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B E A Vv N EXAS a

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Denton:
River Bend Station - Unit 1|
Docket No. 50-458

Enclosed is the Gulf States Utilities Company (GSU) final response to the
two letters from A. Schwencer (Nuclear Regulatory Commission - NRC) to W. J.
Cahill (GSU) dated June 23 and July 23, 1982 pertaining to containment issues
raised by Mr. Humphrey. This submittal supercedes all previous submittals
(including the letter from J. E. Booker - GSU to A. Schwencer dated April 29,
1983) by providing complete information on all issues. Attachment 1 provides
a cross-reference of containment issues to GSU Action Plans and their status.
Attachment 2 contains the GSU detailed responses and although some editorial
changes have been made to those action plans previously submitted (i.e. on
April 29, 1983) the conclusions reached have not been changed.

In regard to Safety Evaluation Report (SER) Confirmatory Item #14 -~
Mark-II1 Related Issues (SER Section 6.2.1.9, pg. 6-18,) the two concerns
raised are also addressed in this submittal. Item | requested further review
of the effects structural encroachments over the suppression pool might have
on pool ewell and impact loads. Information from the 1/10th scale testing
program 1is included in response to Concern Nos. 1.l through 1.7 (Actien Plan
Nos. 1 through 4) and demonstrates that effects of local encroachments is not
an 1issue for River Bend Station (Staff agreement provided by Memorandum from
M. B. Fields - NRC to W. R. Butler - NRC dated December 31, 1984.) 1Item 2
requested further review of the response of the Residual Heat Removal (RHR)
System in the Steam Condensing Mode and nearby structures in the suppression
pool to loads produced by the steam condensation phenomenon. The response to
GSU Action Plan No. 6 discussed the analyses completed which indicate the use
of the RHR System in the Steam Condensing Mode 1is warranted and no
restriction on operation is necessary.

Sincerely,

T

Manager-Engineering
Nuclear Fuels & Licensing
341/ River Bend Nuclear Group
JEB/WJR/JWL/ je
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ENCLOSURE 1

CONTAINMENT ISSUES CROSS REFERENCE

ADDRESSED IN
CONCERN NO, ACTION PLAN NO. STATUS

Complete Generic
Complete Ceneric ‘
Complete P/S Generic |
Complete Generic
Complete P/S
Complete P/S Generic
7 Complete P/S
Complete P/S
Complete P/S
Complete P/S
Complete P/S
Complete Ceneric
Complete P/S
Complete P/S
Complete P/S N/A
Complete Generic
Complete P/S
Complete P/S
Complete P/S
Complete P/S
Complete P/S
Complete P/S
Complete P/S
Complete Generic
Complete P/S N/A
Complete P/S N/A
Complete Generic
Complete P/S N/A
Complete Generic
Complete P/S N/A
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. Complete P/S
. 21 Complete P/S
. 19 Complete P/S N/A
' 48 Complete P/S
. 22 Complete P/S
. 45 Complete P/S
. 38 Complete P/S N/A
" 23 Complete P/S
. 39 Complete P/S
. 23 Complete P/S
: 13 Complete P/S
. 24 Complete P/S
. 40 Complete P/§
. 25 Complete P/§
. 26 Complete P/S
. 28 Complete P/S N/A
¢ 27 Complete P/S




ADDRESSED IN

CONCERN NO, ACTION PLAN NO. STATUS

9.1 11 Complete P/S

9.2 19 Complete P/S

2.3 28 Complete P/S
10.1 29 Complete P/S
10.2 30 Complete P/S

11 31 Complete P/S Generic
12 41 Complete P/S N/A
13 42 Complete P/S N/A
14 32 Complete P/S N/A
15 43 Complete P/S N/A
16 33 Complete P/S

17 46 Complete P/S N/A
18.1 44 Complete P/S
18.2 44 Complete P/S
19.1 34 Complete P/S N/A
19.2 35 Complete Ceneric
20 36 Complete Generic
21 49 Complete P/S

22 37 Complete Ceneric

P/S = Plant Specific
N/A = Not Applicable



~IVER BEND STATION - UNIT 1
GULF STATES UTILITIES COMPANY

ACTION PLAN TO ADDRESS
ADDITIONAL CONTAINMENT ISSUES




II.

1.1

1.2

1.4

. 1ssues Addressed - Generic

Presence of local encroachments, such as the
TIP platform, the drywell personnel airlock,
and the eqguipment and floor drain sumps, may
increase the pool swell velocity by as much as
20 percent.

Local encroachments in the pool may cause the
bubble breakthrough height to be higher than
expected.

Piping impact loads may be revised as a result
of the higher pool swell velocity.

Program for Resclution*

1.

Provide details of the one-dimensional
analysis which was completed and showed a
20-percent increase in pool velocity.

The twvo-dimensional model will be refined by
addition of a bubble-pressure model and used
to show that pool swell velocity decreases
near local encroachments. The code is a ver-
sion of SOLA.

The inherent conservatisms in the code and
modeling assumptions will be listed.

The modified code will be benchmarked against
existing clean pool PSTF data.

A recognized authority on hydrodynamic
phenomena will be retained to provide guidance
on conduct of the analyses.

An evaluation will be made with drawings of
various plant encroachments and pool
geometries to establish that the results of
the Orand Gulf Analysis are bounding or
representative.

The effects of the presence of local encroach-
ments on pool swell will be calculated with
the two-dimensional code. These calculations
will be based upon the worst-case encroachment
geometry identified in Item 6.a.
Three-dimensional effects (such as bubble
preakthrough in nonencroached pool regions)
will be included based upon empirical data.
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III.

Iv.

" A 1/10 linear Froude scaled Mark III encroach-
ment test will be performed to benchmark the
SOLA-VOF code and provide additional in-
formation on the pool response with varying
encroachment geometries. This additional in-
formation will aid in determining any areas
and/or loads of liguid or froth impact not
previously considered.

tus*

Items 1 through 3 are complete and included in MP&L's
August 19, 1982, submittal (Reference No. AECM-82/353,
Attachment 1.1). Items 4 and 6 are completm and in-
cluded in MP&L's October 22, 1982, submittal (Reference
No. AECM-82/497, Attachment 1.2). Item S is complete
and included in MP&L's December 3, 1982, submittal
(Reference No. AECM-82/574, Attachment 1.3). Results
of Items 6A and 7 are included in this submittal.

Einal Program Results®

Item 6A

The only significant encroachment in RBS is the TIP
platform. This encroachment is similar to the en-
croachment that has been analyzed for Grand Gulf Nu-
clear Station (GONS) as shown in Table 1 below.

Table 1 Comparison of GONS and RBS Pool Encroachment

River Bend Grand Culf
Radial width 11' 4" 10' 8"
Circumferential
extent 15' 22'
Vertical height 7' 9'
Clearance to HCU
floor from HWL 21.128' 22'
Pool width 20.5' 20.5'
PDW-Max (psig) 19.1 22.0

Since the encroachment geometry in the two plants is
similar, and the driving pressure in the River Bend is
less than that of GONS, it may be concluded that the
TIP platform in the River Bend plant produces a local
response less severe than that of the CONS. Based on
this response, this issue is considered closed for RBS.
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Item 7

In early 1984, a series of 1/10 linear Froude scaled
Mark 11l encroachment tests were performed under the
auspices of the Containment Issues Owners Group (CIOG).
The CIOGC concluded on the basis of this test series
that local encroachments in the suppression pool do not
produce pool swell (Reference 1) loadings in excess of
the unencroached or clean pool design loads. This con-
clusion was based on the observations that:

1. The encroached pool response is always bounded by
the clean pool responses.

2. The encroached pool breakthrough height is always
less than the design breakthrough height.

3. The encroached pool ligquid profile on the contain-
ment wall is smaller radially than the clean pool
wall profile.

The NRC and its consultants disagreed with the CIOG

conclusions. The NRC believed that "there will be a

significant solid water impact at the Hydraulic Control

Unit (HCU) floor level for type A encroachment (3 cells

x 50%)" (Reference 2). However, the NRC did not

believe that the smaller encroachments (i.e., B cells x

sox; would cause an increase in design loads. In the

NRC's opinion, "for the 'C' encroachment, the ligament

has... become broken up and has also virtually stopped

rising by the time it reached the HCU floor level"

(Rnference 2).

The River Bend Station (RBS) traversing incore probe
(TIP) platform, which is the only significant encroach-
ment in the suppression pool, is essentially a C series
encroachment. Figure 1 shows the geometry of this
encroachment. Since the encroachment is a rectangular
block in an annular pool, some ambiguity exists in
defining the circumferential extent of the
encroachment. If the vent spacing at the drywell wall
is used, tia circumferential coverage is 2.6 cells; if
the midpoint spacing is wused, the circumferential
coverage is 2.1 cells; while if outer edge spacing is
used, the circumferential coverage is 1.9 cells., It is
most appropriate to use a radial vector through the
edye of the encroachment to determine the appropriate
circumferential extent. With this rationale, the
geometry of the vents is relative to the encroachment,
since this ies the path of least resistance. Thus only
one bubble would remain in the encroached area, which
test results indicate would produce significant pool
curvature and loadings less than the design values.
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Sketch No. SK-5-4712-2 (Figure 2) shows equipment and
structures above the tip drive platform encrc ‘“hment
for River Bend. The crosshatching denotes the . .ne of
influence for froth impact loads caused when the pool
rises around a Type C encroachment and begins to break
up (Reference 2, Figures 7 and 8). The only structures
and equipment potentially affected by rising water are
termination cabinets containing cables not required for
large break LOCAs (Item 7), a plate (Item 6) which
protects cables entering the control rod drive position
multiplexer cabinet (the loss of which would not offset
safe shutdown), and the structural framing shown within
the crosshatched area.

This equipment, located on elevation 114 ft, 1is
designed to withstand froth impact loads as described
in FSAR Appendix 6A, Sections 10, 11, and 12.

Other eqguipment in this vicinity, also shown, is out-
side the zone of influence and/or is shielded by the
tip drive platform itself.

Sketch No. SK-5-4713-2 (Figure 3) shows Section AA.
The underside of elevation 114 ft is shown in isometric
Sketch No. SK-5-4738-1 (Figure 4).

In summary, there is only one significant encroachment
for RBS, and it is representative of the tested en-
croachment configuration which produced no increase in
design pool swell loads. The loading specification
which has already been considered for design in this
area is the very conservative froth impact load method
specified 4in the Mark IIl acceptance criteria. Thia
specification was based on the 50-ft/sec design froth
velocity with the duration of the loading tuned to the
natural period of the structure. Since the ligament
has become broken up and has alsco virtually stopped
rising by the time it reaches the HCU floor level, the
expected loading 4in the vicinity of the encroachment
will be substantially reduced. Therefore, the en-
croachment issue should be closed for RBS.

References
1. McNamara, E. J. (et. al., General Electric Co.),
Mark 111 Encroachments Summary " Report,

November 1984 (Attachment 1.4).

2. Sonin, A. A., Comments on the 1/10 Scale Tests for
the Effect of Encroachments on Mark III Pool Swell,
September 27, 1984 (Attachment 1.5).

*This revision replaces the GSU submittal dated April 1, 1983.
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ATTACHMENT 1.1

The results of Items 1 and 2 and portions of Items 3 and 4
are attached.

Ref: AECM 82/353



The one-dimensional (1-D) scoping analysis discussed in Item 1 of
"the program for resolution was initially performed by General
Electric to determine the effect of pool encroachments on the pool
swell transient. The conclusions of this study were: (a)
Encroachments typically found in Mark III containments have only a
scall effect on the pool swell transient; and (b) A more refined
2-D analysis would have to be performed to determine the actual
magnitude of the effect.

This analysis was performed using a GE computer code (MICPTO4)
which 4is based on the General Electric Mark III Pressure
Suppression Containment Analytical Model (References 1, 2). A pool
swvell model (Reference 3) has been incorporated into this code.
This analysis modeled the pool encroachment as being & blockage in
the pool of uniform width (the width of the TIP platform) around a
360° pool sector. Thus, this analysis implied 472 of the GGNS pool
to be covered, while only 4% of the pool is actually covered. The
effect of the 471 encroachment was found to cause the drywell
pressure (pool swell driving force) to increase 10%. The increase
vhich might be expected for GGNS based upon this extremely
conservative analysis is 10X x 4X/472 = 12. Thus, the pool is
somewhat overdriven by this particular modeling.

The 1-D assumption sets the encroachment at infinite vertical
extent. The modeling also constrains the bubble into the reduced
annulus formed by the encroachment edge (extended vertically) and
the containment wall, as shown in Figure l-1. Thus, an assumption
sust be made with regard to the water which was initially under the
encroachment. This analysis assumed half of the water under the
top vent stagnates while the other half moves (at time t = 0) to
the open portion of the pcol; thus, the initial pool submergence
was assumed to increase with encroachment size.

The code does not have a bubble breakthrough mechanism. In fact,
in the 1-D modeling, the water slug above the top vent does not
thin with time. There 4s no relief of driving force -~ either
radially over the encroachment or circumferentially after
breakthrough occurs in surrounding cells. Therefore, a further °
assumption must be made regarding where breakthrough occurs. Basud
on test data, the best estimate for where breakthrough occurs is
1.6 times the initial submergence above the initial (t = 0) pool
surface. This corresponds to a breakthrough elevation of 12 feet
above the initial pool surface for the unencroached pool. For the
encroached pool, the breakthrough elevation will again be assumed
to be 1.6 times the initial submergence above the initial pool
surface, except the 4initial submergence is larger due to the
assumption that half of the water under the encroachment is added
to the open portion of the pool. Resulting breakthrough heights
for various pool area fractions blocked by encroachments are
plotted in Figure 1-2.



Figure 1-3 provides analysis results presented as peak pool swell
‘velocity versus pool area fractions blocked by encroachaents. For
annular encroachments having the Crand Culf TIP floor centerline
width, 1=D analysis predicts a 232 velocity increase. These
results are within the design margin of the load definition. The
design velocity (60 ft/sec) 4is 331 larger than expected (40
ft/sec), and thus the 33%7 margin bounds the 232 (worst-case)
projected velocity increase.

This analysis estimates an upper bound of the effect of
encroachments. This represented a first-attempt to assess such
effects. However, General Electric (GE) felt that the 1-D analysis
gesults vere excessively conservative and potentially misleading.
Accordingly, GE stopped the 1-D analysis wvork, without performing
detailed verification of that study, and initiated work on 2-D
analyses since 2-D analyses appeared to be necessary to obtain a
realistic assessment of encroachment effects on pool swell
velocities.

