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Pennsylvania Power 8 Light Company
Two North Ninth Street ~ Allentown, PA 18101 ~ 215 l 770.5151

Norman W. Curtis
Vice President-Engineering & Construction-Nuclear
215 / 770-5381

JUN 01 l982

Mr. A. Schwencer, Chief
Licensing Branch No. 2
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

SUSQUEHANNA STEAM ELECTRIC STATION
DRYWELL FLOOR VACUUM BREAKER (VB)
CYCLING DURING CHUGGING
ER 100450 FILE 172-01, 171-M-149
PLA-1107

Docket Nos. 50-387
50-388

Dear Mr. Schwencer:

Please find attached the proposed DAR write-up documenting our actions to
resolve the loading condition caused by VB cycling during chugging. This
write-up formally documents the information presented at the November 18,
1981 Mark XZ/NRC meeting in Bethesda, MD.

We expect to submit the DAR by June 8, 1982.

Very truly yours,

N. W. Curtis
Vice President-Engineering & Construction-Nuclear
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APPENDIX K

DRYWELL FLOOR VACUUM BREAKER (VB) CYCLING DURING CHUGGING
H

In April 1981, the ACRS and NRC requested that the. Mark II Owners investigate
the potential loading condition caused by the rapid opening and closing of the
VB during chugging. For those plants with their primary containment VB's mounted
on the downcomers, the rapid under and overpressures inside the downcomers caused
by the condensation of steam at the end of the vent pipe (chugging) could cause
the VB's to open. Since chugging is a repetitive phenomena, these potential
opening and closing impacts could exceed the original design -basis of the VB's.

Subsequent to this time, PPaL contracted to Creare Inc. to investigate this po-
tential VB cycling due to chugging. Using their VB dynamic model and our GKM

II-M chugging data, Creare's preliminary analysis indicated opening and closing
disc impact velocities of greater than 40 rad/sec.

In parallel with the above, WPPSS, LILCO, PECO and PPGL initiated the Anderson-
Greenwood Co. (AGCo) VB Test Program, to determine the capability of the AGCo

VB to accept the VB cycling due to chugging. All four Owners possessed AGCo
VB's mounted on the downcomers. In November 1981, Phase I of the test program
determined that a closing impact velocity of 5 rad/sec caused overstress con-
ditions in some of the VB components.

Based on the above, PPGL felt that the current VB could not be qualified to the
cycling due to chugging and that a VB redesign could not be developed and imple-
mented prior to our July 1982 fuel load'ate. .Thus, we began to evaluate
possible fixes to mitigate or eliminate VB cycling due to chugging. Specifically,
the most effective fix would be to eliminate the VB cycling, by preventing the
steam condensation at the exit of the vent on which the VB is mounted.

Figure,K-l .shows the capping configuration chosen for SSES to eliminate the
steam condensation at the VB downcomer exit. The capping design incorporates
a 3" schedule 160 drain line which extends into the pool 4'eyond the vent
exit and protrudes 7'-6" into the downcomer.,

Once the condensation at the vent exit is eliminated, the vacuum breaker will
only be subjected to the drywell to wetwell airspace differential pressure.
Therefore, as long as the drywell pressure, does not fall below the wetwell air-
space pressure plus the VB set point pressure (0.5 PSID), the VB will not cycle.
Creare performed an evaluation of the GKM II-M and JAERI data and concluded
that VB will not open due to the wetwell to.drywell differential pressure.
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First, the drain diameter selected has to be adequate to prevent the VB down-
comer from fillingwith water and interfering with the VB's intended function.
Secondly, the drain line configuration must be selected such that steam conden-
sation is prevented. Finally, the capping design must be evaluated for all
loading conditions.

As pointed out in the above, the drain line diameter must be sized to pass the
maximum expected flow of water into the downcomer to prevent the downcomer from
fillingwith water to the VB elevation. This maximum flow rate occurs during
the recirculation mode of the ECCS and can be estimated by calculating the max-
imum ECCS flow into the drywell and reactor vessel which will be available as
flow into the vent pipes. From FSAR page 6.3-2, maximum ECCS flow occurs for
4 LPCI pumps (2 loops) and 2 CS loops. From the GE process diagrams (FSAR
Figures 6.3-5,s 6.3-8a) maximum flow is:

LPCI

2 loops X,21,300 GPM/loop 42,600 GPM

CS

2 loops X 7,900 GPM/loop

Total
15,800 GPM

58,400 GPM

The flow per downcomer is 58,400 GPM

87 downcomers 671.3 GPM

For the 3" schedule 160 drain line, we calculated a flow rate of 500 GPM with
the water level just below the VB elevation. Thus, the drain line is not capa-
ble of passing the maximum ECCS flow.

To resolve this concern, we have installed weirs at the entrance of VB downcomers
to reduce the flow rate into the VB downcomers to below 500 GPM.

In addition, we contracted Creare, Inc. to support Bechtel in the design of the
drain line. They developed an analytical model for the water motion in the vent
during chugging to analyze the water dynamics in the 3 inch dr'ain line. Actual
GKM II-M drywell and wetwell airspace pressure data were used as inputs to the
analytical model and water motion in the,3 inch drain line was obtained. The
results of this analysis shows that based on the GKN II-M data, a. 4 ft. exten-
sion of the drain line below the present vent exit. elevation is adequate to
prevent water from exiting the drain line during chugging.

Further, the analysis showed that a 74 ft. extension of the drain line into the
vent should be adequate to prevent the water from "fountaining" into the vent,
during the rapid drywell depressurization caused by the gross chugging at the
downcomer exits. Again, this conclusion is obtained using the GKM II-M data.

