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INTRODUCTION

The containment sump design for Watts Bar Nuclear Plant has
been tested by TVA at the Engineering Laboratory, Norris, uéing al:4
scale physical model. The original design Was tested for poésible
trapped air in -the sump during initial filling and for air-drawing
vortices during operation. Wher_e, neCessary, recommendations were
made for improving the design. The sump pressure"'l.oss coefficient
with the final recomménded‘ design was’determined‘empirically for use in
pump net positive suction head calculations. This report describes the

model and presents test results and recommendations.



PROTOTYPE DESCRIPTION

The containment sump inlet is located in the 8-foot high
passageway under the refueling canal, as shown in Figure 1. The
annular shape of the containment area (elevation 702.78) allows water to
approach the sump fx;om two directions simultaneously, passing in both
cases through screened trashracks (%-inch mesh screen welded to
standard floor grating) at the entrances to the passageway. Water from
fhe two 14-inch drain holes in the floor of the refueling canal is piped
outside the passageway to avoid jetting directly into the sump inlet.
The water surface -in the containment area bounded by the vcrane wall,
reactor shield wall and refueling canal walls is at elevation 716.0 during
withdrawal through the sump, at which time the passageway under the
refueling canal is fully submerged.

The sump, shown as initially designed in Figure 2, has two
discharge pipes which can be operated independently. A %-inch mesh
screen is located in front of the pipe entrances. The maximum water
temperature during withdrawal is 160°FE. The pump design flow rate is
8500 gpm per pipe. The maximum ﬂow rate through the sump was
estimated as 19750 gpm. This le;N rate was used throughout the model

study, except where noted.
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MODEL DESCRIPTION

The model had the orientation of Unit 1 (Units 1 and 2 are
opposite hand but otherwise identical) and included the containment
sump, the two discharge pipes leading from the sump, the passageway

under the refueling canal, and a portion of the containment area. The

‘portion of containment (elevation 702.78) included extended from Steam

Generator No. 3 (azimuth 191.7) clockwise to Steam Generator No. 4
(azimuth 334.0), as shown in Figure 1. Within this space bounded by
the floor, the crane wall, the reactor shield wall, the refueling canal
walls, and elevation 716.0, all structures larger than 4 inches across
which could affect the flow were modeled. Figure 3 shows an overall
view of the model. Figure 4 shows the sump. and a portidn of each dis-
charge pipe. The crane wall and other walls and surfaces required to
be transparent for flow visualization were made of clear acrylic plastic.

Water was supplied to ‘the model throughvperforated plates at
both ends of the model (’az‘imuths 191.7 and 334.0), through pipes
leading from the two drain holés in the floor of the refueling canal, and
througﬁ a movable pipe which' ‘could be pvlaced anywhere in the contain-
men‘t. Flow rates for each of these sources were inde‘pendéntly con-

trolled by valves and measured with calibrated orifice meters. All

water supplied to the model was withdrawn through the sump by a

pump and recirculated directly back to the model. The water level in
the containment was controlled by regulating the volume of water in the
model and piping system. | |

For testing at wafer tempefatures higher than ambient, five

2.5 kW resistance heating elements were installed behind each of the



OVERALL VIEW OF MODEL

FIGURE 3

S i

g
e A

VIEW OF SUMP

FIGURE 4



perforated plates at the ends of the model.

ature possible was approximately 130°F.

The maximum water temper-



MODEL SIMILITUDE

Model Limits

Preliminary tests were performed to determine if sufficient -
lengths of the annular-shaped containment area on both sides of the
refueling canal had been included in the model. These lengths would
be sufficient if equipment in the ﬂéw outside the model limits would
have no effect on flow patterns at the sump. To show this, water was
supplied alternately to one end of the model only, to the opposite end,
and to both ends simultaneously. In each case, the flow pattern in the
Vicinity of the sump was obsérved with the aid of ‘injected dye. No
noticeable changelin the flow pattern near the sump occurred. Hence,
it was concluded that flow patterns at the sump were being controlled

by conditions relatively near the sump and not by the outer limits of

~ the model.

Kinematic' and Dynamic Similarity

Because of the predoininance of gravitational and inertial
forces in the flow processes involved, kinematic and dynamic ‘vsim'ilitude
were achieved primarily by equating the Froude numbers1 of fhe model
and prototype. The Froude number, representing the}ratio of gravita-

tional to inertial forces, was defined as

IF = V/Jgs | B )
where |

V = discharge pipe velocity

g = gravitational acceleration-

s = submergence of the‘ discharge '.pipe ceh_tei‘line below the

free surface



and was made equal in the model and the prototype:

E.= [F_/ E, = 1 o ‘ (2)
where subscripts m, p, and r represent model, prototype, and ratio
between model and prototype, respectively. Velocity, flow rate, and
time, V, Q, and t, respectively, were ekpressed in terms of the chosen

geometric scale:

' Lr = LAm/.Lp =1/4

where L refers to length. By use of Equations. 1 and 2 with g, = 1,

p =05V,

V=1L

m V.