SOLA-VOF, a computer program for solution of 2-dimensional
transient flows, developed by Los Alamos Scientific Lab (Reference
4), was modified to include a hydrodynamic model of the bubble and
vent system to conform with the work discussed in Item 2 of the
program for resolution. SOLA-VOF solves the Navier-Stokes
equations for an incompressible fluid on a tvo-dimensional
rectangular mesh, with the capability to track fluid region
{nterfaces and multiple free surfaces. For pool swell problems,
additional capability was needed to relate the bubble pressure to
the drywell pressure and the flow losses through the vent systems;
which necessitated the addition of bubble and vent system wodeling.

The vent flow model incorporated into SOLA-VOF is based on the
assumptions of a perfect gas with constant specific Theat
adiabatically flowing through a constant-area duct with friction.
Air 1is assumed as the constant temperature fluid wmedium, The
modeling considers omnly subcritical flow and the bubble pressura is
not alloved to drop below the critical vent exit pressure.

Isentropic flow is assumed upstream from the vents. Ao

The user controls several important input parameters to the
modeling. These include the ratio of specific heats, the gas
constant, the temperature, the vent area, the vent loss
coefficient, and a 3-D volume correction factor. The user also
{nputs the pool and vent system gecmetry, fluid properties, and
drywell and wetwell pressure histories. Currently, the ratio of
specific heats and the gas constant for air are used. The
temperature used is the average drywell temperature, Vent area is
obtained from geometry data. The vent loss coefficient used is the
same as that used in final safety analysis report modeling. The
3-D volume correction factor is found by taking the ratio of bubble
volume in three dimencions to bulble volume in two dimensions for
the same radial cross-section. This is done for several bubble
volumes and input in tabular form, with volume ratio as a function
of 2-D omputed volume.
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The added modeling contains routines to compute the vent flow
pressure losses due to friction based on the vent flow computed
from the bubble expansion rate. The vent loss modeling is based on
the Fanno frictional flow model. With knowledge of the stagnation
and back pressures, the properties at the vent entrance (state 1)
and the Mach numbers at the vent entrance and exit (state 2) can be
computed. Then, the properties at state 2 are giver by the Fanno
relations:

(k=1) .2
b Pl S (1)
1 1« IE Hi
(k=1) , 2
e ¥ B O by maty, (2)

o M 1o Lk=b) 2
1 2 - 1

& . /utz ' &)

vz & nzcz : . (%)
The two subroutines which solve these equations in the General
Electric computer program SHEX were incorporated into SOLA-VOF.
The methodology used in the SHEX program is described in detail in
references 1 and 2.

Mass conservation for thg bubble may be written as follows:

.;}'o;:i-o (5)

wvhere H' is the vent mass flux is the bubble mass. The voné
moss flux is computed from the pfoperties at state 2:

H' -P2 7 A (6)

L

vhere A is the vent area. The derivative of bubble mass may be
expressed as

o B 'y dry ™
® @ (’bvb) "ha *hw
Thus, equation (5) becomes :
an o (8)

—vaOIt—¢,;zt_
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The modeling incorporated into SOLA-VOF iterates at each timestep
‘to find a back pressure (bubble pressure) for which the exit
conditions predicted by the Fanno model satisfy equation (8).

1he solution of equation (8) reruires knowledge of the bubble
volume at each timestep. Since SOLA-VOF is a two-dimensional code,
the volumes computed are not representative of a 3-D bubble. To
account for this, the volume computed by the SOLA-VOF algorithm is
multiplied by the correction factor discussed above. This
multiplier must be empirically determined for each geometry.

The bubble and vent system modeling (i.e., computing the airflow
into the bubble) only accomodates flow through the top vent. The
second vent clears so late into the transient that its flow will
not significantly affect the bubble grewth and, consequently, will
not significantly affect the breakthrough height or velocity. For
tracking the interface motions at the bottom two vents, the bubble
pressure of the first bubble 1is applied at the middle vent
interface and then still later, at the bottom vent interface after
the respective vents clear.

The changes in pool swell velocity and bubble breakthrough height
are being predicted by use of a multiplier. The sultiplier is
calculated using a ratio of computer predictions for encroached
pools to unencroached pools. Although numerous conservatisms exist
in the computer predictions, the wmultiplier ratio essentislly
"cancels out"” these conservatisms. Consequently the conservatisms
discussed in item 3 of the program for resclution are limited to
the comservatisms in the clean pool peak velocity and breakthrough
height specification. The conservatisms in these specifications
are listed in GESSAR II Appendix 3B, Attachment 0, Response to NRC
questions 3 and 9. =

Bench marking of the modified version of SOLA-VOF for pous svell
calculations is being performed as discussed in Item 4 of the
program for resolution by simulating pool swell tests that were run
at the GE Pressure Suppression Test Facility (PSTF). These
simulations will include ten cases selected from the 1/9, 1/3, and
full-scale tests (References 5, 6, 7). Geometry, pressure
histories, bubble parameters and initial conditions will be input
to the computer program and pool swell response will be calculated.
The pool swell results from the wmodified SOLA-VOF, including
velocity and elevation, is being compared to the test data.

At present, a preliminary simulation of a 1/9~Area Scale test has
been completed. This case is Test 6002 Run 7, a 5-ft vent
subme-gence, 1002 main steamline break simulation., Figure I-4
shows the pool surface elevation as a function of timpe as computed
by the modified SOLA-VOF and as indicated by the test data.
Current predictions are close to the test data, although the
calculated displacement is conuistrently low by about 10Z.
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The pool surface velocity as a function of height for the 1/9-Area
‘Scale simulation is shown in Figure 1-5. .The predicted velocity is
consistently higher than that indicted by PSTF data. Also, the
transient continued well past the end of the PSTF data,
demonstrating the need for a breakthrough criterion.

Final iterations to this model are still in progress to refine its
capability to predict both pool displacement and velocity.

References

1. Bilanin, W. J., "The General Electric Mark III Pressure
Suppression Containment System Analytical Model", NEDO-20533,
June 1974.

- 8 Bilanin, W. J. et al, "The General Electric Mark III Pressure
Suppression Containment System Analytical Model (Supplement
1)", NEDO-20533, September 1975.

3. Ernst, R. J. et al, "Mark II Pressure Suppression Containment
Systems: An Analytical Model of the Pool Swell Phenomencn”,
NEDE-21544P, December 1976.

4. Nichols, et al, "SOLA-VOF: A Solution Algorithm for Transient
Fluid Flow with Multiple Free Boundaries", LA-8355, August
1980. '

5. [Kingston, R. E., "Mark III Confirmatory Test Program 1/9-Area
Scale Multivent Pool Swell Tests (Test Series 6002)",
NEDE-24648-P, May 1979.

6. Ernst, R. J., et al, "Mark III Confirmatory Test Program
One-Third Scale Three Vent Tests (Test Serias 5801 Through
5809)", NEDM-13407-P, May 1975.

7. Myers, L. L., et al, "Mark III Confirmatory Test Program Phase
I-Large Scale Demomstration Tests - Test Series 5701 Through
5703", NEDM-13377, October 1974.

Details of Planned Analyses

The 2-D SOLA-VOF Computer Program modified with the inclusion of a
bubble model will be utilized to determine the effect of local
encroachments on pool swell as discussed in Item 6 of the program
for the resolution. When the implementation and qualification of
the modified code version is complete, the GGNS geometry will be
simulated. The containment response analytical model will be run
for the GCNS pool gecmetry and GGNS initial conditions to determine
the drywell and wetwell pressure time histories. Standard FSAR
assumptions will be made for the detarmination of these time
histories with the exception that the pool surface area will be
decreased by the total encroachment area in order to maximize this
pool swell driving pressure and assure an upper bound on resulting
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pressure histories will be input into the wmodified version of
"SOLA-VOF and the bounding clean pool peak bubble pressure, peak
pool surface velocity and the breakthrough elevation will be
determined.

To determine the effect of the encroachments, these drywell and
wetwell pressure histories will be input into SOLA-VOF with the
bubble model incorporated and the GGNS TIP platform modeled. This
case will be run up until the time the reference clean pool case
predicted bulk breakthrough. The modified SOLA-VOF will then be
restarted with the driving pressure being ramped to the wetwell
airspace pressure to determine the peak pool swell height. This
approach is justified on the basis thac PSTF tests indicate that
the adjacent pool swell bubbles coalesce circumferentially. If
breakthrough occurs elsevhere in the pool, the higher bubble
pressure under the encroachment would be vented circumferentially
to the wetwell airspace through the path of least resistance.

There is also the potential for breakthrough to occur over the
encroachment. To determine if this will occur, a criterion will be
developed which predicts when radial breakthrough (breakthrough
over the encroachment) would occur. If this criterion {is
satisified in the analysis, the modified SOLA-VOF run will be
terminated at the moment of breakthrough, and restarted with the
bubble pressure being ramped to the wetwell airspace pressure.

The resulting peak velocity and breakthrough elevation from the
encroached pool will then be compared with the like quantities in
the reference clean pool case to determine the effect of the
encroachments.

It is anticipated that the effect of the encroachment will be to
lower the pool swell velocity in the vicinity of the encroachment.
Preliminary results show the pool surfice acceleration to be
substantially less in the encroached case than in the clean pool
case. Hence, when breakthrough occurs 4in unencroached pool
regions, the driving pressure will be removed. High velocities and
breakthrough heights will therefore not occur near encroachmeuts.

VIi. Justification For Full Power Operation

The results which have been obtained from preliminary ome
dimensional analysis indicate a net effect of less than 1% in terms
of the composite pool swell phenomena. Extensive margins exist in
the existing GGNS analyses such as assuming a pool swell velocity
of 60 ft/sec, applying the absolute bubble pressure methodology to
definition of submerged structure loads, and the HCU floor is
higher above the suppression pool than the GESSAR plant.
Preliminary assessments indicate that the pool swell velocity and
bubble breakthrough heights may actually decrease near the
eucroachment. Extensive coaservatisms have beenu employed in
defining peak pool swell velocity and maximum bubble breakthrough
height. Based upon the aforementioned argument, full power
operation of GGNS should be permitted pending completion of
analyses which are in progress.
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Pages 1-13 and 1-14

These pages represent General Electric Company Proprietary Figures

August 19, 1982 submittal (Reference No. AECM-82/353).

1-4 and

1-5. These figures have been previously provided to the NRC via MP&L's



ATTACHMENT 1.2

The results of Items 3, 4, and 6 are attached.

Ref: AECM 82/497
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The methodology used to predict peak pool swell velocity and
gaximum swell height is extremly conservative,

The output of the modified SOLAVOl code is used directly to cbtain
the eacroached case peak velocity and maximum swell height. The
peak v-locity obtained (31 ft/sec) is conservative (i.e., higher
than gctually will occur) since:

1) Condensation 1is not accounted for. The effects of
condensation are discussed in detail under {tem six of this
action plan; however, condensation {s expected to cause
approximately s 201 reduction in peak surface velocity.

2) The driving dryvell opressure was calculated by the
containment analytical model which 1is known to overpredict
dryvell pressure by approximately 15X (GESSAR II, Appendix 3B,
Attachment O, Response to NRC Questionm 3).

3) Comparisons between test measurements and code predictions
‘uv presented under item 4 of this actfon plan show SOLA tends to
; cnrpudtct pool swell nlociuu. ucludu; air blowdown

5" cases “!‘“ﬁ eonduutton._ e

e 1 I W R SRR

s2

4) 7Y The pressure in the bubble u wot allowed by the code to dtop

“"below the pressure which would choke the flow exiting from the
vent. In both the real and calculated situations, the bubble
expansion 4s such that thg pressure decreases belov the
eritical pressure. Thus, both the clean pool and the
encroached pool are overdrivenm by this effect after
spproximately 1.1 sec.

‘The other critical output of the CGNS encroached pool SOLAV run is
the peak pool swell height. Since local bubble breakthrough does
not occur in the vicinity of the encroachment, the peak swell
height 1s a strong function of the peak velocity. Once peak
valocity 4s obtained, the slug slows under the influence of
gravity. As previously demonstrated, the peak velocity i
conservatively high; therefore, the peak swell height is likevise
extremely conservative. When the conservatisms on velocity are
considered, it is expected that the slug would not reach the HCU
floor.

Item 4

Extansive simulations of pool-swell tests have been conducted using
SOLAVO! to verify the accuracy of added modeling. The simulations
include tests from the 1/9-, 1/3=, and full-area-scale facilities.



The actual runs ured for comparison were 5701-5, 5706-2, -3,
: 5801-9, ~10, ~11, *$Cé-1, -2, and 6002-6, ~7. Both air and stean
\ blowdowns from the 1,3~ and full-scale facilities were simulated.
A representative sim:lation of the 1/9-, 1/3-, and full-scale test
is discussed in detail below.

!nggt Assgggttonl

For each facility, rhe geometry was obtained fromw pertinent test
reports. The wmost difficult constraint upon two dimensicnal
podeling is simultaneously retaining the ratio of weir annulus
surface area to vent flov area and the weir annulus surface area to
suppression pool surface area ratio. The effect of failure to
sinultaneonsly maintain these ratios is only significant before
vent clearing, and typically results in a delay of vent clearing on

the order of 0.1 - 0.2 seconds. The use of cylindrical or
rectangular geometry wvas evaluated and rectangular geometry was
selected for the subsequent analyses since it provided better
agreement with test results. The vent height was shown to have a
significant effect on vent clearing; in all simulations, the height

vas sct to the vent diameter, rather than preserving vert flow
area. For the 1/%-gcale simulations, the vent was shortened to
preserve vent voluze; however, in the 1/3- and full-scale

.., 8imulations, the true length of 5 ft was used, as presarving veat
; W7 volume would result in vent length longer than 5 fr. In all cases,
e e the true suppression pool width was used, and the weir annulus
'S v.ith was scaled to preserve the ratio of pool surfsce ares to weir

-

s anoulus surface srea, i E

N :m:f?x?\z'?a..::‘u?ﬂ;-t.c;w‘.'".‘”- X . '

“*“A bubble volume correction factor is used to compensata for the
modeling of a three dimensional bubble in two dimensions. The
methodology emploved in calculating these correction factors is
discussed in detail in reference 1. The ratio of true bubble
volume to 2-D computed volume was determined for several assumed
bubble shapes. The assumed shapes included a hemispherical bubble
over the vent exit, a spherical bubble tangent to the vent exit and

the sides of the pool sector, snd a large bubble nearly filling the
pool. These computations were made for the !/3-scale geometry and
extrapolated for use in the 1/9-scale and full-scale tests by
normalizing to the ratios of true pool surface area to 2-D pool
area. :

For each test, dryvell and wetwell pressure histories vere obtained
from the test records. Other inputs obtained from test data
included initial pool and weir annulus water levels, water
temperature (from which fluid properties are obtained), and the
average drywell air temperature, which wvas used as the stagnation
tecperature in the vent flow model. Air was used as the fluid in
the vent {lov mocdel to eliminate uncertainty due to the effects of
condensation and to provide direct comparisons with air blowdowns.
The flow loss coefficient (fL/D) wvas obtained from
previously-performed best-estimate calculations.

s3



Conmparison Results

Figures l-1 and 1-2 show the pool and bubble surface configurations
at several times into the pool swell transient for run 6002-7.
This run is a 1/9- scale steam blowdown with 5-ft vent submergence.
The test data are shown for comparison. The calculated surface
rises somevhat faster than the test data indicates. Figure 1-3
shows average surface elevation as a function of time. The solid
line is the average of the SOLAVOl results; the dashed line is a
corrected average which accounts for the difference in bubble
volume between the true geometry and the 2-D model. Since average
surface elevation is a direct function of bubble displacement, the
2-D effect tends, as expected, to cause overpradiction of surface
elevation. Figure 3 shows that, with the correction, the SOLAVOI
prediction is very close to the test data.

