Reference 1). The audit
procedure consisted of a moderately detailed raview of the plant unique analysis
report (PUAR) to verify both its completeness and its compliance with the accep-
tance criteria. A 1ist of requests for further information was submitted (Ref -
erence 6), and answers were obtained at a meeting with the licensee (Reference
7).

Table 1 summarizes the audit results. It lists the various load categories
specified in the AC, and indicates plant-unique information through the refer-

ences, in the right-hand column, to the notes which follow in the text.
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TABLE 1. LOAD CHECKLIST FOR POST-IMPLEMENTATION AUDIT




(Q3NN11NOY)

T 318Vl

SHhE

b B

N

SHIWOINMOQ NO SQVO0T TVH3ILVYT
SAQV0T W3LSAS IN3A

S3HUNLONY LS QIOHIWENS NO SAVOI
SAV01 TN3HS SNHOL

ONIOONHI

s'a's

b

b 4

SQVO01 JINVNAQ ¥3INOONMOQ

SAVOT W3ILSAS IN3A

S§3¥NLONY LS QIOUIWNENS NO SAVOT
SQAVO0T 113HS sSNHOL

NOILV 111050 NOILVSN3ANOD

S3.10N

HOVOYddY
SLVNEZLTY
3718VI11ddV

10N

13W
1oN |- 13W

NOILO3S JV
1250-934NN

vid3Llidd

Savo




-9-

CRITERIA

- w w
© O a | £& o
o5 NOT 53 Eg =
O w —_ o
GO | MET |l wer | %2 | L | =
29 & | 3s
LOADS
T-QUENCHER LOADS
DISCHARGE LINE CLEARING 213.2 .
TORUS SHELL PRESSURES 213.3 " 6
JET LOADS ON SUBMERGED STRUCTURES 2.14.3 >
AIR BUBBLE DRAG 2144 4 3,7
THRUST LOADS ON T/Q ARMS 2.13.5 E
S/RVDL ENVIRONMENTAL TEMPERATURES 2136 v’

TABgE 1. (ConTiNueD)




-L-

CRITERIA R #
e
© O 2 | &8 =
K4 I wor | 688 | B2 | &
O w = @
8% | YET | wev | %7 | E& S
S50 04- ;‘-‘4
DESCRIPTION <<
SUPRESSION POOL TEMPERATURE
LIMIT 2.13.8 /
SUPRESSION POOL TEMPERATURE
MONITORING SYSTEM 2139 | €
DIFFERENTIAL PRESSURE CONTROL
SYSTEM FOR THOSE PLANTS USING A
DRYWELL-TO-WETWELL PRESSURE 2.16 v
DIFFERENCE AS A POOL SWELL ?
MITIGATOR
SRV LOAD ASSESSMENT BY 2139
IN-PLANT TEST A3 10
TasLe 1. (ConTINUED)




Number

Notes to Table 1

The Acceptance Criteria do not provide a separate procedu;e for
calculating pool swell impact on spherical structures such as the main
vent-to-vent header junction in Dresden. In the PUAR, the spherical
junction was modeled as a series of cylinders with axes along the main
vent centerline. Acceleration drag, buoyancy and velocity drag were
calculated using AC methodology for cylinders. This procedure was
found acceptable.

For some structures, Region I froth loads were calculated using the
high-speed QSTF movies. This alternative is outlined in Appendix A of
the AC.

Instead of the equivalent cylinder procedure specified in the AC to
calculate acceleration drag volumes on sharp cornered submerged
structures, the PUAR selected alternate modeling of the structures and
used published acceleration volumes. The discussion in Section Je8 °
explains why this procedure was found acceptable.

To calculate CO and post-chug loads on the torus shell as well as on
submerged structures, the 50 individual load harmonics were combined
using a random phasing technique instead of the absolute summation
specified in the AC. The discussion of Section 3.2 describes why this

alternate method was found acceptable.



To account for FSI effects during CO and chugging submerged structure
loads, the AC suggested adding torus boundary acceleratioﬁs directly
to local fluid accelerations. Instead, the applicant used a method
which calculated FSI acceleration fields anywhere in the torus based
on knowing the boundary accelerations. This method, which has been
accepted during previous PUAR reviews, is discussed in Section 3.3.
The analytical model to calculate SRV torus shell loads approved in
the AC was modified slightly before being applied to Dreiden. The
purpose of the modifications was to more closely bound th: pressure
traces observed in the Monticello tests on which the mode! is based.
These changes have been found acceptable. SRV tests conducted in the
Dresden plant further confirm that the analytically obtained loadings
are conservative.

