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SoutH CAROLINA ELECTRIC & GAS COMPANY
POST OFFICE BOX 764

CoLuMBIA, SOUTH CAROLINA 29218

T C. NicHOLS, JR

VICE FRESIDENT AND UROUP LRECUTIVE

NucLean OPERATIONS Ju]y 29, 1981

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

Subject: Virgil C. Summer Nuclear Station
Docket No. 50/395
Model Study of Reactor Building Sump

Dear Mr Denton:

In response to FSAR question 211.132 South Carolina Electric and Gas
Company agreed to conduct a model study of che flow characteristics of the
reactor building sump following a postulated LOCA for the Virgi) C. Summer
Nuclear Station. Ten (10) copies of that study, conducted by Alaen
Research Laboratory are provided.

The report contained several minor errors which were hand corrected.
These appear on pages 3 and 17. The report will be reissued in
approximately two to three weeks to revise those pages and to provide
better quality pictures. It is being submitted now with the markerd pages
to allow you to expedite your review. The revised re¢port will be sent to
you when issued.

Also included in this letter as Attachment 1 is justification for
performing the model tests at ambient temperature conditions.

As described in the report no signi“icant vortex phenomena ocurred in
the model test program; therefore the existing sump design is acceptable
and no modifications are required. In the next FSAR amendment (#27) the
response to question 211.132 will be revised to incorporate the results of
the report. A marked up copy of that revised response is also included in
this letter.

If you have any questions, please let us know.

Yours very truly,
- -7 4
B ag < .

T. C. Nichols, Jr.

8108030322 810729
PDR ADOCK 05000395 9 ) \
A PDR
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Denton (10)

Summer w/o attach.
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Nichols, Jr. w/o attach.
Ruoff

“auman w,o attach.
Williams, Jr. w/o attach.
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ATTACHMENT 1

f§§ ALDEN RESEARCH LABORATORY
WORCESTER POLYTECHNIC INSTITUTE

May 6, 1981

Mr. Gary Moffatt

South Carolina Electric & Gas Company
Post Office Box 764

Columbia, SC 29202

VCS/SUMP-ARL-260E

Dear Mr. Moffatt:

With respect to the gquestion of conducting high temperature tests as part
of the ongoing reduced scale model study at the ARL for the Virgil C. Summer
Station, we would like to provide a general review of model similitude con-
siderations, a summary of tests on the scale model to date, and a review of
why high temperature tests will be conducted as part of the full scale para-
metric sump study through Sandia for NRC-DOE. This will be followed by our
recommendation regarding the possible need to conduct high temperature tests
using the V.C. Summer model.

Review of Model Scaling Considerations

General

Models involving a free surface are constructed and operated using Froude
similari‘y since tiie flow process is controlled by gravity and inertia
forcec. The Froude number. representing the ratio of inertia to gravita-
+Zonal force,

F=u/gs | (1)

where

u = average velocity in the pipe
g gravitational acceleration
s submergence

]

is, therefore, made egual in model and prototype

F =F/F =1 (2)
r mp

where m, p, and r de.ote wodel, prototype, and ratio between model and proto-
type, respectively.

HOLDEN, MASSACHUSETTS 01520  TELEPHONE 617-829-4323
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In modeling an intake sump, it is important to select a reasonably large
geometric scale to achieve large Reynolds numbers and to reproduce the
curved flow pattern in the vicinity of the intake (4). An asymptotic be-
havior of energy loss coefficients with Reynolds number is usually observed
in similar flows (2). Hence, with F, = 1, the basic Froudian scaling cri-
terion, the Euler nusbers, E, will be equal in model and prototype. This
implies that the flow patterns and loss coefficients are equal in model and

prototype. -

Similarity of Vortex Motion

Fluid motions involving vortex formation in sumps have been studied by several
investigators (1, 4, 5, 6).