Figures 1-4 and 1-5 show the pool and bubble surfaces for run
5801-9., This run 4is a 1/3-scale steam blowdown with S5-ft vent
submergence. The pool surface predi~tion is very close to the test
data, falling slightly below the test data at 1.3 seconds. The
predicted bubble surface is generally lower than the test data, due
to a vent-clearing delay of about 0.1 seconds. Figure 1-6 shows the
N pool surface elevation transienc, compared with test data at
mﬁmmul radial locaticns.  The predictic: shows similarity between
the prcdictcd and measured surface curvature. The elevations shown
‘are__pot corrcctad for the 2-D bubble, and ai average surface
"oicvattoa “curve 'is npot presented since the ave-sge surface
-Ay, elevation cnlcula:iono are not applicable to cases wi.: curface
‘"“ecurvaturs. However, correction for the 2-D bubble would lower the

elevation predictions by about 1 fr.

Figures 1-7 and 1-8 shov the surface predictions for run $5706-2.
This run is a full-scale air blowdown with 6-ft vent submergence.
The prediction is very close to the test data, but exhibits
somevhat less surface curvature. Figure 1-9 shows the surface
elevation transient, which again shows good correlation between
test results and code predictions, especially in the center of the
pool.

§1‘gjf1can: Trends

As previously mentioned, vent clearing tends to be delayed by about
0.1 seconds in most cases. The delay does not cause appreciable
errors in the remainder of the transient. In fact, the pool
elevation transient tends to lead the test data in some cases.
This may be a combined effect of the 2-D considerations and steam
condensation, which will be discussed in more detail.

Another general trend noted froc the cosparisons is that velocity
tends to be somewhat higher in the sisulations, especially for
tests vhich employed steam blowdowns. This trend is largely due to
the lack of stesm condensation wmodeling in the code. Steam
condensation reduces the mass in the bubble, and consequently the




pressure. Thla argument {s lupporud by two obmarvations. Tirst,

( the velocity effect tends to be more pronounced in runs with Mgher
submergence. The higher submergence increases condensatior ¢ ‘ccts
both by delaying pocl swell until a higher percentage of stean is
in the bubble, and by increasing the hydrostatic head. Seconé. the
velocity prcdictionu are wmuch closer to test data in the air
blowdowns (1/3- and full-scale), in which large drywell vclume
reduced the percentage of steam in the blowdown mixture. The trend
tovard higher velocity error with increasing submergence is not
noted in the 1/3-scale air test.

The comparisons between SOLAVOlL predictions and measured test
results provides assurance that the modeling of phenomena with the
SOLAVOL code accurately represents. physical processes. In
particular, the comparisons completed to date have validated the
methodology used to calculate geometric factors which account for
discrepancies betveen two dimensional wodeling and three
dimensioral phenomena. These comparisons have included s wide
range of initial conditions 4including variations 4im b.cwdown
composition and initial vent submergence. Several irherent
conservatisos in the modeling have been demonstrated. The
_ principle result of the aggregate of these conservatisms is that
- pool swell vclocity prodtcttoaa tcnl to exceed measured test data.
m“‘ "‘1,-0'3. b PR =

‘jggg"‘drﬁmgrw' J!¢...

0 e 22 ,!bo modified SOLAVO! computer code described in refersnce | and

EIDeTy “5: verified above was used to determine the effect of the Grand Gulf

R ey o+« - TIP platform on the pool swell transient. To determine the
encroschment effect, it was first necessary to develop a reference
clean pool base case. This vas done by first running the
containment response analytical model (MICPTO4 ~ References 2, 3)
for the CONS pool geometry and GONS initial coanditions to determine
the dryvell and wetwell pressure~time histories. Standard FSAR
assumptions vere made for the determination of these time histories
with the exception that the pool surface ares was decreased by the
total encrcachment area to maximize the pool swell driving pressure
and assure an upper bound on resulting encroachment effects. These
reference pressure histories were input into the modified SOLAVOL
code, and the bubble pressure and peool surface elevation time
histories were determined. Figure 1-i0 shows the input drywvell and
vetwell pressure histories and the resultant bubble pressure
history for the CCNS clean pool case. Figure l-ll shows how the
bubble and pool surfaces evolve during the transient. The growth
patterns are consistent with the design peak velocity of 50
ft/sec.* The predicted breakthrough elevation is 17.4 feet above
the inictia! pool surface. This elevation is much higher than the
breakthrough elevation which would be expected for the GLXS vent
submergence based on test data. This increase in breakthrough
height occurs because the slug thins wmore slowly than
prototypically in the 2-D SOLAVOl results.

*  The expected peak velocity is aspproximately 40 ft/sec because
PSTF test data show condensation has a 207 effect cn peak
velocity (Reference 4),
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To determine the effect of the encroachments, the same drywell and
vetwell pressure histories were input into the modified SOLAVOI
( code with the CCNS TIP platform moleled. Since SOLA is a 2-D code,
the implici{t assumption is that the encroachment covers a 360° arc
and the bubble pressure accerdingly remains unrealistically high.

This case wvas ured to Jdetercine when the bubbles coalesce
circumferentiallv. The assumption is nmade that the bubble expands
circumferentially and radially at the same rate. Using this
criterion, adjacent bubbles would be expected to come Ctogether
approximately C.17 seconds following vent clearing, or about |
second into the transient. This neglects the fact that the higher
bubble pressure under the encroachment would create additional
circumferential expansion, causing the actual coalescence to occur
even earlier. The encrosched bubble pressure following coalescence
vas then ramped down to the clean pool bubb.e pressure in the time
it takes for the acoustic wave to cake two round trips between the
encroached bubble and free bubble (t =0.047 sec). From 1.047 sec
into the transient, the clean-case bubble pressure was used to
drive the water slug. After breakthrough (t = 1.275 sec), the
bubble pressure 1is ramped .to the wetwell airspace pressure in
spproximately 0.2 sec. The bubble pressure history calculated
assuming a 360" encroachment is shcwn in Figure 1-12. The final
e bubble pressure history used in the CONS encroachad-case is shown
e Pt 1003 S s

o320 The _pool elevation profiles and pool velocities for the GONS
=" 'dncroached pool simulation are presented in Figure 1=14. The peak
ewvy, pool surface velocity is 31 ft/sec, only 62X of the clean pool
%% > - yalocity. Taking credit for a 20X condensation effect would
S I indicate a maximum encrosched pool velocity of around 25 ft/sec.
Breakthrough for this encroached case does not occur, because the
slug does not thin with the encroschment present. The maxisum rise
of the surface is about 23.5 feet, or to just below the bottom of
the GGNS grating. Two feet belov the grating, (vhere impact om
beams might occur) the peak velocity is only on the order of 10
ft/sec. When condensation effects on the pool swell transient
along with the other conservatisms identified under item 3 of this
action plan are considered, no impact on these beans should occur,

§ 19
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Pages 1-21 through 1-29

These pages represent General Electric Company Proprietary Figures 1-1
through 1-9, These figures have been previously provided to the NRC via
MP&L's October 22, 1982 submittal (Reference No. AECM-82/497).
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Figure 1-11
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Figure 1-14
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ATTACHMENT 1.3

AECM-82/574

Flow Science, Inc.'s Evaluation
Report on Modified SOLA-VOF CODE |

The results of Item 5 are attached. |
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Redeprane (505) 662- 2636

EVALUATION REPORT
on
MODIPIED SOLA-VOF CODE
Octodber 18, 1982

Por: Grand Gulf Nuclear Station Eumphrey Containment Concerns

Prepared by
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Subject: Grand Gulf Nuclear Station
Bunphrey Containment Concerns

Evaluation Report
on

Modified SOLA-VOF Code

Flov Science, Inc. has reviewed the findings presented in

the G.E. Design Review Report: Effecis of Local Encroachment on

Pool Swell, dated 9/24/82. At the request of Mississippi Powver &
Light Coupany, wve have jrepared the followving additional comments
concerning our evaluation of the Design Review Report and of the

applicability of SOLA-VOF to pool swel. phenomena.

1. Basic Capability of SOLA-VOF
The SOLA-VOF code has been used for a wide variety of fluid

dynamic applications. 1Its capability for solving incompressidle
flov problems with free surfaces has been demonstrated through
numerous comparisons with analytic and experimental data.
Documentation of these comparisons is given in the following
references:
a. !-Do ‘1Ch°1.. c.wo Bift, .nd n.s. nOtChkill. 'BOLA-VO’:
A Solution Algorithm for Transient Fluid Plow wvwith
Multiple Pree Boundaries,” Los Alamos Scientific
Laboratory report LA-8355 (1980) [see pp. 44-58 and pp.
'08’117].
b. C.¥. Birt and B.D. Nichols, “A Coiputntioncl Method for

Pree Surface Bydrodynamics," ASME Jour. Pressure Vessel
Technology, 105, 136 (1981).
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¢. B.D Nichols and C.¥W. Hirt, "Eydroelastic Phenomena in
Boiling Water Reactor Suppression Pools," Proc. S5th
International Conf. on Structural Mech. in Reactor
Tech., Berlin, W. Germany (1980).

d. B.D. Nichols and C.W. Hirt, "Numerical Simulation of BWPR
Vent Clearing Eydrodynamics,” Nuc. Sci. Eng., 73, 196
(1980).

e. C.¥W. HBirt, B.D. Nichols, and L.R. Stein, Electric Pover
Research Institute report NP-1856 (19815
Vol. 1: "Numerical Simulation of BWR Suppression Pool
Dynamics,"

Vol. 2: "Multidimensional Analysis for Pressure
Suppression Systems,"
Vol. 3: Studies of Bracing Influence on BWR Pool Swell
Dynacics." ;

References ¢ - e conctain the most relevant data comparisons

for pool svell phenomena.

2. Assumptions in SOLA-VOP
SOLA-VCF provides a numerical solution algorithm to the

Navier-Stokes egquations (mass and momentum conservation
equations). These equations assume incompressible vater and only
consider viscous stresses associated with a constant coefficient
of viscosity (i.e., no turbulence is included). There should de
no question of the suitability of the differential equations.
The Numerical Solution algorithm is based on a well established
finite-difference method that has been used and refined over e
period of 17 years (J.E. Welch, P.H. Earlow, J.P. Shannon, and
B.J. Daly, "The MAC Method,” Los Alamos Scientific Laboratory
report LA-3425, 1965).

The principal limitation in SOLA-VOF soluticns is that they
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cannot describe phenomena whose scales are less than the size of
the underlying finitc-difference grid. This, of course, is the
basic lizitation of any nuzerical solution method. For pool
svell phenomena this limitation has an important consequence
roiatod to-bubblc breakthrough times. Breakthrough is known to
be enhanced by small scale Taylor instabilities. For vater, the
dominant unstabdble vavelength is on the order of a centimeter,
vhich is far smaller than the smallest mesh cell used to model
the pool region. By not allowing this small scale penetration to
occur , the SOLA-VOF calculations will have delayed bubbdle
breakthrough times. Consequently, bubble pressures, which remain
above the wet well pressure until breakthrough, will accelerate
the pool surface to a higher velocity in the calculations than in
& real case. This, therefore; is a conservatism. Some of this
conservatism has been reduced in the G.E. calculations because
they include a model for breakthrough which ranpes the dubdble
presctures to the wet well pressure at a time determined from test
data. It shculd also be noted that three-dimensional bubbles
vill break through sooner than tvo-dimensional bubbles (see
below) so this too is = conservatism in the SOLA-VOPF

calculations.

3. Effect of 2D versus 3D Bubblev on Pool Swell
The tvo-dimensional, sxisymmetric bubbles modele? in JOLA-

VOF are slowver to break © rovgh pooi turfaces than spherical
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bubbles with the same pressure history. The reason for this is

evident from a simple 2D, cross-sectional picture of the two

/___ Pooll SURFALE \

M/f///// ///é// ﬁ

kol

2D CusE 3D CASE

In the 2D Case the top water layer will accelerate upward
uniformly (assuzing no variations normal to the page) and no
braakthrough will occur! In the 3D Case fluid vill be
accelerated most above the top of each bubble (vhere the fluid
layer is thinest). Pluid will also be pushed left and right
sbove each bubble center, allowing the bubbles to deform and push

through the surface as shown schezatically here:

Bubble penetration accelerates in time becsuse the amount of
vater to be accelerated above the bubble is continually reduced.
The net upvard fluid momentum will also be less in the 3D

1-40
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Case than the 2D Case because the horizontal area on which the
bubble pressure acts is less in the 3D Case.

Prom these examples it is clear that increasing the surface
curvatures cf bubdles will increase their ability to penetrate
tho.pool surface. Therefore, we see that butbles generated in
Mark III l&pprcllion pools by multiple inlet vents will more
readily penetrate the pool surface than an axisymmetric bubble at
the same pressure and located the same distance below the
surface.

By the same argunment, the distortion of an axisymmetric
bubdle by & limited encroachment vill induce local curvatures
that can lead to earlier breakthrough.

The influence of bubble pressure on pool surface velocity
can also de understood from the above picture. The vertical
velocity acceleration above the center of a budbble is primarily
the result of the local pressure gradient and gravity
accelerations. The average pressure gradient is the difference
in bubble pressure and wet well pressure divided by the thickness
©f the vater layer. Thus, higher bubble pressures (or smaller

vater layers) produce larger pressure gradients, hence, larger

upwvard accelerations.

4. Influence of Stean Condensation

By the last argument, any steam condensation that wvould

reduce bdubble pressures would also reduce the upwvard



accelerations, resulting in smaller pool swvell velocity.
Therefore, assuning equal mass flov rates through the vents, flow
vith some steanm versus a pure air flow will result in lower

bubble pressures and lower pool swell velocities.

2: Deflection uf Pool Surface by Encroachment

In csléulntions vith a 360° encroachment the pool surface is
significantly tilted from the horizontal with its outer edge
(i.e., at maximum radius) much higher. This feature is a direct
consequence of the deflection of the flow by the dottom of the
encroachment. Pluid trapped detween the bubbdle and the
encroachment is forced to move radially outvard as the bubbdle
grovs. This radial momentunm persists as the fluid rises and
causes the pool surface to tilt as observed.