S ni-

o

Q

Qm =L p " 0.03125 Qp

, :
tm'= LI{ tp = 0.5 tp

The flow field depended to a lesser extend on viscous and
possibly surface tension effects. The _relative magnitudes of these
forces to fluid inertia were reflected in the Reynolds and Weber

numbers, defined respectively as

R = VD/v
and

W = pV2s/0
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where

/ dicharge pipe velocity

A4

D = discharge pipe diameter
v = kinematic viscosity

p = density |

o = surface tension

s = submergence of discharge pipe centerline _below the free

surface.

Because the model flow rate had to be determined on the
bz;sis of equal model and prétotype_ Froude numbers, the Reyholds and
Weber numbers could not have the same values they would have in the
prototype. Any deviation in similitude of the flowsv attributable to
viscous and surface tension forces was called scale effect. Surface
tension effects were small because vortices with significant free surface
curvature 'w.e_re not present in the modelz. Vortex formation was there-
fore predominantly a function of Froude number, with possibly a minor
scale effect because of the reduced model Reynolds number. The model
Reynolds numbers  were high enough ‘that the flow ih the model was
fully turbulent, i.e., in the same regime as that in the prototype.
Therefore, scale effects due to viscous forces were negligible. ‘This
cbndition was assured by einploying the following modeling teéhniques:

(1) The large model Reynolds numbers were achieved by choosing

a large geometric scale ratio for the model (1:4).

(2) The modél was opefatéd at pipe velocities higher than Froude
scale to increase the model Reynolds number, i)ut without
excessively \/"iolating Froude scaling criferion ( IFF ﬁxaximum =

2.6).
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(3) The model was operated at water temperatures higher than

ambient to further increase the model Reynolds number (6

= 130°F).

max

(4) The model was operated at water levels lower than the design

minimum to exaggerate the propensity for vortex formation.

The ReYholds number fanges of the model and prototype are given in
Table 1.
TABLE 1 -

'RANGE OF PROTOTYPE AND MODEL R
(Qp = 9875 gpm per pipe)

Temp. Prototype R | Model R -

°F - : E.=1 IF‘.r=2 . F.=2.6

60° 1.59x108 0 1.99x10%  3.97x10%  5.17x102
130° 3.4'Zx10‘?‘ 14.33x10%8 8.66x10% 1.12x1_0§- -
160° 4.38x108 © - -

Details of the model scale selection were given in the

Sequoya‘h3 report. In accordance with common p'ractice,4

, 'the_ model was
operated with velocities in the discharge pipes higher than Erdude scale
and observed for vortexing tendencies. The highest velocity obtained
in the model was 17.4 ft/sec; the velocity in the prototype vat maximum
pipe discharge will be about 13.4 ft/sec. Under these Conditions,
.Vm/\lp was _épproximately 1.3, Also,: the water témpefature in the

model, usually in the range 40° to 909F, was raised to about 130°F for

some tests.
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Model Screens

Screen material for the model was selected which had the same
pressure loss coefficient as .the prototype screen, with the wire
diameter and opening width as near 1:4 scale as possible. Thus the
effect of the two model screens on pressure loss and on velocity profile
modification were properly simulated. The pressure loss coefficient for

" the screens, defined gs '

K = aH/(vZ /2g)
was computed from the expressions'6

K = 1/,(3&-:.2.)[103.4(d‘a).2,./.Re + 6.24 d/2]
where

AH = pressure drop through screen

unobstructed upstream velocity

vy =

d = wire diameter

L = width of‘ opening. in screen

a = ratio of the sum of surface areas of the individual
strands of 'wire which make up fhe screen tb the total
volume occupied by the screen, including both wires
and voids | | |

Re = Reynolds numbef based on the wire ‘diameter and the
unobstructed upstream velocity .

e = ratio of the sum of volurﬁes of the Voidé in the screen to

the total volume occupied by the screen, in'cluding both

wires and voids
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Pressure loss coefficients for both prototype and model screens are
shown as functions of Reynolds number in Figure 5. Table 2 compares
the characteristics of prototype and model screens. It was noted that
the sum of the computed head losses through the two screens repre-
sented less than five percent of the total sump head loss. Thus the
effects of the differences between prototype and model screen pressure

loss coefficients on the flow patterns were insignificant.