For SRV air bubble drag loads, the applicant reduced the AC bubble
pressure bounding factor of 2.5 to 1.75. This sti1] bounded peak
positive bubble pressure and maximum bubble pressure differential fram
the Monticello test data. Dynamic load factors were derived from
Dresden's in-plant SRV test data. These modifications have been found
acceptable and are discussed in more detail in Section 3.4,

The new SPTMS is acceptable. As stated in Section 1-5.2 of the PUAR,
the applicant has committed to perform a separate analysis demon-
strating that delayed operator action based on SPTMS readings will not
cause the suppression pool temperature to exceed the 1imit specified

in NUREG-0783.




Number

10

In order to reduce torus shell pressures caused by DBA pool swell, a
minimum positive pressure difference of 1.0 psi is -ainta{ned between
the Dresden drywell including the vent system, and the to;Ls air
space. According to Technical Specifications, the plant is required
to come to shutdown if the main ap system fails.

SRY tests performed in the Dresden plant, were used to confirm that
the analytically derived SRV shell loads are conservative and to

deduce dynamic load factors for submerged structures.
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3. EXCEPTIONS TC GENER!C ACCEPTANCE CRITERIA

Dresden Units 2 and 3 are two of several plants analyzed by NUTECH
Engineers, Inc. based on an essentially common hydrodyramic loading;nthodology
(Fermi, Duane Arnold, Monticello and Quad Cities are other plants 1; this
group). The methodology differs from the generic acceptance criteria of
NUREG-0661 in four major areas which are listed in Table 2.

In what follows, each of these areas is discussed in detail, and the bases

for the resolutions of the differences indicated.

o)}



Issue No.

2.

3.

Table 2:

the Generic Acceptance Criteria

Description

Use of acceleration drag volumes which
differ from those approved in the AC to
determine drag on sharp cornered struc-

tures.

Phasing of load harmonics used to analyze
structures affected by CO and post-chug

loads.

FSI methocology used for CO and chugging
submerged structure loads.

Use 6f calibration factors developed from

Dresden in-plant tests for use in defining

SRV submerged structure drag loads.

«12-
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3.1 Acceleration Drag Volumes for Sharp Cornered Structures

The Acceptance Criteria 2.14.2 Section 2b fn NUREG-0661 states that drag
forces on structures with sharp corners (e.g. rectangles and " beims) must be
computed by considering forces on an equivalent cylinder of dianete;

Deq=21/2 Lmax Where Lgax 1s the maximum transverse dimension. The

intent of this criterion is to provide a conservative bound (based on very lim-
{ted data) that includes non-potential flow effects such as vortex shedding on
both the acceleration drag due to hydrodynamic mass and the "standard" drag pro-
portional to velocity squared. Since the dominant load for the Ring Beam (the
primary non-cylindrical structure) fis acceleration drag, the issue concerns only
the hydrodynamic mass or acceleration volume and not the drag coefficient in the
Dresden plant-specific case.

The PUAR states that "published" acceleration drag volumes listed in Table
1-4.1-1 are used for sharp edged structures rather than the equivalent cylinder
specified in the acceptance criteria. The detailed response to a Request for
Information (Item 1) explains that modeling of the actual structures 1s neces-
sary, and in particular, forces on the web of the ring beam are obtained by -
model1ing the beam by a circumscribed rectangle. In order to evaluate the
implications of th1§ modelling, sample calculations were performed on the ring-
beam for the post-chug loading condition.

A direct application of the Dresden PUAR methodology leads to an accel-
eration volume of 17.3 ft3 for in-plane forces on the maximally loaded ring
beam segment. A mode] that more accurately represents the interference effect
but uses acceleration volumes from Table 1-4.1-1 gives a volume of 9.27 ft3,
thus providing a substantial margin for possible non-potential flow effects.
For the cut-of-plane forces, the PUAR model given an acceleration volume of 59.9

#t3, while a similar modelling of the structure but using more realistic
13-



interference corrections yields a transverse acceleration volume of 53.3 3.
While this leaves very little margin for non-potential flow corrections, in the
parameter range of CO and post-chug acceleration spectrum where theinajor energy
is concentrated, the flow is expected to be very nearly potential. In addition,
the use of single mode dynamic load factors, as explained in response to RFI
item 2, provides additional substantial conservatism up to a factor of 2. The
conservative application of the AC equivalent cylinder mode! and interference
correction to the hydrodynamic volume alone, while retaining the real volume for
the “effective buoyancy" effect, gives an effective acceleration volume of 87.4
ft3, which yields out-of-plane loads 46% higher than those predicted by the
PUAR. Because of the parameter range in the Dresden plants and the conservative
application of these loads, the potential non-conservatism on the acceleration
volumes is adequately balanced by the conservatisms in the interference correc-
tions and the load application.