In addition to the primary foi.ces of gravity and inertia, viscous and surface
tension forces could influence the formation and strength of vortices (1, 5).
The relat.ve magnitude of these forces to the fluid inertia force is reflect-
ed in the Reynolds and Weber numbers, respectively, which are defined as:

R = ud/v (3)
u - -
W = (4)
(cx/pr)l/2

where

intake diameter

characteristic radius of vortex

surface tension force per unit length

kinematic viscosity, a function of water temperature
mass density per unit volume

v <can
nonowonn

It is important for a reduced scale model study to ascertain any deviations
in similituce (scale effects) attributable to viscous and surface tension
forces in the interpretation of model results. For large R and W, the ef-
fects of viscous and surface tension are minimal, i.e., inertial forces pre-
dominate. Surface tension effects are negligible when r is large, which will
be true for weak vortices where the free surface is essentially flat. Con-
versely, only strong air core vortices are subject to surface tension scale
effects. Moreover, an investigation using liguids of the same viscosity but
different surface tension coefficients (0 = 4.9 x 10 3 1b/ft to 1.6 x 10 °
1b/ft) showed practically no effect of surface tension forces on vortices (1).
The vortex severity, S, is therefore mainly a function of the Froude number,
but could also be influenced by the Reynolds number.

§ =5 (F, R (5)
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Anwar (4) has shown by principles of dimensional analysis that the dynamic
similarity of fluid motion at an intake is governed by the following dimer -
sionless parameters

_422": = ’ _'Q"r and d—
ueq 5;; vV s 2s

where

Q = discharge through the outlet
ug = tangential velocity at a radius equal
to that of outlet pipe

The influence of viscous effects was defined by the parameter Q/(v s), known
as a rad:al Reynolds number, Rz. For similarity between the dimensions of a
vortex of strengths up to and including a narrow air-core type, it was shown
by experiments that the influence of RR becomes negligible if Q/(v s) was
greater than 3 x 10" (4). For the prototype of this study, the value of R
for the operating temperature range of 70° and above, and using the submer-
gence to the floor grating, was greater than 1.1 x 10°. 1In the scale model,
the value of Ry for the RHR sumps was 2.6 x 104 for Froude velocity and 4.4
x 10" for prototype velocity, both for water temperatures of 50°F Thu$, vis-
cous forces would have a negligible role in this model study. Dynamic simi-
larity is obtained by equalizing the parameters 4Q/ugd?, u/Y2gs, and d/2s in
model and prototype. A geometrically similar Froudian model satisfies this
condition.

To éompensate for any possible excessive viscous energy dissipation (Reynolds
number scalc effect) and consequently less intense model vortex, various in-
vestigators have proposed increasing the model flow and, therefore, the intake
and approach velocity, since the submergence is maintained constant. Operating
the mr4el at the prototype inlet velocity (pipe velocity) is believed by some
researchers to achieve the desired results (l). This is often referred to as
the Equal Velocity Rule. The test procedure for the present study incorporat-
ed testing the model at prototype pipe velocities to achieve conservative pre-
dictions.

ARL Vortex Activity Projection Technigue

ARL has conducted independent research to assure that no scale effect on vor-
tex activitv due to Reynclds number exists in models with weak vortices. A
cec.auigue was developed (9) to extrapolate model vortex activity to prototype
Reynolds numbers by using elevated model water temperature: and varying model
ilow velocity (Froude ratio), and this has been applied to several studies (7,
8, 10, 11, 12). Figure 1 illustrates the method. The ordinate, Pr' is the
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ratio of model to prototype Froude number, while the abscissa is the inlet
pipe Reynolds number, R. The objective is to determine flow conditions at
F, = 1 at prototype R from tests at lower than prototype R. Assume the
model to operate at flow less than Froude scaling (F, < 1) at point aj;. By
increasing the discharge in the model while keeping the same submergence
and water temperature, F. and R are increased in increments, corresponding
to a point, ay, where a vortex of type N is observed. The model Reynolds
number can also be ~hanged by varying the kinematic viscosity with tempera-
ture changes, and similar tests performed to locate by, another point on
the locus of type N vortices. Extrapolation of the line of constant vortex
strength of type N can be male to a prototype Reynolds number at the proper
Froude number (Fy, = 1), point Py. The locus could represent any expedient
measure cf vortex severity, including inlet loss coefficient and inlet swirl
angle. Any scale effects due to viscous forces would be evaluated and taken
into account by such a projection procedure.