6. General Electric Modifications to SOLA-VOF

A basic assumption used in G.E.'s modification of SOLA-VOF
is that budbble pressures are uniform within the dbudbdle. This

- assumption is acceptable when the fluid interfaces are moving at

speeds which are slow compared to the speed of sound in air.
Because wvater/air interface speeds in these problems are at worat
a fev tens of feet per second, this condition is satisfied by a
fair margin.

Not having to compute gas flows within bubbles is a great
eimplification, for then it i{s only necessary to follow the time
dependence of global bubble properties such as total gas mass and




total volume. G.E.'s impiementation of these global properties
is dased on standard gas dynamic relations connecting different
gas states. Their formulation based on pressure drop, stagnation
conditions. computed volume changes, and standard ideal gas
selations is logically correct. Ve have not reviewved the actual
pro;ranninj'qf these relations into the SOLA-VCF code. Also, ve
have not reviewed the prescribed dry wvell pressure history nor
the flow loss used at the vents.

The G.E. staff has performed extensive comparisons tetween
their modified co&c. SOLAVO1, and test data from 1/9, 1/3, and
full-area-scale test facilities. These data compariscns provided
an operational procedure for the scaling of code results with
data. That is, the code had to be run in rectangular geometry to
properly model vent clearing, and bubble volume corrections were
based on pool area ratios. There is no way to rigorously justify
these procedures, but the data comparisons are quite good and
provide confidence in the method for the type of problems

considered.

7. Sumzary
The weakest point in the G.E. study is still the point at

vhich bubbles are assumed to conlesce 8o that bubble pressures
can be ramped from the 360° encroached case to the case with no
encroachment. This was the one Open Item reported in the Design

Reviev Report. Bubble growth and coalescence is a strictly
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three-dimensional phenomena, which cannot be directly modeled
with SOLAVO1l, It is this feature that has required the
introduction of volume correction factors and other model
approximations. Under the two-dimensional limitations of the
SOLA-VOF'coae. the G.E. analysis has been well done. Extensive
data comparisons have been made with tests having no
encroachments that provide an operational procedure for how to
run and 1ﬁtcrpret SOLAVOl calculations. By combining the 360°
encroached and unencroached cases into a composite model G.E. has
constructed an approximation of pool swell behavior under actual
plant conditions. Bubble pressures are computed using the 3D
corrected bubble volumes (smaller volumes), but these pressures
are applied in the 2D bubbles. Both effects should enhance pool
swell vcloéitics (i.e., higher bubble pressures and a more
coherent water layer over the bubbles). Thus, these model
approximations give conservative estimates for pool swell,

It's somewhat harder to judge whether the bubble pressure
ramping procedure is conservative or not. Using the 360°
encroached case pressure out to t = 1.0s is conservative because
a higher prossuri generated under a limited encroachment will
tend to be relieved through azimuthal expansion. On the other
hand, the selection of 1.0s as the time to start ramping down the
pressure and the total ramp time of approximately 0.05s is an
engineering judgement for these parameters. The essunption is

that bubbles generated at Zifferent vents will coalesce at 1.0s

... -
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and thereafter have the same pressure. Near the encroachment,

however, higher pressures may slow bubble growth and coalescence.
Unfortunately, this flow region is strongly three-dimensional and
a priori estimates are difficult to make.

To 8O beyond the present model would necessitate fully
three-dimensional calculationms. Such  calculations would
eliminate the need to introduce 3D bubble volume corrections and
the need to select a time for ramping bubble pressures between

the full and unencroached cases.
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ATTACHMENT 1.4

This General Electric Company Proprietary document

"Mark~IJ1 Encroachments

Summary Report", November 1984 has been previously provided to the NRC via
the Containment Issues Owners Group submittal dated December 19, 1984

(Reference LAE-0G-133).



Action Plan 2

- 9

II.

III.

Iv.

Issues Addressed - Generic/Plant Specific

1.3 Additional submerged structure loads may be
applied to submerged structures near local
encroachments.

Program for Resolution

1R The results cbtained from the two-dimensional

analyses completed as part of the activities
for Action Plan 1 will be used to define
changes in fluid velocities in the suppression
pool which are created by local encroachments.
Supporting arguments to verify that the
results from two-dimensional analyses will be
bounding with respect to velocity changes in
the suppression pool will be provided.

r The new pool velocity profiles will be used to
calculate revised submerged structure loads
using the existing or modified submerged load
definition models.

J. The newly defined submerged structure loads
will be compared to the loads which were usead
as a design basis for equipment and structures
in the River Bend Station suppression pool.

Status*

Items 1, 2, and 3 are complete and the results are in-
cluded in this submittal.

Einal Program Results*
Item 1

Additional loadings may be applied to both submerged
Structures and the pool boundary due to the effect of
local encroachments.

Due to similarities in pool encrocachments between RBS
and GONS as indicated in Table 1 of Action Plan 1,
Item 6a, the results of GGNS analyses are applicable to
RBS.



Item 2

The results obtained from the two-dimensional SOLA
analysis indicated a maximum pool swell velocity of
31 ft/sec. This is enveloped by the 40 ft/sec drag
load velocity specified as the design basis for the
Grand Gulf Nuclear Station in the CLR and the RBS FSAR.

The RBS design basis for piping and structures above
the pool surface is 60/110 psi impact load, depending
on the structure shapes, followed by drag load based on
40 to 50 ft/sec pool swell velocities. The newly
defined pool swell velocities are enveloped by the
design basis. For piping and structure below the pool
surface, the load is bounded by the LOCA vent clearing
drag load.

Item 3

The pressure loadings on piping and structures above
the pool surface in the vicinity of the TIP platform as
4 result of encroachment eifects are enveloped by the
60/110 psi design impact load for piping/flat struc~-
tures respectively as identified in GESSAR II. For
Piping and str:ztures below the pool surface, the pres-
sure loadings produced as a result of the encroachment
are bounded by the LOCA vent clearing loads specified
as the design basis for the River Bend Nuclear Station
in GESSAR II.

Based on this response, this issue is considered closed
for RBS

*This revision replaces tha GSU submittal dated
April 1, 1983.

2-3



Pool Boundary Loads

The present load definition specifies the pool swell
boundary load on the drywell wall to be the peak
drywell pressure. Even with encroachments, this limit
will not be affected.

The pool boundary load definition on the containment
wall is 10 psid, based on PSTF full scale test data.
An evaluation was performed to address the concern that
the encroachment may increase the bubble pressure and
cause the bubble to be translated closer to the con-
tainment wall, which could result in increased loading.

Pressure on the containment wall is a direct output of
the SOLAVOl code. In the full scale PSTF geometry, the
containment wall is located 19 ft from the vent exit as
opposed to 20.5 ft for RBS. Since the River Bend pool
is wider, the 10 psid design load is extremely
conservative. The base case for evaluating the poten-
tial increase in pool boundary loads on the containment
wall was established as the GONS geometry with a 19-ft
pool width. The pressure loading curve on the contain-
ment wall was calculated and then normalized so that
the peak pressure corresponded to the design pressure
of 10 psid. The pressure loading curve was then recal-
culated for the GONS encroached case, and again nor-
malized to the design pressure. A comparison of the
base case and the design base case is presented in
Figure 2-1.

The encroachment causes the wall pressure to increase
by approximately 15 percent. This is, of course, only
a local loading increase in the vicinity of the
encroachment. This increase poses r> concern from a
design standpoint because the loading is of sufficient
duration (0.5 sec) to be considered a static load. The
15 percent increase over the 10 psid design value is
easily bounded by the 15 psid containment design
pressure. Thus, encroachments do not adversely affect
the boundary design loads.

The use of a 2-D code in this analysis is conservative
because the encroachment is assumed to cover 360°,
maximizing the wall loading. In addition, pressure
gradients will exist in the areas between the projec~
tions of the vents on the containment shell. This ef-
fect will not be seen in any two-dimensional analysis,
nor is it accounted for in the containment shell bubble
pressure load definition.
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Action Plan 3 - Plant Specific

II.

III.

Iv.

1.8 Impact loads on the HCU floor may be imparted
and the HCU modules may fail, which could
prevent successful scram if the bubble break-
through height is raised appreciably by local
encrocchments.

Program for Resolution

If the results from Action Plan 1 show that the bubble
breakthrough height is ncreased to the height of the
HCU floor, additional analyses will be performed to
determine the structurs. capabilities of the HCU floor
to withstand water s) .g impacts.

Status

Resolution is complete and results are included in this
submittal.

Final Program Results*

The SOLAVOl analyses and 1/10 scaled Mark III encroach-
ment test results obtained from Action Plan 1 demon-
strate that the pool swell for the encroached case will
not impact the HCU floor when the effects of steam con-
densation and a variety of other identified conser-
vatisms are included in the analysis. In addition, the
peak pool swell height is extremely dependent on
distance from the drywell wall. The maximum elevation
of 21.125 ft above the initial pool surface is only
reached by an extremely small fraction of the pool.
Therefore, no significant loading on the HCU floor will
occur as a result of the presence of local
encroachments. Therefore, GSU does not believe that an
evaluation of any new loads on the HCU floor is
warranted.

Based on this response, this issue is considered closed
for RBS.

*This revision replaces the GSU submittal dated
April 1, 1983.
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Action Plan 4 - Generic/Plant Specific

I.

II.

III.

Iv.

Issues Addresssd

1.6 Local encroachments or the steam tunnel may
cause the pool swell froth to move horizonally
and apply lateral loads to the gratings around
the HCU floor.

Program for Resolutiont*

1. A bounding analysis for determining the
horizontal ligquid and air flows created by the
presence of the steam tunnel and HCU floor
will be performed. The forces imposed on the
HCU floor supports and gratings will be cal-
culated from this information.

l.a. An assessment will be made of the potential
effects which variations in HCU floor support
arrangement and grating location may produce.
This assessment will result in the selection
of a bounding arrangement for defining lateral
loads.

3 Either it will be demonstrated that the af-
fected structures can withstand the lateral
loads, or required modifications will be
proposed.

Status

Items 1, la, and 2 are complete and results are in-
cluded in this submittal.

Final Program Results*

Item 1

A bounding, steady, potential flow analysis was per-
formed to determine the free jet flow field passing
through the HCU floor. This analysis assumed all the
rising fluid passed through the HCU floor open area
(i.e., no separation of liquid droplets following im-
pact on the solid portion of the HCU floor), and the
velocities of the liquid and gas phases weres equal.

This potential flow model was driven with the same con-
ditions used for calculation of the GONS plant unique
HCU floor differential pressure model. The HCU floor
differential pressure model is documented in
Reference 1 and assumes that the pool swell froth mix-
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ture impacts on the HCU floor, stagnates, and then
reaccelerated due to wetwell pressurization.

The analysis has demonstrated that horizontal loads on
the HCU floor are small and vary with location. For

beams, the horizontal source is a maximum of .85 psid.

For grating, the horizontal force is a maximum of

.24 psid. The details of the load definition are given
in Attachment 4.1.

The analysis which yields these results
conservative, due to the assumptions of steady flow,
equal pPhase velocities, and stagnation of liquid

droplets upon impact with solid portions of the HCU

floor. In reality, the flow is highly transient. Most
of the rising two-phase mixture is expected to impact
the solid floor, stagnate, and fall back to the pool
surface. Hence, the flow which actually passes through
the HCU floor will have total momentum substantially
less that the value determined with this analysis. The
calculated loads are thus exrected to be bounding.

item 2

RBS analyses show that the stresses due the horizontal
loads are a small fraction of the total stresses. When
the 0.24 psid load is applied to the grating, the
stresses induced in the grating can be considered
negligible.

Based on the above results, this issue is considered
closed for RBS with this submittal.

Reference

1. Bilanin, W. J., Mark III Containment Analytical Model,
NEDO-20533, Supplement 1, June 1974.

*This revision replaces the GSU submittal dated

April 1, 1983.
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ATTACHMENT 4.1

The River Bend-unique HCU floor horizontal beam load is
defined as:

AP = 0.85 lbf/sq. in
beam, max

This load was applied to the first major radial beam
(depth greater than or equal to 24 inches) under each
grating section. This load was also applied to minor
beams located closer to the concrete sections of floor
than the first major beam

The load on major beams was reduced as follows

a) The locad was reduced, linearly, fromAP‘hw"Eq_
zZero between the first major beam and the zero
shear plane. Th zZzero shear planes are
located at:

b= 66°

e

(All angles per azimuthal coordinate system on SWEC
Drawing No. 12210-ES-53D-7.)

b) For beams not directed radially outward from
the reactor centerline, the pressure was
reduced by:

APbeam = AP cosX

beam, Max

where & is the angle between that of the subject beam
and a radially outwerd line through the reactor
centerline.

In all cases, the direction of loading is from concrete
areas toward the zero shear plane

Since the flow was assumed to stagnate between beams
which extend below the HCU floor, there was no horizon-
tal loading under concrete areas.

The River Bend-unique HCU floor grating load was
defined as:

CBF’qratan = 0.24 lbf/sq in.

This load was to be applied uniformly to all vertical
surfaces of all grating components
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Action Plan § - Ceneric/Plant Specific

I. Issues Addressed

3:3 The annular regions between the safety relief
valve lines and the drywell wall pPenetration
sleeves may produce ~ondensation oscillation
(CO) frequencies near the drywell and contain-
ment wall structural resonance frequencies.

2.2 The potential Co and chugging loads produced
through the annular area between the SRVDL and
sleeve may apply unaccounted-for loads to the
SRVDL. Since the SRVDL is unsupported from
the quencher to the inside of the drywell
wall, this may result in failure of the line.

B3 The potential co and chugging loads produced
through the annular area between the SRVDL and
sleeve may apply unaccounted-for loads to the
Penetration sleeve. The loads may also be
Produced at or near the natural frequency of

the sleeve.
II. 2!2!!!!.!25.!!!21!&12&
1. The existing condensation data will be

reviewed to verify that no significant
frequency shifts have occurred. The data will
also be reviewed to confirm that the am-
plitudes were not closely related to acoustic
effects.

2. The driving conditions for CO at the SRVDL
exit will be calculated. Based on these
calculations, existing test data will be used
to estimate the frequency and bounding pres-
Sure amplitude of CO at the SRVDL annulus
exit,

3. A wide difference between the CO frequency and
structural resonances will be demonstrated.
The margin between the new loads and existing
loads will be quantified.

4. A detailed description of all hydrodynamic and
thermal loads that are imposed on the SRVDL
and SRVDL sleeve during LOCA blowdowns will be
pProvided.