On the basis of these comparisons we conclude that while the direct use of
*published” acceleration volumes for sharp edge structures may not in general
lead to conservative loads, the PUAR methodology for the application of these
loads to the relevant structures, has sufficient conservatism to bound any hy-
drodynamically produced stresses that could arise in these structures.

3.2 CO and Post-Chug Harmonic Phasing

The DBA condensation oscillation and the post-chug load definitions on the
torus shell and on submerged structures, accepted in the NUREG-0661, were based
on data from a series ;f blowdowns in the FSTF facility (NEDE-24539), subject to
additional confirmatory tests reported in the General Electric Letter Report
M1-LR-81-01 of Apri] 1981. i
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The condensation oscillation load definition as described in NEDO-21888 is
based on taking the absolute sum of 1 Hertz components of a spectrum from 0 to
50 Hz. Three alternative spectra are to be calculated with the one producing
maximum response used for load definition, The procedure was foundsacceptable
in the supplement to the SER (NUREG-0661), because the demonstrated high degree
of conservatism associated with the direct summation of the Fourier components
of the spectrum was sufficient to compensate for any uncertainties concomitant
with the data available. The post-chug load definition 1s based on bounding
FSTF chugging data but otherwise follows similar procedures to those used in the
CO load definition.

The PUAR uses a factor of .65 to multiply the CO and post-chug loads com-
puted on the basis of the absolute sum of the harmonic components. The justifi-
cation is based on comparisons of measured and predicted stresses in the FSTF
facility using statistical studies of different phasing models (References 8, 9,
10, 11,. The factor .65 is chosen to give 841 non-exceedance probability with a
confidence level of 90%. The PUAR does use an additional spectrum, Alternate 4,
for the CO loading, based on test M2 from the supplementary tests reported in -
the letter report M1-LR-81-01. The information in Table 1-4.1-4 of the PUAR
provides additlona\’Just1f1cation to show that the computed loads (using the .65
factor and Alternates 1 through 3) bound the measured stresses at critical
points in the FSTF facility by 11% for axial shell stress to 59% for column
force. The use of Alternate 4 in the Dresden plants provides an additional
conservatism of about 20% to the shell response. The use of random phasing in
the time domain for TAP (Volumes 6 and 7 of the PUAR) coupled with a factor of
1.3 for alternates 1, 2, and 3 and a factor 1.15 for alternate 4 {s consistent
with the results of Reference 10 and conservatively bounds all FSTF data.
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The procedures are 2 conservative application of the phasing design rules
evaluated in Reference 12 and are therefore found acceptable.

3.3 FSI Methodology for CO and Chugging Drag Loads

A detailed discussion of the method used to account for FSI e;fects on con-
densation oscillation and chugging submerged structure loads is provided in Ref-
erence 13. The methodology described in this note is used to compute accelera-
tion fields across a submerged structure anywhere in the torus resulting from
FS1, based on knowing the torus boundary acceleration. The method is presented
as an alternative to the NRC Acceptance Criteria suggestion of adding the bound-
ary accelerations directly to the local fluid acceleration to account for FSI
effects since the latter is deemed too conservative.

The review of the method outlined in Reference 13 has shown it to be rea-
sonable and acceptable. The equations derived for fluid accelerations and pres-
sure fields are plausible approximations fecr the conditions prevailing in the
suppression pool. Assumed boundary conditions including the driving one at the
torus wall are suitable. Overall trends as well as the acceleration fields de-
picted in the selected results appear reasonable. Therefore, the alternate pro-
cedure used to account for FSI effects on submerged structures is considered ac-
ceptable in this aﬁp\ication.

3.4 Calibration of SRV Drag Loads Based on In-Plant Tests

The staff requested clarification of the detailed procedures used to derive
the calibration factors from in-plant tests for SRV submerged-structure loads.
On the basis of this response, as well as those provided in other PUAR reviews
of NUTECH plants, the staff considers the procedures as an acceptable modifica-
tion of the AC. "

o3



The SRV bubble pressure data from Monticello tests is shown to be bounded
using a bounding factor of 1.75 instead of the 2.5 specified in the AC. In the
Dresden plants, dynamic load factors are derived on the basis of in-plant
tests. A bounding DLF value of 2.5 is then used for all submerged structures.

The staff considers these procedures to be a reasonable application of the
in-plant test results, and considers any potential uncertainties associated with
the limited data base to be bounded by other conservatisms associated with the

design load calculation procedures.



4. CONCLUSIONS

A post-implementation pool dynamic load audit of the Dresden PUAR has been
completed to verify compliance with the generic acceptance criteria:of
NUREG-0661. Four major differences between the PUAR and the AC ner; fdentified
along with some other minor issues needing additional clarification. Based on
additional information supplied by the applicant, as detailed in the previous
section, all of these issues were resolved. The review of the Dresden PUAR has

been completed with no issues or concerns outstanding.
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