Figures 2, 3, and 4, and Tabl~ 1, s.aow the effect of increasing Reynolds num-
ber and increasing Froude ratio ror the final designs of four containment sump
model studies conducted at ARL having scale ratios of 1 to 2.5 to 1 to 4. The
vortex types designated on these figures are shown in Figure 5. 1In all_cases,
the data show no measurable changes in vortex strength, even for types 3 and 4,
with Reynolds number at constant Froude ratic. This is reasonable since the
Reynolds numbers are all above the limiting value (1, 4), a previously Jdes-
cribed similitude requirement. Minor increas2s in vortex strength nccur when
the Froude ratio is increased. Other measurements, such as swirl in the inlet
pipe, have also shown no measurable dependence on Reynolds number. This indi-
cates that reduced scale model tests «re # direct indication of prototype per-
formance for weak vortices, particularly if vortex suppressors are part of the
design, even at Froude scaled flow (i.e., fp = 1). Tests at higher than Froude
scaled flow are seen to give conservative results, i.e., somewhat stronger vor-
tices than expected in the prot >type.

V.C. Summer - Test Results

Approximately 50 conditions of varying approach flow distribution, and vari-
ous combinations of blocking the bar racks and screens have been tested in
the reduced scale model. Measurements include classifica‘ion of vortex type,
swirl in the inlet pipe, and inlet loss coefficient. These tests show that
no vortices stronger than type 1 (incoherent surface swirl) occurred for any
combination of test variables, including operating the model at prototype
inlet velocities as well as at Froude scaled velocity. The only swirl ob-
served is generated by obstructions in the approach flow, and these swirls
are weak (type 1) and transient. Pipe Reynolds numbers are greater than

1.2 x 10° for the minimum flowrate modeled, the RB spray inlet. This Rey-
nolds number is comparable to the minimum for the previous studies which
indicated no increase in vortex activity for increasing Reynolds numbers

at constant Froude ratio.

The horizontal floor grating and the relatively deep submergence of the in-

let pipes apparently act to suppress the formation of any coherent vortices
above the reactor floor.
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Full Scale Parametric Sump Study

The generic study of full scale containment sumps being conducted at the ARL
via Sandia Laboratories for the NRC-DOE addresses an unresolved safety issue
(Task R-43) associated with ECCS systems. As part of this general study,
testing will be conducted using water heated to about 160°F to approach pro-
totype operating conditions. Twc¢ -ump configurations will be selected for
these tests, both configurations having been previously testing with normal
water temperature, and showing evidence of intermittent air core vortices
and air ingestion into the inlet pipes.

The basic reason for the high temperature tests are to determine the effects
of decreased water viscosity and surface tension on two phase flow phenomena
involving air and water. The effects of increased vapor pressure per se are
expected to be negligible since the amount of air and water vapor released
from the liquid phase is minimal compared to the ingestion of air by vorti-
ces. Also, the effects of increased Reynolds number on single phase flow
parameters such as inlet loss coefficient and swirl angle (except due to
change in vortex strength) are expected to be minimal since Reynolds numbers
with normal water temperatures are already above any transitional values for
changes in f '+ patterns. Basically, the high temperature tests are to deter-
mine if a ccherent but weak vortices (type 3 or 4) becomes an air core vortex,
and if a weak air core vortex becomes stronger-and ingests more air (i-e.,
will the void fraction increase). Coherent vortices could become stronger
with higher water temperature since vortex cores are regions of high shear
(velocity gradients) and a decrease in viscosity could increase tangential
velocities. Based on work by others, the effecis are expected to be small
since the Reynolds number for all test conditions are well above suggested
minimum valuss relative to scale effects (1, 4). All testing will be con-
ducted without any vortex suppressor such that the vortex can become stronger
should that be the tendency.

Evaluation and Conclusions

Based on general similitude considerations, the results from the V.C. Summer
sump reduced scale model testing program, and the intent of the high tempera-
ture tests in the full scale sump facility, the following conclusions may be
made regarding high temperature tests for the V.C. Summer model.