S. Ensure that thermal loads created by steam
flow through the annulus have been accounted
for in the design.




ITI.

Iv.

6. State the external pressure loads that the
portion of the SRVDL enclosed by the sleeve
can withstand.

Fe Calculate the maximum lateral loads which
could be applied to the sleeve by phenomena
analogous to the Mark I and Mark II downcomer
lateral loads.

Status*

Items 1 through 7 are complete under a previous
submittal: however, some additional information has now
been added to Items 5, 6, aad 7 in this submittal.

Final Program Results*
Item 1

CO frequency shifts which occurred in the 1/9 area
scale PSTF data are discussed in some detail in
References 1 and 2. The unique size of the 1/9 scale
PSTF vent caused these freguency shifts to occur. Late
in the transient, the CO freguency content excited the
quarter standing wave (20-24 Hz) in the PSTF pool.
This caused the root mean square pressure amplitude to
increase by a factor of approximately 2. The amplitude
of oscillation is consequently related to acoustic ef-
fects only for the 1/9 area scale PSTF tests. Similar
acoustic effects were not observed in 1/3 area scale or
full scale tests.

The size of the SRVDL sleeve annulus is such that the
CO frequency is much higher than the frequency which
occurred in the 1/9 scale PSTF vent. The first fun-
damental freguency of sleeve CO is relatively close to
the three-guarter standing wave in the pool. However,
when standing waves have been detected in Mark III pool
tests, it is only the one-quarter standing waves which
have appeared. The conservative analysis performed un-
der ltem 2 of this action plan demonstrates that the
factor of 2 margin exists within the desigrn basis,
which should easily encompass any acoustic effects.

The frequency in the sleeve is expected to decrease
with time. Chugging should occur in the main venta ef~
fectively eliminating CO in the SRVDL-sleeve annulus
before the CO frequency can approach a frequency capa-
ble of exciting the pool guarter standing wave.
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ltem 2

A calculation of the steam mass flux at the SRVDL
sleeve discharge during a postulated LOCA shows the CO
can be expected to occur in the sleeve. The GESSAR II
CO load definition pressure time-history was modified
to include higher frequency components attributable to
CO in the SRVDL sleeve. A comparison of amplified
response spectra (ARS) of the CO pressure time-
histories, which included the contribution of the
sleeve with chugging and pool swell load definitions,
shows that the CO loads produced in the sleeve are
easily bounded by ~ther Mark III! load definitions.

R leeve St Mass Flux

The condensation mode (CO or chugging) is determined,
to a large extent, by the steam mass flux. Thus,
prediction of the condensation mode for discharges from
the SRVDL sleeve annulus requires an estimate of the
steam mass flux through the annulus. This estimate has
been made by considering the SRVDL sleeves and the top
row of main vents as parallel flow paths, each with a
different resistance to flow. Since the sleeve annuli
have a much smaller total area than the top vents, it
is logical to expect that the total flow through the
annuli will be small compared to the total vent flow.
For parallel flow paths, the ratioc of the mass fluxes
can be determined from:
_—

G o , kVMP
C‘vcm "\) K&!u‘n

where G is mass flux and K is a pressure loss
coefficient,

K= P/(,v¥/2 q)

Using the dimension of the Grand Gulf SRVDL or River
Bend SRVDL sleeves

G‘i!u:ﬂ is approximately equal to 0.8

N ‘ank

Since this ratic is relatively close to unity, CO will
occur in the sleeve during nearly the same time period
of a LOCA as it occurs in the vent. To illustrate
this, Figure 5-1 shows the vent and sleeve steam mass
flux time-history calculated with M3CPTO4 (Reference 3)
for a Grand Gulf DBA. Assuming that transition from CO
to chugging occurs near 10 lb/sq ft/sec, Figure 5-1
shows that generally the vent and sleeve will ex-
perience CO simultaneously.
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Lo s

Defining the Load on the Pool Boundary

The CO occurring in the SRVDL sleeve annuli is expected
to add a high-frequency component to the basic vent co
load definition. To evaluate the effect of SRVDL
sleeve CO, a modified CO pressure time-history was
developed by summing the individual components of the
main vent and SRVDL sleeve CO pressure histories. It
was assumed that the SRVDL sleeves behave as small
horizontal vents, allowing application of the Mark III
CO methodology.

No data on condensation in slanted annular geometry
currently exists. Theefore, a very conservative load
definition has been provided to bound these geometric
uncertainties. Reference 4 suggests that the wall
pressure amplitude varies as the ratio of vent area to
pool surface area. To account for uncertainties in the
condensation processes which might occur in the annular
SRVDL sleeve opening, the assumption was made that the
amplitude varies as the square root of the vent area to
pool area ratio. This assumption increases the SRVDL
sleeve CO amplitude by a factor of 4 over the result
contained in Reference 4. This large factor of conser-
vatism is used to assure that a bounding response is
obtained.

For additional conservatism, the maximum local CO am-
plitude will be considered to act azimuthally on the
entire pool boundary. Globally, the SRVDL sleeve CO
effect will be smaller since there are only 20 SRVDL
sleeves compared to the 45 sets of vents present.
Thus, an additional factor of approximately 2 exists
over the expected global response. It should be noted
that RBS has only 16 SRVDL sleeves and 43 vents per
trow. Therefore, GG's results envelop RBS.

A CO pressure time-history was calculated as:

LP(t) =2p (t) + AP (%)
vent sleeve

Where P (t) 1is the pool pressure time-history as
currently defined in the GESSAR II and using the best
correlation of Mark III CO frequency and amplitude test
data (Reference 5). The term AP Ziw2(t) represents
the expected pool pressure time-history resulting from
CO only in the sleeve. This term was calculated using
the same technigues and data correlations as P but
amplitude and frequency were modified by the scaling
assumptions previously described. The sleeve CO pres-~
sure time-history was determined to be:
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AP (t) = mgq
sleeve

{0.8 sin (2WT(t)f (t) )
S

+ 0.3 sin (4WT(t)f (t) )
s
+ 0.15 sin (6WZ(t)f (t) )

=
*+ 0.2 sin (BWT(L)f (t) ) 1}, psid
s

where:

ot Ps‘_..,,‘(t) = pressure amplitude contribution
of the SRVDL sleeve on the dry-
well wall

AMP (t) = peak-to-peak amplitude varia-
tion with time, psid

= [ Asuev 5.5 PP
‘\[ /A veser x(o .-’.‘r) "
4 (t) th x £ ( O.IT)

D vent Gy

s Oy, sleeve

= relative time within each
cycle, seconds

= time from initiation of
LOCA blowdown, seconds

PPA = CO amplitude correlation
on containment wall, psid

f = CO vent frequency
correlation

G = sleeve steam mass flux,
lb/sq ft/sec

a = vent air content, percent
T = bulk pool temperature, °F
D = hydraulic diameter

A = area

A portion of the resulting pressure time-history on the
drywell wall for Grand Gulf is shown in Figure 5-2
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(vent CC only) and Figure 5.3 (simultaneous vent and
sleeve CO).

Significance of the SRVDL Sleeve CO Load

-

The pressure time-histories of Figures 5«2 and 5-3 were
digitized and ARS plots were prepared. Peak broadening
of 15 percent was used, as in the GESSAR II CO load, to
account for uncertainty in the predicted frequencies.
The ARS resulting from th time-histories given in
Figures 5-2 and 5-3 are shown in Figures 5-4 and 5-5,
As evident from these plots, the SRVDL sleeve CO has no
impact belcw 30 Hz. Superimposed on Figure 5-5 is the
ARS of the ( ging lcad on the drywell wall
(Reference 6). ) frequency range of the sleeve CO
pressure, signal, tl chugging load is bounding by a
substantial margin, even though an unrealistically
large pressure due to the sleeve CO was utilized and
credit was not taken for attenuat n ©of the SRVDL
sleeve CO as distance away from the sleeve increases.

Figure 5-4 doces not correspond directly to the design
basis accident (DBA) ARS presented by GCrand Gulf in
support of the LOCA Licensing defense Due to
limitations in the existing code, a smaller number of
Cycles was used in Figure 5-4 to obtain the DBA CO peak
response at the low-frequency range than were used in
developing the DBA CO ARS. At the high-frequency
range, however, the number of cycles used is adequate
to reach the peak response and Figures 5-5 and 5-6
adequately represent the maximum amplitudes produced by
the high frequency components of the CO load

To determine the effect of the SRVDL sleeve CO on the
containment wall loading, the drywell composite CO
lcading was attenuated to the containment wall. The
resulting ARS is shown in Figure 5-6 As is evident
from this curve, the ARS of the pool swell containment
wall load definition bounds the combined effect of the
main vent CO and the SRVDL sleeve CO Note that the
global pool swell load is compared to the local SRVDL
CO load, 8¢ the additional factor )£ conservatism
previously discussed (on the order of 2) is present

In summary a bounding and extremely onservative
anailysis shows that the CO produced Dy the SRVDL sleeve
adds high frequency -omponents to the basic main vent
CO load definition This additional contribution is
bounded by other loads. Also, since tl response is
increased in only the high frequency range, the struc-
tural impact of this loading is very small.




tem 3

Based on analysis for the loading provided in
Figure 5-~3, the resulting increases in structural
forces and moments are nect significant and are en-
veloped by other LOCA cases.

Item 4

A detailed description of the hydrodynamic and thermal
loads on the SRVDL piping and the SRVDL sleeve during
LOCA blowdown is given below.

SRVDL Piping

3 Inertia loads caused by building excitation.
The loading cases include CO, chugging, and
pool swell.

- Drag loads on SRVDL Piping, quencher, and
quencher supports. The load cases include

LOCA vent clearing, LOCA bubble and pool
fallback, CO and chugging.

N Lateral load due to chugging.

4. LOCA caused by the drywell negative pressure
transient. The loading conditions include
weir impact and weir drag.

S. The thermal loads on the piping are based on
drywell and the suppression pool tenperature
during accident conditions.

R Sleev
Inertia loads caused by building excitation.
The load cases considered are pool swell, CO,
and chugging.
- Drag loads, including LOCA bubble, pool fall~-

back, CO, and chugging.

3. Thermal loads. The thermal loads imposed on
the sleeve from steam flow through the annulus
have been accourted for in the design.

Items S and 6

External drag loads due to the sleeve CO have been
generated for the DBA condition. Evaluation of this
new sleeve CO drag loads and the thermal loads created
by steamflow has been performed. Results showed that
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both the SRVDL and the penetration sleeve have suf-
ficient margin to accommodate the new loads. The
maximum external pressure loads which the safety relief
valve discharge lines (SKVDL) can withstand in the
region enclosed by the drywell penetration sleeve are
300 psi (Upset) and 450 psi (Faulted). These pressures
are orders of magnitude higher than maximum calculated
drywell pressure.

Item 7

Lateral loads on the SRVDL sleeve have been calculated
by scaling the Mark II downcomer lateral load data to
the outside diameter of the SRVDL sleeve. No credit is
taken for the presence of SRVDL in the bubble,
providing a very conservative loading. The maximum
lateral load is found to be 22 kips, distributeu over 1
to 4 feet from the sleeve exit. The piping and SRVDL
sleeves are qualified to this load.

References
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Action Plan 6 - Plant Specific

I. Issues Addressed

I3 The design of the STRIDE plant did not con-
sider veat clearing, CO, and chugging loads
which might be produced by the actuation of
the residual heat removal (RHR) heat exchanger
relief valves.

3.3 Discharge from the RHR relief valves may
produce bubble discharge or other submerged
structure lcads on equipment in the suppres-
sion pool.

3.7 The concerns related to the RHR heat exchanger
relief valve discharge lines should also be
addressed for all other relief lines that ex-
haust intc the pool.

II1. Program for Resolutiont

» The vent clearing and chugging loads produced
by the actuation of the RHR heat exchanger
relief valves will be calculated and compared
with the main steam SRV bubble loads.

The following information will be submitted for all
relief valves that discharge to the suppression pool.

& The piping draw’'ngs and piping and instrumen-
tation diagrams (P&IDs) showing line and
vacuum breaker locations will be provided.
This information will include the following:

. The geometry (diameter, routing, height
above the suppression pool, etc) of the
pipeline from immediately downstream of
the relief valve up to the line exit.

. The maximum and minimum expected sub-
mergence of the discharge line exit below
the pool surface.

. Any lines equipped with load-mitigating
devices (e.g., spargers or guenchers).

The range of flow rates and character of fluid
(i.e., air, water, steam) that is discharged
through the line and the plant conditions
(e.g., pool temperatures) when discharges oc-
cur will be defined.
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III.

Iv.

4. The sizing and performance characteristics
(including make, model, size, opening
characteristics, and flow characteristics) of
any vacuum breakers provided for relief valve
discharge lines will be noted.

8. The potential for oscillatory operation of the
relief valves in any qivon discharge line will
be discussed.

6. The potential for the failure of any relief
valve to reseat following initial eor sub-
sequent opening will be evaluated.

Fa The location of all components and piping in
the vicinity of the discharge line exit and
the design bases will be provided.

8. The CO load resulting from the RHR heat ex-
changer relief valve actuation will be cal-
culated and compared with the SRV bubble and
LOCA hydrodynamic loads.

Status*

Items 1 through 8 are considered complete with this
submittal.

Final Results*

Analysis was performed for the RHR heat exchanger
relief valve actuation line. It was found that the
vent clearing load produced by the actuation of the RHR
heat exchanger relief valves has been calculated
without considering the steam venting effect of the
noncondensible vent. The peak boundary pressure was
found to be 8.93 psid on the wall and 2.4 psid on the
basemat; the peak negative pressure on the wall is
-3.53 psia. These values are considerably lower than
the RBS SRV design load of 16.56 psid and -7.41 psid.
Furthermore, the RHR bubble load fregquency is about
7.5 Hz, which is enveloped by the SRV bubble load
design frequency of 5 to 12 Hz. Thus the vent clearing
load due to RHR heat exchanger relief wvalve discharge
is not a concern for the RBS containment.

The mijcrity of the information described in Items 2
through 7 is included in the attached tables and the
attached FSAR Figures 5.4-12, 6.3-1, and 6.3-4; piping
Drawing Nos. 12210-EP-71A, 71F, 83A, and 13A; and valve
Drawing No. 12210-0228.213-058-001G. The minimum and
maximum suppression pocl levels are 89 feet-6 inches
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and 90 feet-0 inches, respectively. None of the relief
valve discharge lines have a load-mitigating device.

When the RHR pressure control valves E12*PVFOS51A and B
begin to cycle in an undefined manner, the RHR heat ex-
changer relief valves experience cyclic behaviour.
However, the vent valves which pressurize this relief
valve discharge line in the steam-condensing mode de-
press the water leg out of the piping. Additionally,
since the most rapid travel time for the RHR pressure
control valve is 10.5 seconds as a result of the valve
design, any postulated oscillation would be quite slow.