TABLE 2

COMPARISON OF PROTOTYPE AND MODEL SCREENS
(6p=1609F, Gm=60‘?F, Qp=19'250 gpm)

‘Screen % Open d . 2 K
(in) (in)
Prototype, : ,

Inside Sump 70.9 .041 .25 .92
Model, Inside Sump 14.6 017 .108 .50
Prototype,

Outside Sump 70.9 .041 .25 .59
Model, Outside Sump 81.0 .025 .225 .96

Sump Loss Coefficient

The sump loss coefficient was determined 'in‘ the manner of
Daily and HarlemanrZ by extrapolating the measured static head in the

discharge pipe to the pipe inlet and computing the head loss, hL' as
h; = Ah - VZ2/2g
where Ah is the static head change between the free water surface and

the pipe inlet and V2/2g is the velocity head in the pipe. ‘The sump

loss coefficient was defined as
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Cp = hy /(V%/29)

Figure 6 shows a typical evaluation of CL from pressure gradient data.
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MODEL TESTS

The final recommended design was developed by performing
systématic tests under a variety of flow, geometric, depth, and temper-
ature conditions, with and without vortex suppressors. For each test,
the flow patterns were visualized with dye vand surface floats.
Vortices, if present, were rated according to the arbitrary scale shown
in Figure 'Z.. Table 3 shows a summary of the various test conditions

using the final design.

RESULTS

Sump Interior

The final recommended design is shown in Figure 8. Because
the Watts Bar and Sequoyah sump designs were similar, the vortex
suppression and air-release modifications developed for the Sequoyah
sump interior were installed in the Watts Bar model before testing
began. The performénce of these modifications was observed through-

out the Watts Bar model testing and found to be satisfactory.

Sump Inlet and Vicinity

~ With the initial design, a strong vortex (Number 5 in Figure
7) tended to form on the ceiling of the submerged passageway 8 feet
_'above the sumb inlet énd extehd down into the sump. W_hilé not quanti-
tatively evaluated, .the diameter_ of this vortex was increased as the size
of the air bubble on the ceiling of the passageway increased. This
phenomenon was observed at -various' water depths. The worst case was
observed with the water lével in the confaininent ‘lowered to a point

where a free surface existed in the passageway.
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TABLE 3
FINAL DESIGN TEST RESULTS

Observed
\ Vortex

Test Conditions ‘ Strength*
Flow Direction**

Left Side Only 0

Right Side Only 0

Both Sides 0
Flow Rate :

Maximum Possible Model Flow 1

(303% of design flow) ’
Screen Blockage

Worst Case, 50 percent 0
Water Depth

Design Depth (13 feet) 0

Reduced Depth (7' 10") 1
Single Pipe Discharge ' _

Left Pipe Only _ . 0

Right Pipe Only - 0

* See Figure 7 for definition
**Looking Downstream

Note: Design water depth and pump flow rate of 19750
gpm (116% of design flow) were used, except where
‘indicated. _

19
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Test results showed that this vortexing tendency could be
eliminated with the water level at 7'-10" (just below the péssageway
ceiling) of higher by either (1) suspending’standar_d'ﬂoor' grating one
foot 'below the paésageway ceiling or (2) installing a ‘gréting-clad cruci-
form over the sﬁmp inlet. For conservatism, both de\}ices there recom-
mended in the fmal des1gn as shown in Flgure 8. The céiling grating
extended from the reactor shield wall to the divider wall and from
trashrack to trashrack. Details of the cruciform aré shown in Figure
9. Addltlonally, the passageway ceiling was vented at the trashracks
‘to get rid of the potential air bubble by placmg 3/8" spacer washers
between the ceiling and the 3-inch angles supportlng the tops of the
trashracks as indicated in Figure 8. |

Gratihg used inside the sump had 2-1/2" x 3/16_" load bars
spaced '1-3/16" on center. Grating used on the cruciform and under
'the'passageway ceiling had 1-1/2" x 3/16"‘load bars spaced 1-3/16" on

center.

Sump Loss Coefficient

| The sump loss coefficient, CL’ is shown as a function of
' dischargg pipé Reynolds number in Figure 10. The value of CL in the
' prototype at pump désigh flow rate (17,000 gpm) and design water
temperature (160°F) will be abdut 0.55,
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CONCLUSIONS

Recommended modifications to the original design are:
(1) Adoption of the sump internal design developed for the
Sequoyah sump

(2) Installation of grating under the ceiling of the refueling canal
for vortex suppression

3) Installation of a grating-clad cruciform over the sump inlet
for vortex suppression

(4) Venting of the top trashrack supports at the passageway
ceiling for air release.

" With these modifications, the sump released all free air during
initial filling and gave satisfactory hydraulic performance under all

tested conditions.
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