The V.C. Summer model was designed for minimal scale effects at Froude scale
flow, but was also tested for conservatism at prototype velocities. No co-
herent vortices were observed for any combination of test parameters. Past
woerk at ARL with high temperature testing of scale models has shown that
swirls and weak vortices are not subject to scale effects when Reynolds num-
bers are above recommended minimum values. The horizontal floor bar rack of
the V.C. Summer sump acts as a vortex suppressor, which together with the
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lack of coherent vortices and scale effects, makes the question of how
higher Reynolds may effect vortices a moot point. There is no technical
reason that the observed weak swirls (type 1 vortices) will become ob-
jectionable vcrtices for the V.C. Summer sump design, and tests at ele-
vated water temperatures are, therefore, not warranted in this case.

Please contact us should you have any questions or if you would like any
additional material.

Sincerely,

-

B il 4
&;,’..’/ 7’_/.' f(z(,ﬂ.

George E. Hecker ‘

Professor and Director

GEH/nmb
Enclosures
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TABLE 1

EXPERIMENTAL OBSERVATIONS OF VORTEX ACTIVITY IN THE SUMP
PHASE 3 TEST SERIES; SCHEME 4 WITH SCREEN BLOCKAGE

WATER MODEL

TEMPERATURE R x 107° VORTIMETER READING
TEST NUMBER DATE Fe °F INLET 2 REV/100_SEC.
6-1 6/22/77 1.0 64 1.50 34, 35, 35
6-2 6/22/77 1.4 65 2.10 49, 49
6-3 6/22/77 1.8 65 2.70 51, 51, 49
6-4 6/23/77 18 104 437 46, 46
| 6-5 6/23/77 1.4 107 ; 3.40 45, 45, 46
\
| 6-6 6/23/77 1.0 103 2.43 16, 15, 16
6-7 6/24/77 1.0 140 3.38 25, 25, 24
| 6-8 6/24/77 1.4 143 4.73 r 47, 48, 45
|
\
| 6-9 6/24/77 1.8 139 5.74 49, 50, 48

REMARKS

Surface swirls and dimples
observed (Types 1-2)

Surface swirls and dimples
observed (Types 1-2)

Surface swirls and dimples
observed (Types 1-2)

Surface swirls and dimples
observed (Types 1-2)

Surface swirls and dimples
observed (Types 1-2)

Surface swirls and dimples
observed (Types 1-2)

Surface swirls and dimples
observed (Types 1-2)

Surface swirls and dimples
observed (Types 1-2)

Surface swirls and dimples
observed (Types 1-2)
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Gther »otercial bleckage sources include:

1. Fifreen fibrous reinforced silicon rubber enclosures (approxi-
mately 4 square feet each) which provide forced air cooling of

equipment inside the pressurizer cubicle,

2. Rubber expansion joints in the ring header duct, and

3. FRubber boots for reactor nozzel and support feet ventilation (6

tetal at approximately 14 square feet each).

The biockage potential of the equipment covers is subject to the
same location considerations as the Temp Mat inside the pressurizer
cubicle. 1n addition, the covers are located high in the cubicle
and would have to clear instruments, piping, and grating to reach
the cubicle opening at the bottom. The ductwork expansion joints
are so removed from the sumps and potential missiles that their
blockage potential is very small. The reactor nozzel and support
ventilation boots are bolted to the wall and clamped to the pipe.

However, if a boot became free due to its physical location, it

would most likely remain in the incore instrument tunnel.

The potential for debris getting into the suction piping and causing
blockage or damage to the pumps oOr other components, is greately
reduced by the trash racks and screens. For the components in the
£CCS flow path the Reactor Building Spray nozzles are the determin-
ing factor for sizing the smallest strainer screens. Strainer
ccreens with 1/4 inch square openings will allow only those
particles swaller than 1/4 inch square to pass completely through

the system.

In order to perform a cmple;e analysis, SCEAC % contracted Alden
L 3 Ll

hesearch Laboratories to smedewwss: a model study of the Virgil C.

S

<
semer Nuclear Station ECCS sumps and suction piping. The study wedsi

Avposr m==s=r 198
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