There is also a possibility that the RHR heat exchanger
relief valve may fail open during RHR system operation
or that the relief valve may fail to reseat following
normal actuation. The water hammer analyses performed
for Action Plan &, Program for Resolution, Item 2 will
bound all conditions associated with the postulated
failure of any relief valves discharging to the sup-
pression pool.

Drawing No. EP-71A shows components in the vicinity of
the RHR heat exchanger relief valve discharges. The
loads produced by discharge from these relief valves
will bound all postulated loads which could be produced
by other relief valves discharging to the suppression
pool, including the LPCS relief valves which discharge
through these lines. The GE design criteria for the
HPCS and LPCS strainers, given in the HPCS and LPCS
design specifications, require them to be located at
least 8 feet from the discharge of the main steam
safety relief valve ram's head. In RBS design, only
one component (high-pressure core spray strainer
1CSH*STR1) is less than 8 ft (3 ft 7 in) away from the
discharge point. While River Bend does not use a ram's
head on the main steam safety relief valves, this
criteria is applicable to the RHR relief valves since
the ram's head configuration, an open-ended pipe, is
similar to the RHR relief valve discharge lines. Since
the flow from the RHR heat exchanger relief valves is
much less than the main steam safety relief valves, the
present design is acceptable. Drawing No. EP-83A shows
that the flow from valves of components in the vicinity
of the HPCS relief valves is low, and submerged struc-
ture loads are negligible. A tee has been installed at
the end of each RHR relief valve discharge line. These
tees are aligned and oriented such that no structures
will be impacted by the vent cleaning jets. The in-
duced drag loads are alsc bounded by LOCA and SRV
loads.
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RBS has participated in a generic Mark III containment
evaluation program for the RHR-induced condensation
escillation (RHRCO). The RBS RHRCO load was calculated
and is found to be bounded by SRV loads. Comparison
was made between the RHRCO and the SRV load definition.
It is found that the maximum positive pressure due to a
single SRV actuation exceeds that due to RHRCO, except
in a small region on the containment in the neigh-
borhood of the RHR discharge point and that the ac-
tuation of all SRVs produces a peak positive pressure
that exceeds the maximum positive pressure generated by
RHRCO. Thus, it is concluded that RHRCO load 1is
bounded by the design basis SRV load specification.

*This revision replaces the GSU submittal dated April 1, 1983.
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Yalve

E12-P055)

E12-P0558

1EHS*RVIA

1RES*RV3B

E12-F025A

E12-20258

E12-P025C

E12-P005

E12-P036

EV2-P017a

E12-P0178

E12-P101

TABLE 6-1

ECCS Belief Valve Dischacges iato Suppression Pool - Desigm Conditiops

Size

Lalo W0, __Systes = (Ip.)

4x6

4x6

T 1/2x2

1 /2x2

v wax2

/zexd

6x8

EVL 3

Izsax

/81

Relief

Flow

——

1.3x108

1.3x10%

1.3x%0%

1.3x10%

8.97x104

§.97x10¢

4.97x10+

6.75x102

7.38x108

6.75z10+

6.75x10¢

7.5x210¢

Set
Press,

500

S00

4as

485

500

500

500

200

75

200

200

150

6-5

B/
Discharge Function Inlet Dis- Hinimus
Line (Component Relief Tewp. charged Subsergeance
-—-Namber _______ protected) Sode 120 Plujd (£8)

1RHS-012~ KHR HIX A Stean 480 Steans S V2
148-2 Condens-

ing
1RHS-012- BHR HX B Steanm 480 Stean S 12
145-2 Condens-

ing
1RES-012~ RHR HI A Stean 480 Steas S W2
148-2 Coadens~

ing
1RHES-012~ RHR HI B Stean 880 Steas S w2
1845-2 Condens-

ing
1RES~-012~ RER Pasp 2 Surveil- 358 Stean 5 /2
188-2 Pisch. lance

Test
1RAS -0 12~ RAR Pump B Sacrveil- 3158 Stean 5 2
145-2 Disch. lance

Test
1RES-012~ RHR Pump C Surveil- 358 Stean 5 W2
1845-2 DPisch. lance

Test
1RES-012~ FHR Shutdown Shotdowa 358 Stean S w2
148-2 Suc. Cooling
1RAES-012~ FHR Shutdown Stean 140 ¥ater S V2
148-2 Disch. Condens-

ing
1RHS-012~ RAR Pamp A Systea 358 Steans 5 W2
1482 Suc. Staadby
TRES~-012~ EHR Pump B Systea 358 Steas S w2
1852 Suc. Standby
TIRAS~0 12~ RHER Pump C Systea 212 Stean S w2
145-2 Sac. Standby




1)¥ot an ECCS relief valve
2)This lige is equipped with a sparger (1440 1,2 ia. diameter holes)

TABLE 6-1 (Cowrm)

Relief Set Discharge
Yalve Size Flow Press. Line
M“---M-_J&l__m--m Number
E12-P030 RHR 3/ax 6.75x10% 200 1RHS~012~
145-2
E21-P018 LPCS 1 V/2x2 5.01x10¢ 570 1RHS~0 12~
148-2
E21-ron LPCS 1 /222 5.01x10% 100 1RES -0 12~ -
188-2
222-F0 14 apcs I/ext 9.02x10* 100 1ICHS -0 10~
18-2
B22-r035 BPCS 376x1 Thermal 1560 ICAS~0 10~
R/Y 18-2
B22-P039 HPCS Izex Thermal 1560 1CHS-0 10~
| V4 ) 18-2
CLIRCIC RCIC - 302x10+ - C2)1ICS-012~
Turbine 52-2

B/Y
Function Inlet Dis- Ninisus
(Coaponent Belief Tesp. charged Submergence
-REotected) 9n Fleid (£8)

RER Plushing Thersal 212 Steas S 2
HO® RSy
LPCS Pump Accident 185 Vater 5 172
Disch. Comdi-

tioning
LPCS Pump Systen 185 Vater S /2
Sac. Isola-

tiom
APCS Pump Systea 185 Water 12 12
Suc. Stapd-

by
HECS Pump Accident 185 Vater 12 1,2
Disch. Coadi-

tions
Test Line R/V Thersal 185 Vater 12 172

Y
Tarbine - 250 Steas 8 V2
Exbhaust



TABLE 6-2

Vacuum Breaker Data

Velan 3/4-In. Spring-Loaded Piston Check Valve
(Drawing No. 0228.213-058-001G)

Disc area - 0.3068 sg in.

Flow area - 0.3068 sq in.

Full open flow coefficient - Cv = 3.2
Maximum disc travel - Approximately 1/4 in.

Valve Mark Nos. E12*VF103A, B, E12*VF104A, B
Function -~ RHR Relief Valve Discharge Line Vacuum Breakers




T .3LE 6-3

Components and Piping in the Vicinity of
the Discharge Line Exit

Centerline Coordinates

Minimum

X Y 2 Distance
1RHS-012-148-2
Discharge 40" - 82"'- 40' - -
point 7 7/8" 2> 7 7/8"
1CSL*STR1(J~-) 44" - 76" - 36'- 9'-

11 9/16" 6 172" 4 15/16" 7 1/4"
1RHS* 40'- 7='» 35'- 9'-
PSR3013 3 3/4" 4 3/4" 10 1/3" 9 3/8"
1RHS-020-56-2 38'- 73'- 38'- 10'~

10 9/16" 4 3/4" 10 9/16" 1 1/16"
1T23*G024s 30'- 75'- 32'- 11'-

10 5,8" 7 2/3" 0 7716" 7 1/8"
1RHS-012-145-2

Discharge 40' - 82'- -40"'- -
point 7 7/8" b Loy 7 /8"
1RHS-020-1-2 40"~ 73'- ~-40'- 9'-

7 7/8" 4 3/4" 7 7/8" 9 1/4"
1T23*G024L 35'- 75"'- -27'- 12'-

2 11716" 7 273" 2 3/8" 8"
1CSH*STR1(J-) 39'- 78" - 42" - 2%,

5 /2% g 3 3/4" 8 3/4"

1CSH-010-18-2

Discharge 49'- 77"' - ~-30'- -
point 3" o" S 9
1ICs-012-52-2 47' - 71'- -29'-~ 1'-
3 33" 3 172" 6 1/2" 11 1/3"
on up te
82'-
$.1/3%

1RHS-020-1-2 47'- 73'- ~29'- 3'-

8" 4 3, " 4 3/4" 2 3/4"
6-8



TABLE 6-3

Centerline Coordinates

Minimum
X Y 2 Distance
1RHS*PSR3036 48"~ 73"~ -26"'~ 3'-
11 273" 4 3/4" 5 1/2" 5 172"
1ICS*PSR3001 47' - 75'- -29'- 2'-

3 173" 3 3/4" 6 1/2" 7 1/3"
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Action Plan 7 - Plant Specific

e Issues Addressed

= B The STRIDE design provided only 9 inches of
submergence above the RHR heat exchanger
relief valve discharge lines at low suppres-
sion pool levels.

I1. Program for Resolution

The Humboldt Bay pressure suppression test data demon-
strated the relationship of discharge submergence on
condensation effectiveness. An evaluation based on
this data will be submitted showing that the maximum
discharge from the relief valves can be quenched under
all possible submergence conditions.

III. Status*
Item 1 is complete and included in this submittal.

IV. Final Program Results*

Figure 7-1 shows condensation effectiveness data ob-
tained during the Humboldt Bay pressure suppression
tests (Reference 1). These tests investigated conden-
sation effectiveness at vent submergences from 12
to 3 feet (i.e., 3-foot clearance between the discharge
of the 1l4-inch diameter vertical vent and the pool
surfrce) at vent steam mass fluxes of 50 to
250 1bm/sqg ft sec. This mass flux considerably exceeds
the mass flux of 92 lbm/sq ft sec associated with the
River Bend Station RHR heat exchanger relief valve
discharges. Also, the RBS RHR heat exchanger relief
valve discharge lines are equipped with tees that are
expected to provide more effective condensation due to
more entrainment than a straight pipe which was used in
the Humboldt Bay pressure suppression tests.

Condensation effectiveness is characterized by com-
paring the measured and calculated pressure in the sup-
pression chamber air space. The calculated suppression
chamber air space pressure is based on the assumption
of complete condensation of steam in the pool; i.e., if
the steam actually escapes to the air space without
being condensed, thLe measured suppression chamber air
space pressure would be much higher than the calculated

value. The figure shows that nearly complete conden-
sation of the steam still occurs when the vent exit is
2 feet above the water surface. Steam bypass 1is

evident in the case of 3-foot clearance.

7=1



The River Bend Station design provides approximately
4 ft of suppression pool water above the RHR relief
valve discharge lines after the pool level has been
drawn down by ECCS operation and the pool water floods
the drywell to the top of the weir wall. The normal
minimum submergence is 7 ft 4 in.

Since the minimum submergence of the RHR discharge is
approximately 4 ft, complete condensation is assured
for River Bend Station.

Reference
; C.H. Robbins, Tests of a Full Scale 1/48 Seg-

ment of the Humboldt Bay Pressure Suppression
Containment, GEAP 3596, November 1960.

*This revision replaces the GSU submittal dated An»ril 1, 1983.
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MEASURED (psig)

15

14

13

12

11

10

HUMBOLDT BAY PRESSURE SUPPRISSION
TEST MAXIMUM SUPPRESSION CHAMBER
PRESSURE COMPARISON (Plotted from Ref. 1)

OpOoen

VENT SUBMERGENCE

12.4 fc
6.0 ft
—0. 5 tt

-2.0 ft
"J'O ’t

CALCULATED (psig)

Figure 7-1
7-3

10

11



Action Plan 8 - Plant Specific

I.

II.

III.

Issues Addressed

3.4

The RHR heat exchanger relief valve discharge
lines are provided with vacuum breakers to
prevent negative pressure in the lines when
discharging steam is condensed in the pool.
If the valves experience repeated actuation,
the vacuum breaker sizing may not be adeguate
to prevent drawing slugs of water back through
the discharge piping. These slugs of water
may apply impact loads to the relief valve or
be discharged back into the pool at the next
relief valve actuation and apply impact loads
to submerged structures.

The RHR relief valves must be capable of cor-
rectly functioning following an upper pool
dump, which may increase the suppression pool
level as much as 5 f¢t, creating higher back
pressures on the relief valves.

Program for Resolutiont

>

Status*

Items 1

An analysis will be performed to determine if
a water s.ug from the suppression pool is
drawn into the RHR heat exchanger relief valve
discharz» line.

If the analysis shows that water is drawn up
from the suppression pocl, water slug loads on
relief valve piping and submerged structures
will be determined and appropriate design
modifications implemented if necessary.

The River Bend Station design does not incor-

porate an upper pool dump. Hence, 1Issue 3.5
is not applicable.

through 3 are complete and included with this

subrittal.




Final Program Results*

A reflood analysis has been performed to determine the

water leg rise in the RHR heat exchanger relief valve

discharge line and a subsequent relief valve actuation

analysis was performed. The analysis shows that the

resulting maximum reflood water elevation is 106.2 ft.

The relief valve is at elevation 118.75 ft and there is

adequate margin to preclude reflood water from reaching

the relief valves. The water clearing loads have been

calculated for the relief valve discharge line itself
|

and the adjacent submerged structures. RBS has no
structure 1in the direct jet paths. The induced drag
loads affect only a few adjacent structures. Piping

and support evaluations for these structures were made
and the structures were found to have sufficient design
margin to accommodate these loads.

The rcflood model developed in the Mark I and Mark Il
progran (Reference 1) was used to calculate the water
rise in the RHR heat exchanger relief valve discharge ‘
line. Following valve closure, the steam/water inter- |
fate heat transfer coefficient wused in the reflood ‘
analyses was scaled from vertical vent flow test data. |
SWEC computer code "STEHAM" (FSAR Appendix 3A) was used |
to calculate dynamic load on piping due to subsequent
relief valve actuation. Subsequent actuation was
postulated to occur at the maximum reflood level to
determine the worst scenario load.
|
|
\

Reference 1: Wheeler, A. J.; Dougherty, D. A., "Analy-
tical Model for Computing Water Rise in
Safety Relief Valve Discharge Line
Following Valve Closure”. GE Document
No. NEDE-23898-P, October 1978

Based on the above results, this issue is considered
closed for RBS with this submittal.

*This revision replaces the GSU submittal dated April 1, 1983.
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Action Plan 9 - Generic

1. Issues Addressed

3.6 If the RHR heat exchanger relief valves dis-
charge steam to the upper levels of the sup-
pression pool following a design basis

S
accident, they will significantly aggravate
suppression pool temperature stratification.