In addition, capping five of the eighty-seven downcomers requires evaluating the
effects on the following:

o peak drywell pressure
o pool swell
o LOCA steam condensation load definition
o vent clearing load
o asymmetric effects
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Our evaluation of the above indicates the following:

o Peak Dr ell Pressure

GE re-calculated our peak drywell pressure based on 82 downcomers
and the same inputs as were used for the original calculation.
Their results indicated a peak drywell pressure of 44.2 psig (vs.
43.8 psig for eighty-seven vents). This is less than the contain-
ment design pressure of 53 psig and less than the Pa = 45 psig
used for the Type A Integrated Leak Rate Test.

o Pool Swell

To determine the effect of capping five of the eighty-seven down-
comers on the pool swell loads, the Bechtel Pool Swell Model
(Reference 1) instead of the Mark II generic pool swell model.
PSAM (Reference 2) was used. This choice was made because the
realistic estimate of the effects of capping was desired. This
could not be done using a pool swell model developed for highly
conservative estimates (PSAM), rather, a model which contains
"sufficient physics to make an adequate comparison with both full
and subscale experimental data was required. Using the Bechtel
Pool Swell Model, two pool swell transients were calculated and
the results compared. The SSES plant parameters (drywell volume,
submergences, etc.) were obtained from the SSES DAR. The first,
transient calculated was for eighty-two active (uncapped) down-
comers, and thus used the pressure-temperature transient recal-
culated by GE for eighty-two downcomers. The second transient

'was for eighty-seven downcomers'nd used the pressure-temperature
transient for eighty-seven~ downcomers.

Pool swell can be characterized by the maximum value of the swell
heighth HM and the maximum swell velocity Um. Table 1 compares
these values with and without the five downcomers capped. The
results verify the conservatism of our original pool swell calcu-
lation.

o LOCA Steam Condensation Load Definition

Besides containment geometry, the chugging/CO pressure transient
is a function of chug source strength and the number of sources.
The capping of five downcomers will, thus, potentially have off-
setting effects. Since the number of active vents passing steam
from the drywell to the wetwell is reduced and the mass and energy
release into the drywell is 'about the same, the vent mass flux
could rise which would increase the chug source strength. How-
ever, because there are five fewer.,sources in the same contain-
ment. volume, the pressures may not increase. Subscale experimental
investigation of the chugging phenomenon by Creare (Reference 3)
indicated. that chug source strength increased monotomically with
steam mass flux.
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Examination of the vent steam flow rates calculated by GE reveals
that 0.5% difference between the 82 and 87 vent cases. Thus,
according to the Creare results to a very good approximation, the
chug source is the same for 82 and 87 vents. To determine the
effect of the downcomer capping on the LOCA load definition, a
calculation was made using 82 design chug sources. Although pres-
sure extrema were larger at various locations on the containment
boundary for 82 active vent than for 87 vents, the mean-square
pressure, which is the better measure of the chugging load, is
everywhere less as would be expected. Table 2 gives the variation
of the. mean-..square pressure around the,containment''at the outer
wall and basemat junction.

The submerged structure drag load due to bubble charging prior to
pool swell was calculated using the XWEGS acoustic methodology
(see DAR Subsection 4.2.1.7). For containment design, 'an empirical
source was developed from the 4TCO test data. Examination of the
vent air flow rates given in the General Electric mass-energy re-
lease analysis for 82 and 87 vents shows there is very little
difference between them. The air-clearing source strength is
intimately connected with air flow rate, thus, the 82-vent SOURCE

will be the same as the 87 vent source. The air-clearing source
is, however, of very low frequency. Therefore, based on the
previous results, the same trend in the mean-square pressure can
be inferred.

o As mmetric Effects

The VB downcomers are located symmetrically around the containment
every 60'. Thus, we expect no 'increased asymmetric effects as a
result of capping the five VB downcomers.

Based on the above discussion, we believe that capping the five VB downcomers
eliminates the VB cycling due to chugging, with no adverse effects on the SSES

design.
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References: 1) G. K. Ashley II and N. M. Howard, "Understanding
Poolswell in a Mark II Type BWR", ANS Topical
Meeting on Thermal Reactor Safety, July 31—
August 4, 1977, Sun Valley Idaho.

2) R. J. Ernest and M. G. Ward, "Mark II Pressure
Suppression Containment Systems: An Analytical .

Model of the Poolswell Phenomenon", NEDE-21544P,
General Electric Co., December, 1976.

3) B. R. Patel, F. X. Dolan and J. A. Block, Creare
TN-307 Report (NEDE-24781-1-P), January, 1980.
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TABLE 1

Comparison of the maximum swell height Hm, and maximum swell velocity
U , for the case of 87 active vents (no capped downcomers) and the
case of 82 active vents (5 capped downcomers).

87 Active Vents
(No capping)

(ft)
16.95

Um 'ft/s)
30.04

82 Active Vents
(5 downcomers capped)

16.88 29.79

% Change -0.4 -0.8
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TABLE 2

2
Comparison of mean-square pressure (kPa ) at the junction of the
containment boundary and basemat as a function of azimuth angle 8
for 82 active vents and 87 active vents.

MEAN-S UARE PRESSURE (kPa )
2

Source

KWU 303

90

180

87 Vents

697.33

759.44

786.49

".82 Vents

601.08

640.19

727.37

KWU 306

90

180

681.53

908.31

1527.03

602.70

823.43

1507.65

Note: KWU Sources 303 and 306 were found to be design controlling.
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