I1. Program for Resolution*

9 The maximum quantity of energy which can be
adde2 tc the suppression pool will be
guantified. This will be based upon operator

action to terminate relief valve discharge
following discovery by the operator that the
- relief valve has actuated. This will inc
pY an evaluation of all scenarios which could
3 lead to discharge from these relief valves.

e 2. The discharge plume from the relief valves
= will be investigated. This plume will esta-
i blish the maximum area of the pool which can
be affected.

I1l. Status

Ui

jtems 1 and 2 are complete and included 1in thi §
submittal. ?

IV. FEinal Program Results* e
Item 1

The maximum guantity of energy which could be added to
the suppression pool assuming that the pressure control
valve fails full open, that all steam flowing through
the control valve exits through the relief valve prior
to reaching the heat exchanger, and that no heat is :
removed from flow into the heat exchanger, is ap-

proximately 1.06 x 107 Btu. This gquantity of energy

added to the suppression pool is limited to a discharge

from the relief valve lasting for 2 minutes prior to

termination of the event by operator action.

The maximum discharge time of 2 minutes for the relief

valve befrre the operator terminates the event is based ;
upon multiple seqguences of control operation required :
prior to placing the steam condensing mode in service. b
Initiation of the RHR steam condensing mode is highly 4
operator intensive and requires essentially continuous ¥
monitoring of heat exchanger presnsure, temperature, and g

9-1 3




water levels. The implementation of stable steam con-
densing operation normally requires a minimum of
30 minutes following initiation.

The operator must continuously monitor key variables,
such as heat exchanger pressure, temperature, and water
level, following actuation of the steam condensing
mode. If the operator encounters situations in which
important heat exchanger parameters, such as pressure,
cannot be effectively controlled, i.e., the pressure
control valve fails open, the operator will promptly
close the steam supply block valve. A high temperature
alarm downstream of the pressure control valve is set
to alarm on reaching a temperature, corresponding to
saturation at a pressu.e slightly higher than 200 psig,
the upper end of the prescribed control range. This
alarm will alert the operator that the control valve
has failed. The operator will immediately isoclate the
steam supply to the heat exchanger within 1 minute of
receipt of the alarm. The steam supply block valve
will be fully closed within approximately 2 minutes of
receipt of alarm.

The maximum gquantity of energy postulated to be added
to the suppression pool 1is gquite conservative. The
value of energy calculated is based upon full flow in-
stead of partial flow through the relief valve for
2 minutes. In addition, the assumption that no energy
is transferred out of the steam flowing to the heat ex-
changer is extremely conservative.

Item 2

* suppression pool mixing and stratification model has
beer. developed to provide a conservative estimate of
the suppression pool thermal response to continuous
discharge of steam through the residual heat removal
system heat exchanger relief valve. The worst case
event evaluated with this model postulates a failure of
the pressure control during steam condensing mode
startup such that none of the steam flowing to the heat
exchanger is condensed. A continuous discharge of
266,000 lbm/hr steam has been evaluated. The maximum
choked flow for RBS which can be passed through the
failed open pressure control valve is 2.6 x 10* lbm/hr.

The flow from the fully open relief valve exceeds the
flow from the pressure control valve. Consequently,
following actuation of the relief valve, the RHR heat
exchanger and piping system will be depressurized below
the pressure at which the relief valve closes. After

9-2



relief valve closes, the system will repressurize to
the setpoint of the relief valve which will cause the
valve to reopen. Consideration of discharge from the
relief valve as continuous is therefore very
conservative. The on/off charging of the pool will
produce more mixing than would be accompiished by a
steady uniform jet.

The length of the steam plume below the discharge line
exit is slightly more than 3 feet based upon the known
mass flux of the jet and the methodology contained in
Reference 1. The steam jet momentum calculated for the
given conditions is 1.35 x 10® lbm ft/sec?. For a hot
water jet with the same momentum, the following
properties can be calculated from Reference 2 assuming
a turbulent jet discharging intoc an infinite pool. The
properties below are calculated at a location of
1.75 feet above the bottom of the pool at the center of
the discharge pipe exit.

Jet half width = approximately 1.02 ft
Centerline velocity = 28.6 ft/sec
Total jet flow = 14,156 lbm/sec

The postulated flow configuration is shown in
Figure 9-1. Based upon the parameters calculated for
an infinite pool, the appropriate parameters for the
jet discharge in the finite suppression pool can be
estimated.

A drawing showing the nodalization used for evaluating
the discharge from the jet is shown in Figure 9-2. &
Jet plume node (jet node) is located within a local
sector of the pool defined as the mixing node. The
entrainment into the jet is assumed to be the same as
for a free field jet between the discharge pipe exit
and 1.75 feet froem the pool bottom. Flow which is
entrained into the jet will come from and be returned
to the mixing node. The only flow leaving the mixing
node will be the inlet jet flow minus the amount the
mixing node grows due to an increase in pool depth as a
result of jet flow addition. Flow from the mixing node
will enter a series of surface nodes which will stretch
around the pool. Because of the symmetry of the pool,
only half of the pool is modeled.

The mixing node consists of an 18~-deg sector of the
pool (which corresponds to a 36 deg sector in the full

pool). The volume of the mixing node is approximately
12,554 cu ft in the pool, or about 10 percent of the
pool volume. Based upon the entrained flow for the

circular jet in an infinite pool which was calculated
above, the entire volume of the mixing node will be

9-3




entrained and mixed thrcough the jet plume every
56 seconds. The mixing node is assumed to be isolated
from the rest of the pool, and no flow is entrained by
the jet from the remainder of the pool. This
represents a significant conservatism in the analysis.

The model considers convective heat transfer from the
mixing node to the wetwell air space and conductive
heat transfer from the mixing node is assumed to pass
into adjacent surface nodes so that the lower regions
of the pool are effective.y excluded from the analysis
with the exception of conductive heat transfer.

The predictions for jet node exit temperature and
mixing node temperature as functions of time are shown
in Figure 9-3. The mixing node temperature represent:
the local pool temperature surrounding the jet
discharge. During the initial part of the transient,
the mixing node temperature rise is not quite linear,
but the rise is approximately 5.6°F per minute. The
mixing node temperature follows the jet node exit
temperature within S5°F for the selected mixing node as
10 percent of the total pool volume.

Figure 9-4 shows the predicted pool surface temperature
stratification profiles. The stratitication profiles
are only important in terms of their effect on the
average pool surface temperature, since the containment
air space temperature will only be affected by the
average pool surface temperature. The average pool
surface temperature rise at the end of 12 minutes will
be about 13°F. For a fixed volume and fixed air mass
above the pool surface, this temperature rise could at
most increase the wetwell air space pressure by about
2 percent, which is clearly inconsequential.

The sensitivity of the predicted results to changes in
key assumptions was evaluated as part of the study.
Parameters investigated include volume of the mixing
node, jet entrainment flow, surface node thickness, and
heat transfer from mixing and surface nodes. Table 9-1
summzrizes the results of this sensitivity study.

As an example of how Table 9-1 should be interpreted,
the mcdel predicts a mixing volume temperature rise of
about 70°F in 12 minutes. If the mixing volume were
doubled, about a 50 percent decrease in the temperature
rise could be expected, or about a 35°F rise over the
same interval. Similarly, if we double the thickness
of the surface nodes, the resulting temperature
stratification profile would be reduced on average by
abocut 20 percent near the mixing node and falling off
more quickly moving away from the mixing node.
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It is also interesting to observe that the jet
entrainment flow has little effect on the mixing volume

temperature. This results from the small mixing node
volume and the high volumetric flow rate through the
jet node. This sensitivity would chang. for a larger

mixing node volume.

The most significant result from the model sensitivity
studies is the confirmation that the size of t e mixing
node volume 1s the Kkey parameter in the temperature
predictions by the model. For the results shown in
Figures 9-3 and 9-4, a mixing node volume was chosen
such that the jet will mix the liquid inventory of the
mixing node volume through the jet about once every
minute. To demonstrate the effect of increasing this
mixing volume size, Figure 9-5 shows the mixing node
temperature history for various mixing node volume
sizes. As this figure demonstrates, the mixing node
temperature comes down rapidly as more of the pool
becomes involved. It seems likely that as the RHR heat
exchanger relief valve cycles open and close, the
turbulence produced by the starting and stopping of the
steam jet will create sufficient mixing to involve a
large sector of the pool. However, solving this
complicated mixing problem would require a detailed
nodal analysis of the transient jet in the poul.

The simplified model wused in the present analysis is
intended to demonstrate with suitably conservative
model assumptions that, if the pressure control valve
in the RHR heat exchangers system should fail, the
operator would have several minutes to detect the
overpressure in the RHR heat exchanger and take action
before there would be sufficient pool heatup to produce
conditions in the pool which could lead to unstable
condensation. For a more detailed discussion of the
analysis, see Reference 3.

Each RBS RHR heat exchanger relief valve discharge line
is equipped with a tee at the discharge end. The tee
divides the discharge into two smaller jets and
increases the mixing node volume. Since increasing the
mixing node volume decreases the temperatu.re as shown
in Table 9-1, the results presented herein are
conservative and bounding for the present RBS design.

Based on the above results, this issue is considered
closed for RBS with this submittal.
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*These revised program results replace tne GSU-submitted
results dated April 1, 1983.
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Table 9-1

Model Input Sensitivity

Input Parameter % Changed
Mixing Node Volume +10

Jet Entrainment Flow 10
Surface Node Thickness doubled
Heat Transfer From set to Zero
Mixing and Surface

Nodes

%(Tmix =To )
-1C
0
0

~0

%(Tn=-Tp)
0.01
0

-20 near
mixing node
increasing
to a higher
percentage
far away

0
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FIGURE 9-1
JET FROM RHR RELIEF VALVE DISCHARGE




FIGURE 9-2
ISOMETRIC SKETCH OF JET DISCHARGE MODEL
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Action Plan 10 - Plant Specific

Issues Addressed

3.

I1.

Iv.

4.1 The present containment response analyses for
drywell break accidents assume that the ECCS
systems transfer a significant quantity of
water from the suppression pool to the lower
regions of the drywell through the break.
This results in a pool in the drywell which is
essentially isolated from the suppression pool
at a temperature of approximately 135°F. The
containment respcnse analysis assumes that the
drywell pool is thoroughly mixed with the
suppression pool. If the inventory in the
drywell is assumed to be isolated and the
remainder of the heat is discharged to the
suppression pool, an increase in bulk pool
temperature of 10°F may occur.

Program for Resolution

A calculation will be made that assumes that the
drywell pool is isclated after the blowdown fills up to
the top of the weir wall and that the remainder of the
blowdown is added to the suppression pool.

Status

Item 1 is complete and results are included in this
submittal.

Final Program Results*

GSU's River Bend FSAR analyses for large breaks in the
drywell were conducted using the SWEC proprietary
computer code LOCTVS. A general description of the
code 1is given in Attachment 10.1. The following
assumptions were made in the analyses for all pipe
breaks postulated to occur inside the drywell:

& The reactor is initially at 102 percent rated
power.

&> A double-ended guillotine pipe rupture occurs
instantaneously at time zero.

. Loss of offsite power occurs at time zero.
4. Single active failure of the Division Il diesel
generator minimizes the availability of engineered

safety feature (ESF) equipment for containment
heat removal.
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3. The maximum initial pool temperature is 100°F.

6. Conservatively low-heat transfer coefficients for
heat transfer to heat sinks in drywell and
containment are applied.

: Metal water reaction energy is incorporated.

8. Decay heat, coastdown energy, and pump heat are
absorbed by the coolant prior to release from the
break.

9. Break flow is assumed to be a frictionless Moody

critical flow after the initial inventory period.

The volume of the drywell pool is 20,353 cu ft to the
top of the weir wall. With all the above assumptions,
this volume is filled with water at an average
temperature of 231°F, approximately 432 seconds after
the LOCA. The formation of the drywell pool is due to
the condensation of steam in the drywell from removal
of heat by the passive heat sinks and ECCS water and
the accumulation of the unflashed portion of the
blowdown. Once the drywell pool is formed, any
additional water is assumed to overflow the weir wall
and enter into the suppression pool.

Drywell depressurization and reverse flow from the
suppression pool is predicted to start approximately at
764 seconds. After this time, the drywell is at a
negative pressure for the remainder of the transient as
shown in FSAR Figure 6.2-4 The peak suppression pool
temperature is 167.5°F at 17,203 seconds.

Considering the sources of the water which accumulates
on the drywell floor (i.e., unflashed reactor coolant
and heat sink condensate), there is no basis for
assuming a pool of water 1isclated at the initial
drywell temperature of 135°F. However, the increase in
peak suppression pool temperature resulting from
minimizing the temperature of the water isolated on the
drywell floor was evaluated with manual calculations
described in the following paragraphs.

The manual assessment was based on the LOCTVS results
discussed previously, and modified to reflect no water
storage on the drywell floor until drywell
depressurization and subsequent weir wall overflow at

764 seconds. Prior to this time, all unflashed
blowdown and heat sink condensate were added to the
containment pool. As shown in Attachment 10.2, the

addition of 20,353 cu ft of 231°F water to the
containment pool resulted in a containment pool
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temperature of 155.7°F at 764 seconds. This represents
the minimum temperature of the water which could be
isclated on the drywell floor for the remainder of the
analysis.

Assuming that the drywell negative pressure is relieved
at the time of peak suppression pool temperature
predicted by LOCTVS (17,203 sec) yields an upperbound
estimate of the increase in peak pool temperature
resulting from drywell floor water mixing with the
containment suppression pool. Excluding 20,353 cu ft
of water at 155.7°F, we calculate an increase in peak
suppression pocl temperature from 167.5°F to 181°F as
shown in Attachment 2.

The above analyses indicate that the suppression pool
temperature may increase by as much as 13.5°,
considering the drywell pool to be isolated at the
minimum temperature of 155.7°F. However, as shown
above, the peak suppression pool temperature does not
exceed the design value of 185°F.

Based on the above results, this issue is considered
closed for RBS with this submittal.

*These revised program results replace the GSU-submitted
results dated ~ ril 1, 1983.
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ATTACHMENT 10.1

Description of LOCTVS Computer Code

LOCTVS is a SWEC proprietary computer code that has BWR
Mark III containment system and phenomena simulation
capability. A schematic diagram of LOCTVS code modeling is
shown in Figure 10.1.

The code models the reactor coolant system, drywell,
containment, suppression pool, and vents. In addition, the
code includes models for the containment unit coolers, RHR
heat exchangers, dynamic vent clearing, and heat transfer
between the drywell and containment atmosphere to the
respective concrete and steel structures.
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ATTACHMENT 10.2

Supplemental Calculations for Resolution of Issue 4.1

If we assume all the unflashed blowdown mass and heat-sink
condensate is added to the suppression pool instead of
accumulating on the drywell floor, the temperature of the
suppression pool at 764 seconds would be as follows:

Tpool = (U, +Up+Uy) 432

(M +M, +My)
= 2.3349+8.8432+0.9701) 10° +32
(1.239664+7.734599+0.843568) 10°¢
= 155.7°F
Where
Tpool -~ Suppression Pool Temperature (°F)
M, - Mass of Water on DW Floor (lbm)
M; -~ Mass of Water in Suppression Pool (lbm)
M, -~ Mass of Water in the Annulus and Vents
(1lbm)
U, - Energy of Water on DW Floor (Btu)
U, - Energy of Water in Suppression Pool (Btu)
Us - Energy of Water in the Annulus and Vents
(Btu)

NOTE: Values of variables are taken from Table 1
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Drywell Pool at 155.7°F

If the operator relieves drywell negative pressure at the

time of peak suppression pool temperature, the water on
the drywell floor, except that which is assumed isolated
within the weir wall, would flow into the containment
suppression pool. Also, if we make the assumption that
the drywell floor water within che weir wall is isolated
at 1585.7°%r, the resulting peak suppression pool
temperature would be:

Tpool = (U +Up+U;) - V/v(155.7-32) +32

(M *Ma+M;) - V/v
20,353 (155.7-32)
= ‘7.5242*5-1235’1.6382 10* - 0.016374 +32
(5.554833*3.027529*1.209471) 10% - 20‘353
0.016374

= 181.1°F
Where:

V - Volume of water on drywell floor to the top of the
weir wall = 20,353 cu ft

v - Specific volume of water on drywell floor to the
top of the weir wall = 0.016374 cu ft/lbm

- & Drywell Pool at 135°F
If the drywell pool is assumed to be isolated at 135°F,
the resulting goak suppression pool temperature would be
equal to 184.1°F using the above equation.

. No Drywell Pool

If we assume no drywell pool is formed, the resulting peak
suppression pool temperature would be equal to 178°F.
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Action Plan 11 - Plant Specific

I.

II.

III.

Iv.

Issues Addressed

4.2 The existence of the drywell pool is
predicated upon continuous operation of the
ECCS. The current emergency procedure

guidelines require the operators to throttle
ECCS operation to maintain vessel level below
level 8. Consegquently, the drywell pool may
never be formed.

9.1 The current FSAR analysis is based upon
continuous injection of relatively cool ECCS
water into the drywell through a broken pipe
following a design basis accident. The EPCs
direct the operator to throttle ECCS operation
to maintain reactor vessel level at about
level 8. Thus, instead of releasing
relatively cool ECCS water, the break will be
releasing saturated steam, which might produce
higher containment pressurizations than
currently anticipated. Therefore, the drywell
air which would have been drawn back into the
drywell will remain in the containment, and
higher pressures will result in both the
containment and the drywell.

Program for Resolution

A calculation will be performed, demonstrating
that continuous addition of saturated steam to
the drywell, and the failure to form the
drywell pool will not produce pressures or
temperatures above the design conditions.

Status

Item 1 is complete and results are included in this
submittal.

Final Program Results*

The operators' action to maintain water level in the
reactor vessel below .evel 8 may impact the following
items:

15 Suppression Pool Temperature and Volume

Since the drywell remains pressurized due to the
continuous addition of steam from the break, there
may not be any weir overflow from the suppression
pool, and the drywell pool may not be formed.
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Therefore, the suppression pool temperature and
volume may be different than that which is
published in the RBS FSAR.

- Containment and Drywell Pressures

Due to sustained drywell pressurization, the
drywell air that is purged intoc the containment
during the early part of the accident transient
may not return to the drywell. This may result in
containment and drywell pressures that are
different in the long term than those published in
the FSAR.

3. Dryvell Bypass Leakage

Because of the continued drywell pressurization,
the maximum allowable suppression pool bypass
leakage capability may be lower than that which is
published in the FSAR.

The above items are addressed separately as discussed
below. Four break sizes ranging from small to large
were analyzed with the SWEC CONSBA Computer Code.

CONSBA is a SWEC proprietary computer code that has
Mark III system and phenomena simulation capability. A
schematic of the CONSBA code modeling is shown in
Figure 1. In general, CONSBA models the reactor
coolant system, drywell, containment, suppression pool,
emergency core cooling systems (ECCS), and safety
relief ralve (SRV) system. The code also includes
models for passive heat sinks, containment unit
coolers, residual heat removal heat exchangers, and

suppression pool steam bypass leakage. Written
primarily for semall break analysis, CONSBA models
static vent clearing, reactor water level for

on-and-off control of the ECCS, and various modes of
SRV operation, including operator-controlled reactor
cooldown at a specified rate.

The CONSBA code has an input option of all-steam
blowdown. The analyses were performed with the
all-steam blowdown option, and the results are shown in
Figures 2 through 9.

8 Suppression Pool Temperature and Volume

The predicted peak temperature results are as
below:
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Break Size Suppression Pool
(sg ft) Temp (°F)
0.01 178.3
0.1 176.5
1.0 173.5
2.6 168.4
The suppression pool temperature analysis

described in FSAR Appendix 6A identifies the
limiting case as a stuck-open relief valve (SORV)
event. The peak suppression pocl temperature for
this case is 185°F. Therefore, failure to form
the drywell pool after a LOCA does not result in a
more limiting or higher peak pool temperature than
previously analyzed.

Containment and Drywell Pressures

The peak prersures in the drywell and containment
for the four break sizes analyzed are given below.
It should be noted for all these cases, the
drywell air remains in the containment due to
sustained drywell pressurization.

Peak Drywell Peak Containment
Break Size Pressure Pressure
(sg ft) (psia) (psia)
0.01 22.6 19.79
0.1 22.6 19.73
1.0 3.7 19.67
2.6 25.9 19.36

As can be seen, the maximum peak containment
pressure is reached for a small break accident.
Even if it is assumed unrealistically that the
containment temperature reaches the design
temperature of  185°F, the peak containment
pressure will be only 22 psia (7.3 psig). This
gives 10S-percent margin between the maximum
expected and the containment design pressure. For
the drywell, the peak pressure of 33.76 psia is
reached at 1.17 seconds after a main steam line
DER as shown in FSAR Figure 6.2-4.
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3. Drywell Bypass Leakage

This is addressed under Action Plan 19.

Based on the above results, these issues are considered
closed for RBS with this submittal.

*These revised program results replace the GSU-submitted
results dated April 1, 1983.
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Action Plan 12 - Plant Specific

I.

iX.

III.

Issues Addressed

4.3 All Mark III analyses presently assume a
perfectly mixed, uniform suppression pool.
These analyses assume that the temperature of
the suction to the RHR heat exchangers is the
same as the bulk pool temperature. In
actuality, the temperature in the lower part
of the pool where the suction is located will
be as much as 7 1/2°F, cooler than the bulk
pool temperature. Thus, the heat transfer
through the RHR heat exchanger will be less
than expected.

Response

The River Bend Station analysis assumes that the RHR
suction temperature is S°F less than the bulk
suppression pool temperature. In addition, a
sensitivity analysi. on the RHR heat exchanger heat
transfer coefficient shows that containment peak
pressure is not very sensitive to the RHR Hx heat
transfer coefficient (see FSAR Figure 6.2-36 included
as Attachment 12.1).

Status

Based on the above response, this issue is considered
closed for RBS with this submittal.
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Action Plan 13 - Plant Specific

y S

' §

$33.

Issues Addressed

4.4 The long-term analysis of containment
pressure/temperature response assumes that the
wetwell airspace is in thermal equilibrium
with the suppression pool water at all times.
The calculated bulk pool temperature is used
to determine the airspace temperature. If
pool thermal stratification were considered,
the surface temperature, which is in direct
contact with the airspace, would be higher.
Therefore the airspace temperature (and
pressure) would be higher.

7.3 The containment is assumed to be in thermal
equilibrium with a perfectly mixed, uniform
temperature suppression poocl. As noted under
Topic 4, the surface temperature of the pool
will be higher than the bulk pool temperature.
This may produce higher-than-expected
containment temperatures and pressures.

Response

The River Bend Station analysis assumes that the
surface temperature of the suppression pool is 5°F
greater than the bulk temperature. The containment and
LOCA analysis, documented in FSAR Section 6.2.1,
incorporates this assumption.

Status

Based on the above response, these issues are
considered closed for RBS with this submittal.
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Action Plan 14 - Generic

5.

III.

IvV.

Issues Addressed

4.5 A number of factors may aggravate suppression
pool thermal stratification. The chugging
produced through the first row of horizontal
vents will not produce any mixing from the
suppression pool layers below the top vent
row. An upper pool dump may contribute to
additional suppression pool temperature
stratification. The large volume of water
from the upper pool further submerges RHR heat
exchanger effluent discharge, which will
decrease mixing of the hotter, upper regions
of the pool. Finally, operation of the
containment spray eliminates the heat
exchanger effluent discharge jet, which
contributes to mixing.

Program for Resolutiont*

Testing information will be submitted to demonstrate
the effectiveness of chugging as a mixing mechanism in
the suppression pool. Additionally, River Bend design
does not use the upper pool dump concept and does not
have containment sprays.

Status

Item 1 is complete and results are included in this
submittal.

Final Program Results*

Data from the 1/3~Area Scale Condensation and
Stratification Tests (Test Series 5807) performed in
GE's Pressure Suppression Test Facility (PSTF) shows
that chugging is effective in mixing the suppression
pool. These tests are described completely in
Reference 1.

Briefly, these tests were performed to quantify both
chugging loads and also the degree of thermal
stratification that could occur during the blowdown
phase of a LOCA. Part of the instrumentation of these
tests consisted of drag discs to measure flow
velocities in the bottom two vents of the three-vent
system. The location of these instruments is shown in
Figure 14-1.

Followin break in the drywell and the resultant vent
clearing process, steam will be injected intc the
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suppression pool through the vents. Some 20 to
30 seconds later, as the vent mass flowrate and drywell
pressure decrease, water will rise in the vent system,
eventually flooding the bottom and middle vents with
water. At some 30 to 60 seconds post-LOCA, as the mass
flowrate decreases further, chugging will begin in the
top vent.

Figure 14~2 shows the response of the drag discs from
PSTF Test 5807 Run 16, a l-inch (approximately
16 percent DBA) blowdown having an initial pool
temperature of 150°F. As may be seen, the drag discs
are initially excited durina the vent clearing and
steam flow portions of the transient, but then become
quiescent during the period of quasi-steady steam flow
through the top vent. Chugging begins about 55 seconds
into the transient, after which periodic swings in the
liquid flow occur in both the middle and bottom vents.
This same behavior is seen in all chugging data.

By performing a time integration of the vent liquid
flowrates, it may be concluded that on the average,
more flow is entering the vent system through the
bottom two vents during the inilow portion of the
transient than is exiting during the outflow portion.
Obviously, the excess water must exit through the top
vent. Hence, the phenomenon of Mark III chugging,
although confined to the top vent in terms of
condensation, does affect the response of the entire
vent system. In fact, the vent system performs as a
pump, pulling water in from the lower portions of the
suppression pool and expelling it through the top vent
and into the upper half of the pool.

This behavior is caused by the relative inertia of the
water in the weir and vents, and the directional nature
of the vent turning and exit loss coefficients.

An analysis was performed to quantify the effectiveness
of chugging in mixing the suppression pool. The
analysis included runs with break sizes ranging from
l-inch to 3-inch and initial suppression pool
temperatures ranging from 75°F to 155°F.

A mass balance was calculated on the bocttom two vents
by integrating the curves of vent flowrate versus time,
concluding that the remaining flow enters the top vent
on the weir annulus side and then flows into the
suppression pool. Knowing the amount of mass entering
the suppression pool from the top vent for a given
interval of time, the time required for the total
volume of the pool to enter the bottom vents and exit
via the top vent could be calculated. Suppression pool
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turnover times due to chugging were found to be less
than 10 minutes for all cases considered. Table 14-1
shows the results of these calculations.

Pool turnover times were also calculated due solely to
the RHR System. These turnover times were found to be
135 minutes for the case of one pump running and
45 minutes when all three pumps were activated. The
startup tests performed at the Kuo-Sheng BWR/6 Mark III
plant in Taiwan demonstrated that operation of the RHR
system effectively mixed the suppression pool and
limited thermal stratification. A comparison of pool
turnover times due to the RHR system and the phenomena
of chugging clearly support the latter as an effective
means of suppression pool mixing.

A plot of pool turnover time versus mass flux shown in
Figure 14-3 illustrates that pool turnover time is not
dependent on the rass flux or initial pool temperature.
Therefore, this data would be expected to be valid for
any set of conditions which might occur during an
actual plant transient.

Figure 14-4 shows measured pool thermal stratification
from PSTF Test 5807 Run 29, a 1l-inch (approximately
16 percent DBA) blowdown having an initial pool
temperature of 75°F. Since in a l-inch break case all
steam is input to the pool via the top vent, energy is
added to the pool only at an elevation of 11 feet. As
the pool heatup transi-at progresses, it is seen that
temperature increases occur over the entire elevation
of the suppression pool. Temperature increases below
the 11-ft elevation are due solely to the effect of
mixing by flow through the bottom two vents. If
chugging were not effective in mixing the suppression
pool, a sharp increase in temperature would be seen
above the top vents with no increase in temperature at
low levels. Clearly, this is not the case.

In summary, it has been shown that the effects of
Mark III chugging are not limited to the top vent, and
that the fluid mechanics of weir and vent clearing and
recovery is such that mass is effectively moved from
the lower regions of the suppression pool to the upper
regions. This pumping action is at least as, and
probably more, efficien  than the RHR system for mixing
the pool and limiting thi:rmal stratification.

. Conclusions

Chugging through the top row of horizontal vents
provides an exceptional mechanism for thoroughly mixing
the Mark III suppression pool. The pool is turned cver
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completely as frequently as once every 10 minutes,
which is substantially more rapidly than the RHR system
processes the water. Chugging will be present under
all accident conditions and will be sufficient to
completely mix the pool. Therefore, adeguate assurance
exists that sufficient mixing will occur and
effectively prevent excessive stratification.
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Bean niddle

Time of Veatari Taitial Pool Veat Steas Yent Liquid

Analysis Piameter Tesperature Hass Plex Flow Flow
SRR T — Y 12K} uuansau_-_nnama-___uu:mx
15 30.5 1.0 148 3.05 ~65.3 ~35.8
16 22 1.0 150 3.3 ~-113.6 -62.7
" 20 1.0 76 3.16 -158.8 -29.8
29 30.5 1.0 75 2.54 ~-90.3 -19.9
” 2 3.0 152 2.55 -142.5 3.8
18 20 3.0 155 L% ] -123.3 -83.7
30 n 3.0 75 2.36 -87.2 -19.1
12 2.5 3.0 79 1.89 -152.5% -18.6
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